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Abstract

Interdunal wetlands form in low-lying depressions between sand dunes and provide
important ecosystem services, but challenges in identifying Field Indicators of Hydric Soils
(FIHS) may limit their recognition in wetland delineation and conservation. This study evaluated
FIHS expression across interdunal wetlands of the Great Bend Sand Plains (MLRA 79) in south-
central Kansas and applied the Hydric Soil Technical Standard (HSTS) to test whether these soils
are currently functioning as hydric soils. A total of 34 interdunal wetlands at the Kramer (East
and West) and Pfister sites were surveyed for FIHS during 2024, with soil profiles described to
30 cm and verified using automated U.S. Army Corps of Engineers datasheets. Nine wetlands
were instrumented with shallow wells, IRIS films, and dipyridyl test strips to document
hydrology, anaerobic conditions, and vegetation, while precipitation normality was assessed
using the Direct Antecedent Rainfall Evaluation Method (DAREM). All 34 wetlands exhibited at
least one FIHS, most commonly S5 Sandy Redox, S6 Stripped Matrix, and A11 Depleted Below
Dark Surface, with F3 Depleted Matrix, F6 Redox Dark Surface, and F8 Redox Depression also
frequent. The study, which began in 2024, coincided with regional drought in 2022-2025,
Normal precipitation amounts were observed during the spring of 2026. Despite widespread
FIHS, only East Kramer's three transects met all HSTS criteria for hydrology, anaerobic
conditions, and vegetation in 2026. The West Kramer and Pfister sites did not meet the HSTS
despite exhibiting FIHS. This suggests FIHS at West Kramer and Pfister largely reflect a legacy
of wetter conditions rather than current hydric function, plausibly linked to groundwater decline.
These findings indicate FIHS are well expressed and reliable for identifying interdunal wetlands,

but wetland vegetation and hydrology should be carefully examined during wetland delineations.
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Chapter 1 - Literature Review

Introduction

Interdunal wetlands are wetlands that form shallow depressions between sand dunes.
Here, I examine the scientific understanding of these unique wetlands with a specific focus on
the use and limitations of hydric soil field indicators for delineating interdunal wetlands in the
Great Bend Sand Plains Major Land Resource Area (MLRA) 79 in south-central Kansas. The
following sections will include an overview of the ecological importance of interdunal wetlands
and unique considerations for wetland delineation, field indicators of hydric soils (FIHS), and the

hydric soil technical standard.
Overview of interdunal wetlands and their ecological significance

Interdunal wetlands provide several ecosystem services, including providing habitat for
plants and animals as well as groundwater recharge (Wurster et al., 2003). Based on the
Hydrogeomorphic Model (HGM) approach to wetland classification from Smtih et al. (1995),
interdunal wetlands are categorized as depressional wetlands and ephemeral wetlands. Smith et
al. stated that depressional wetlands are low-lying areas where water collects because the land is
shaped like a bowl with no outflow for runoff losses. Ephemeral wetlands are seasonal, often
only exhibiting ponding during the wettest months of the year. Rain, shallow groundwater, and
water flowing from nearby higher ground are the main sources of water. Some depressional
wetlands have streams or channels that bring water in or let water out, but most lack defined

channels. Smith et al. also stated that water losses occur either by flowing out an outlet,



percolating into the ground contributing to groundwater recharge, or through evapotranspiration.

Water levels in these wetlands tend to vary throughout the year, mostly depending on the season.

According to Chow et al. (2016), ephemeral wetlands are seasonally ponded and are
sometimes referred to as vernal pools. Chow et al. states that, despite drying out, ephemeral
wetlands still serve important ecosystem services, including storing rainwater and floodwater,
filtering out pollutants, recharging underground water sources, and providing habitat. Wetlands
have experienced substantial and accelerating losses in the United States according to the U.S.
Fish and Wildlife Services 2019 National Wetlands Status and Trend Report by Lang et al.
(2024). This decline has reduced habitat availability and ecosystem functions that support
amphibians such as frogs and salamanders, reptiles, insects, wetland vegetation, and migratory

waterfowl.

Together, this section highlights the importance of interdunal wetlands as dynamic and
ecologically valuable systems, while emphasizing the challenges associated with identifying and
protecting them. These wetlands function as depressional and ephemeral features that support
biodiversity, regulate hydrology, and contribute to groundwater recharge, despite experiencing
strong seasonal fluctuations in water availability. Their temporary or isolated nature often
complicates wetland identification and conservation, particularly when standard indicators, such
as hydric soil features, are weakly expressed or absent. Understanding how these wetlands
function within their broader landscape is therefore essential for interpreting their ecological role
and delineation challenges. The following section builds on this foundation by examining the

ecological and geographic context of MLRA 79, providing necessary background on the



landscape, soils, and geomorphic processes that influence interdunal wetland formation and

behavior in the Great Bend Sand Plains.

Ecological and Geographic Context

Description of MLRA 79 — Great Bend Sand Plains

According to the USDA Natural Resources Conservation Service (NRCS), Major Land
Resource Area (MLRA) 79, known as the Great Bend Sand Plains, lies in south-central Kansas
and extends across the Great Bend, Wichita, and Hutchinson regions (USDA-NRCS, 2018). The
NRCS describes this MLRA as encompassing major areas such as McConnell Air Force Base
and the Quivira National Wildlife Refuge. The NRCS states that the Great Bend Sand Plains
region formed through the combined influence of fluvial processes associated with the Arkansas
River and its tributaries with subsequent eolian activity. River migration and incision created
paleo terraces, which the NRCS defines as erosional remnants of former river terraces.
Following terrace formation, wind-driven processes reworked sandy sediments across these
surfaces, producing dune fields on the abandoned terraces. As a result, the NRCS reports that
soils in MLRA 79 developed from a mixture of alluvial deposits laid down by river systems and
eolian sands distributed by wind. Over time, changes in river flow, sediment supply, and climate
caused older floodplains to be abandoned, allowing wind to further reshape the landscape.
According to the NRCS, these geomorphic processes produced the deep, sandy to sandy loam
soils that dominate MLRA 79 today and strongly influence drainage, hydrology, and ecological

site development throughout the region.



Hydrology of Dune Field Wetlands

Barchyn and Hugenhotlz (2012) describe interdunal wetland hydrology as being tightly
controlled by dune geomorphology and interactions with shallow groundwater. They explain that
eolian dune fields consist of coarse textured sands that promote rapid infiltration and drainage,
while interdunal depressions function as localized zones of water accumulation. They added that
dune height, spacing, and arrangement determine the depth and extent of these depressions,
which in turn controls the presence and duration of shallow water tables or ponding. They note
interdunal wetlands typically exhibit short and highly variable hydroperiods rather than

prolonged inundation.

Neff et al. (2020) emphasized the role of groundwater dynamics in controlling the
hydropedology of interdunal wetlands. It is explained that groundwater flow in dune field
landscapes often moves indirectly from upland to lowlands, with discharge occurring at breaks in
slope rather than uniformly across the landscape. Neff and colleagues state that interdunal
wetlands may act as temporary groundwater discharge areas during wet periods but shift to
recharge conditions as the water table declines. According to their findings, the position of the
water table relative to the land surface ultimately governs wetland persistence, connectivity, and

the duration of soil saturation, leading to strong seasonal variability in wetland conditions.

Overview of Quivira National Wildlife Refuge and Cheyenne Bottoms

According the U.S. Fish and Wildlife Service (FWS), Quivira National Wildlife Refuge
is one of the most significant inland wetland complexes in the central Great Plains (U.S. Fish &

Wildlife Service, 2024). The site is recognized under Ramsar Wetlands of International



Importance. The FWS (2024) describes the Ramsar Convention on Wetlands as the oldest
modern global intergovernmental environmental agreement. It originated through negotiations
throughout the 1960s driven by nations and non-governmental organizations alarmed by the
accelerating loss and deterioration of wetland habitats critical to migratory waterbirds. The treaty
was formally adopted in Ramsar, Iran in 1971 and entered into force four years later. The FWS
(2024) states that the Convention is guided by a mission centered on the conservation and wise
use of wetlands worldwide, achieved through action at the local, national, and international
levels as part of a broader commitment to sustainable global development. Member countries
have the authority to nominate sites as "Wetlands of International Importance", also known as
Ramsar Sites, which receive formal recognition and protection based on their ecological rarity,
uniqueness, or significance for biodiversity conservation. In the five decades since the

Convention's founding, more than 2,400 such sites have been designated across the globe.

The Ramsar Sites Information Services (2002) reports that Quivira National Wildlife
Refuge encompasses more than 22,000 acres of inland marsh, salt flats, and sand prairies and
was established in 1955 to conserve critical wetland and grassland habitats. Quivira plays a key
role in the Central Flyway by providing stopover, nesting, and resting habitat for hundreds of
migratory bird species. This includes waterfowl, shorebirds, and several threatened species.
Shorebirds specifically rely on its unique and rare inland saltwater marshes, as it provides habitat
similar to that of coastal plains (Ramsar Sites Information Services, 2002). Because of its
combination of managed wetlands, inland salt marsh, and native prairie, the FWS identifies
Quivira as one of the most important inland wetland conservation areas in the Great Plains.
Because prairie thunderstorms deliver rainfall erratically across the landscape, Quivira and the

nearby Cheyenne Bottoms Ramsar site rarely experience drought or flood conditions
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simultaneously, providing shorebirds with at least one suitable stopover site at nearly any point

during migration (Ramsar Sites Information Services, 2002).

Cheyenne Bottoms is a 41,000 acre wetland complex located northeast of Great Bend,
Kansas (The Nature Conservancy, 2026a). The Kansas Department of Wildlife and Parks
(KDWP) manages the low-lying area, the Cheyenne Bottoms Wildlife Area (The Nature
Conservancy, 2026a) while the adjacent upland area, the “Cheyenne Bottoms Preserve”, is
managed by The Nature Conservancy (TNC). The Cheyenne Bottoms Wildlife Area has been
extensively modified using the site using dikes, canals, dams, and pump stations to control water
levels by diverting water from the Arkansas River and nearby streams. The KDWP explains that
this infrastructure allows managers to create and maintain marsh pools that support wetland
conditions. The KDWP’s primary management objective at Cheyenne Bottoms is to provide
diverse freshwater marsh habitat for migratory waterfowl and shorebirds by supplying food,
water, and resting areas while also supporting nesting habitat through active water and vegetation
management (Kansas Department of Wildlife and Parks, 2026). Meanwhile, TNC states the
upland areas in the Cheyenne Bottoms Preserve, which are mostly rangeland and cropped areas,

are managed for stopover habitat for migrating shorebirds (The Nature Conservancy, 2026a).

Ogallala Aquifer and the Rattlesnake Creek Watershed

The Ogallala Aquifer plays a critical role in sustaining the broader water systems of
Kansas, including the stream and wetland environments that depend on groundwater
connectivity. The aquifer underlies over 100 million acres of the Great Plains. This includes the

States Wyoming, South Dakota, Nebraska, Colorado, New Mexico, Texas, Oklahoma, and



Kansas where over a million people depend on it as personal and industrial water supply (Steiner

etal., 2021).

In addition to use by humans, creeks and streams rely on the groundwater supplied by the
Ogallala Aquifer to feed them during times of low precipitation and drought because they cannot
be sustained by surface water alone. These same stream corridors and riparian zones are known
to support wetland habitat across the Great Plain region (Yamazaki and Suhr Pierce, 2024).
When water levels decline, this baseflow function erodes. Minimum desirable streamflow limits
were established in Kansas following legislation passed in 1984, reflecting early recognition that
aquifer drawdown threatened not just irrigation but the surface water systems, and by extension

the wetland ecosystems tied to those streams (Steiner et al., 2021).

Kansas has developed sophisticated policy tools in its Ogallala region to slow depletion
of the aquifer, and some of those efforts have direct implications for wetland-adjacent water
sources. The Ogallala will become more difficult to manage as summers become hotter. This
leads to increased demand for water from the aquifer, effectively exceeding its recharge rate, and
creating a trajectory that puts both agricultural water supplies and wetland ecosystems that
depend on a connected groundwater system under growing stress (Yamazaki and Suhr Pierce,
2024). Efforts are being made to extend the life of the aquifer and they require management
strategies that account for the broader ecological connections and close collaboration between

stakeholders, state and federal agencies, and universities (Taghvaeian et al., 2016).

Rattlesnake creek occupies a vulnerable position within the High Plains Aquifer system.
Unlike most streams in the region, which are intermittent, Rattlesnake Creek functions as what

the Kansas Geological Survey describes as effectively the “drain or overflow spillway” from the
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underlying aquifer, historically running as a perennial stream from just north of St. John to its
bend near Little Salt Marsh (Sophocleous and McAllister, 1990a). The characteristic of being
groundwater fed makes it part of the Great Bend Prairie component of the High Plains Aquifer.
This distinct subregion has shallower water tables, high permeability dune sand geology, and
natural recharge rates that are already smaller than withdrawal rates (Sophocleous and
McAllister, 1990a; Natural Resources Conservation Service, 2025). What makes the watershed
particularly unusual is the presence of Permian “red bed” formations at depth, which have no
effective barrier separating them from the overlying freshwater aquifer east of Highway 281.
This allows ancient saltwater bines to migrate upward and mix with the fresh groundwater that
supplies the creek (Sophocleous and McAllister, 1990b; Natural Resources Conservation
Service, 2025). This means that, as agricultural pumping draws down the aquifer, it does not
merely reduce streamflow, but it alters the salinity balance in the creek itself since lower flows
concentrate chloride loads. The lower flows upset the brackish and freshwater gradient the
downstream depends on. By 2020, the modeled baseflow had already fallen dramatically from
the 30-60 cubic feet per second typical in the 1940s and 1950s, and projections showed a decline
to nearly 0 by 2075 if current pumping trends continue (Natural Resources Conservation Service,

2025).

The downstream consequence of Rattlesnake Creek’s decline falls mostly on Quivira
Wildlife Refuge, whose ecological integrity depends entirely on the creek as its primary surface
water source. Quivira’s salt marshes form a wetland complex that is hydrologically connected to
both area groundwater and Rattlesnake Creek, and freshwater inputs from the creek are critical
for moderating the naturally brackish salinity driven upward from the Permian bedrock below

the refuge (Sophocleous and McAllister, 1990b; Natural Resources Conservation Service, 2025).
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The Nature Conservancy explains that the water stops flowing aboveground in the creek when
the aquifer drops too low and this puts the salt marshes at risk of drying up entirely (The Nature
Conservancy, 2026b). Because Quivira is designated as a Ramsar Wetland of International
Importance, a Globally Important Bird Area, and a Western Hemisphere Shorebird Reserve
Network site, and supports a large number of migratory birds annually, the risk of habitat loss is
especially detrimental (Natural Resources Conservation Service, 2025; The Nature Conservancy,
2026b). The U.S. Fish and Wildlife Service holds a senior right entitling the refuge to up to
14,632 acre—feet per year from the creek; however, state investigations confirmed this right was
regularly impaired by upstream junior groundwater pumping. The impairment exceeded 3,000
acre—feet per year in 18 separate years between 1974 and 2007 alone (Natural Resources

Conservation Service, 2025).

Wetland Delineation Criteria

Wetland definitions (USACE 1987)

Wetlands in the United States are afforded federal protection through two complementary
regulatory frameworks: Section 404 of the Clean Water Act (CWA) and the Wetland
Conservation provisions of the Food Security Act, commonly known as “Swamp buster” (US
EPA, 2013, 2015). Enacted in its modern form in 1972, the CWA establishes the foundational
structure for regulating discharges of pollutants into waters of the United States, prohibiting the
discharge of dredged or fill material into wetlands without a permit issued through the U.S.
Army Corps of Engineers. The Swamp buster provisions, added through the Food Security Act
of 1985, complement this regulatory framework by withholding federal farm program benefits
from producers who convert or modify wetlands for agricultural use (Glaser, 1986). Together,
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these programs reflect a national policy commitment to reducing wetland loss and maintaining
the chemical, physical, and biological integrity of the nation's waters. The practical
implementation of these protections, however, depends on the consistent and accurate
identification of wetlands in the landscape. This task is carried out through standardized
delineation methods developed and overseen by the USACE, USDA- NRCS, and Environmental

Protection Agency (EPA).

The U.S. Army Corps of Engineers defines wetlands as areas that are inundated or have
water-saturated soils frequently and for long enough periods to support vegetation adapted to wet
conditions (U.S. Army Corps of Engineers, 1987). According to the USACE, wetlands typically
support plant communities that tolerate low-oxygen soils and include ecosystems such as

swamps, marshes, bogs, and similar environments.

Three parameter approach: hydrophytic vegetation, hydrology, hydric soils

The USACE requires delineators to evaluate three parameters when identifying wetlands:
hydrophytic vegetation, hydric soils, and wetland hydrology. According to the USACE Wetlands
Delineation Manual, a site must generally exhibit all three parameters to qualify as a wetland.
This three-parameter approach provides a standardized and defensible method for wetland

delineation across a wide range of environmental settings.

Hydrophytic vegetation is defined by the USACE (1987) as plant communities
dominated by species adapted to grow and persist in saturated, anaerobic soil conditions. In
interdunal wetlands, these communities commonly include grasses, sedges, rushes, and other

species that tolerate fluctuating water tables. Although plant community composition in dune
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systems may shift seasonally, the Michigan Natural Features Inventory (2010) explains that the
dominance of wetland-adapted species indicates the presence of hydrophytic vegetation, even in

environments with variable moisture regimes.

The National Technical Committee for Hydric Soils (NTCHS) defines hydric soils as
soils that form under conditions of saturation, flooding, or ponding long enough during the
growing season to create anaerobic conditions in the upper part of the soil profile (USDA-NRCS,
2026). In interdunal wetlands, hydric soil indicators may include gleyed soil colors,
redoximorphic features, and evidence of reduced iron and manganese. These features develop as
groundwater periodically intersects the soil surface in interdunal depressions. According to the
USACE (1987), hydric soils provide persistent evidence of long-term wetland conditions, even

when surface water is absent at the time of observation.

The USACE describes wetland hydrology as the presence of inundation or saturation at
or near the soil surface either permanently or periodically during the growing season. In
interdunal wetlands, hydrology is typically controlled by fluctuating groundwater levels rather
than frequent surface flooding, which results in alternating wet and dry conditions. The Michigan
Natural Features Inventory notes that indicators such as soil saturation, landscape position within
dune depressions, and the presence of standing water during wet periods support the
identification of wetland hydrology in these systems (Michigan Natural Features Inventory,

2010).

Together, the USACE wetland definition and three-parameter approach provide a
comprehensive framework for identifying and delineating interdunal wetlands within MLRA 79.

Rather than relying on the constant presence of surface water, this framework emphasizes the
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interaction among fluctuating hydrology, wetland-adapted vegetation, and soil conditions shaped
by repeated saturation and anaerobic processes. While hydrophytic vegetation and wetland
hydrology may vary seasonally in interdunal settings, hydric soils remain particularly valuable
because they record long term hydrologic conditions and persist during dry periods. For this
reason, the following section focuses more closely on hydric soils and their role in wetland

delineation within interdunal wetlands of the Great Bend Sand Plains.

Hydric Soils in Interdunal Wetlands

While all soil-forming factors influence soil development, Berkowitz et al. (2021a)
emphasizes that hydric soils respond most strongly to the hydrologic regime, particularly the
duration and frequency of saturation. Soil redox potential decreases under sustained wet
conditions, which promotes the reduction of iron and manganese. According to the National
Technical Committee for Hydric Soils (USDA-NRCS, 2026), these reduction processes produce
distinctive soil colors and morphological features that serve as observable evidence of long-term
wetland hydrology. Typically, a duration of saturation of 14 days or longer is required for soil

redox features to form.

In sandy landscapes like interdunal wetlands, the Conservation Effects Assessment
Project and United States Natural Resources Conservation Service (2020) explains that
hydroperiod duration is strongly influenced by soil texture, permeability, and landscape position.
In the wet sub-irrigated Ecological Site Description (ESD) (USDA-NRCS, 2018), it is
highlighted that these interdunal soils and the surrounding upland landscapes exhibit high
infiltration rates, moderate to rapid permeability, and limited water-holding capacity, all of

which promote rapid drainage following precipitation events. Further, Neff et al. (2020) stated
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that shifts in the regional water table can rapidly transition interdunal soils from recharge areas to
discharge areas. As a result, these interdunal soils can be frequently saturated, but often for only
short durations, limiting the development of anaerobic conditions. Smith et al. (1995)
emphasizes that hydric soil development depends not only on the occurrence of saturation, but
also on how long and how consistently saturation persists. It is explained that anaerobic
conditions must be maintained long enough for microbial respiration to exhaust available oxygen
and allow reduction reactions to proceed. It is added that short or infrequent saturation events
may wet the soil profile but do not persist long enough to produce stable redoximorphic features.
In sandy, interdunal environments, rapid drainage and reoxygenation could interrupt reduction
processes, limiting the transformation and redistribution of iron needed to form diagnostic hydric

soil morphology.

Smith et al.(1995) further explains that redoximorphic features reflect the cumulative
effects of repeated or prolonged wetting and drying cycles rather than isolated hydrological
events. When saturation persists for extended periods during the growing season, microbial
activity can consistently reduce iron, allowing these features to develop and stabilize within the

soil profile.

Interdunal wetlands represent a specific type of seasonally ponded, depressional wetland
system that shares the foundational hydrological and pedological characteristics described for
seasonally ponded soils broadly. Both perch water above a restrictive subsurface clay layer and
experience seasonal fluctuations in water availability. In interdunal wetlands specifically, this
hydrology is controlled by infiltration of surface water through a sandy mantle to an underlying

paleo terrace high in clay that causes water to perch and move laterally (USDA-NRCS, 2025a).
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Like seasonally ponded soils generally, interdunal wetlands are internally vulnerable to organic
matter limitations, sediment aggradation from surrounding uplands, and the suppression of
microbial activity during dry periods, all of which reduce the likelihood of redoximorphic feature
development and complicate hydric soil identification (USDA-NRCS, 2025b). Additionally,
interdunal wetlands can function as flow-through systems where water is gained from
groundwater sources on one side and exported on the opposite side of the wetland cell, which
may further limit the residence time of reduced iron in the profile and reduce the opportunity for

hydric soil morphology to develop (USDA-NRCS, 2025a).

Sandy Soils and Field Indicators of Hydric Soil

The National Technical Committee for Hydric Soils (NTCHS) developed field indicators
of hydric soils to facilitate identification of hydric soils for wetland delineation (USDA-NRCS,
2026). These indicators include A-indicators for all soils, S-indicators for sandy soils, and F-
indicators for fine soils. The sand indicators were developed specifically for mineral soil layers

with textures of loamy fine sand or coarser (Vepraskas, 2013).

The geographic area where a given field indicator can be applied is defined using Land
Resource Regions and Major Land Resource Areas (MLRA), because pedogenic processes and
morphology differ with climate, parent materials, and other regional factors (Berkowitz et al.,
2021). The geographic framework is relevant to sandy wetland systems because the applicability
of any given S-indicator is not universal, and the NTCHS acknowledges that some hydric soils
lack an approved field indicator entirely as stated by Berkowitz et al (2021). As Vepraskas
(2013) notes, some field indicators can be used nationwide, while others are restricted to certain

regions. Current NTCHS guidance also states that if a soil fails to meet at least one field
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indicator, that site could still contain a hydric soil, but does not have a currently recognized field

indicator.

There are 11 S-indicators included in the Field Indicators of Hydric Soils in the United
States (USDA-NRCS, 2026). Many S-indicators include strict depth requirements, often
requiring that features occur within 15 cm (6 inches) of the soil surface, and some specify
minimum thicknesses or percentages of redox concentrations (Vepraskas, 2013). The USDA-
NRCS (2026) explains these criteria reflect the expectation that hydric soil processes in sandy
soils are typically confined to shallow depths due to having a thinner capillary fringe than finer
textured soils. However, because sandy soils drain rapidly and reoxygenate quickly, the redox
features used to meet these indicators are often weak, discontinuous, or difficult to observe

during field evaluations.

The USDA-NRCS (2026) further notes that the inherently subtle nature of redox
expression in sands complicates the application of S-indicators. Sandy soils generally contain
fewer iron oxide coatings and lower organic matter content, which limits the amount of reducible
material available to form visible redoximorphic features (Vepraskas et al., 2002; Vepraskas,
2013). In addition, redox concentrations in sandy soil often appear as faint pore linings or diffuse
masses that may only become visible after partial drying. When investigators observe soils while
they are fully saturated, reduced iron may remain in solution, and redox features may not yet be

apparent, increasing the risk of misclassification.

The USDA-NRCS (2025b) cautions that misapplication of S-indicators can occur when

investigators evaluate sandy soils using criteria intended for loamy or clayey soils or when they
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expect strong redox patterns characteristic of F indicators. Loamy and clayey soils retain water
longer, restrict oxygen diffusion, and sustain anaerobic conditions that promote pronounced
redox depletions and concentrations (Vepraskas et al., 2002; Vepraskas, 2013). In contrast, sandy
soils often meet hydric conditions through frequent but short-duration saturation events that do
not consistently produce strong morphological signatures (Vepraskas et al., 2002). The USDA-
NRCS(2025b) explicitly acknowledges that, under these conditions, hydric soils in sandy
landscapes may fail to meet any approved indicator despite functioning hydrologically as

wetlands.

Overall, the NRCS emphasizes that S-indicators are more difficult to apply than
indicators for finer-textured soils because they rely on subtle and sometimes transient features
that require careful observation and experience to interpret accurately (Vepraskas, 2013). These
challenges are especially pronounced in interdunal wetlands, where sandy parent materials,
fluctuating water tables, and rapid drainage limit the persistence and visibility of redoximorphic
features (Vepraskas et al., 2002). Understanding both the intent and limitations of sandy soil
indicators is essential for accurate wetland delineation and for interpreting apparent indicator

failure in sandy wetland systems.

Impact of Sandy Textures on Redoximorphic Feature Development

Within MLRA 79, the specific sites of interest; Pfister, Kramer East, and Kramer West,
fall within the Wet Sub-irrigated Ecological Site Description (USDA-NRCS, 2018). The
Wet Sub-irrigated ecological site is characterized by poorly drained soils with a seasonal or
perennial high water table occurring within two feet of the surface, which typically results in

ponding or flooding on site. This site is located on floodplains and interdunes and occurs on level
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to nearly-level eolian and alluvial lands, usually adjacent to major streams. The influencing
water features on this ecological site include a seasonal or perennial water table that occurs less
than two feet from the surface, which governs the kinds and amounts of vegetation present and
distinguishes the site from other ecological sites in the MLRA.

The soils of this ecological site are characterized as deep and loamy, and formed in
alluvium or eolian deposits over alluvium (USDA-NRCS, 2018). The interdunal depressions in
which the study sites are situated form as low-lying topographic positions between stabilized
sand dunes, where runoff from precipitation events accumulates and groundwater

influence maintains consistently elevated soil moisture conditions throughout much of the year.

According to Vepraskas et al. (2018), redoximorphic features form through predictable
biogeochemical reactions that occur when soils become saturated and oxygen is depleted. They
describe how microbial respiration rapidly consumes oxygen in water-filled pores, forcing
microorganisms to sequentially use alternative electron acceptors under highly reduced
conditions in a well-defined order. Oxygen (O:) is reduced first, followed by nitrate (NOs"),
manganese oxides (Mn*"), iron oxides (Fe*"), sulfate (SO.>"), and finally carbon dioxide (CO>). It
is emphasized that the reduction of manganese and iron is especially important for hydric soil
identification because these reactions produce visible redoximorphic features, such as iron

depletions and concentrations, which serve as Field Indicators of Hydric Soils.

Vepraskas et al. (2018) also notes that the expression of redoximorphic features depends
strongly on soil texture and physical structure. In fine-textured soils, small pore sizes slow
drainage and restrict oxygen diffusion, allowing anaerobic conditions to persist long enough for

iron and manganese reduction to occur repeatedly. It is further explained that fine-textured soils
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typically contain higher organic matter content and more iron oxide coatings, which support
microbial activity and provide sufficient reducible iron to form distinct and stable redox patterns.
As a result, Vepraskas and colleagues report that fine-textured soils commonly exhibit well-
developed gleyed matrices, iron depletions, and redox concentrations that are readily identified

during field delineations.

Impacts of Salinity and Alkalinity on Redoximorphic Feature Development

Salinity

Salinity refers to the total content of soluble salts in the soil or their concentration in the
soil solution (Tang et al., 2021). The major cations found in saline soils include Na*, Ca?", Mg*",
and K*, while the primary anions of concern are Cl-, SO+*, HCOs~, COs*", and NOs~ (Sparks et
al., 2024). In arid and semiarid regions, carbonates, gypsum, and soluble salts accumulate in soils
because mineral dissolution products are concentrated via the evapotranspiration of water, and
salts may be derived from the dissolution of soluble salts in salt-bearing sedimentary rocks or
from the evapoconcentration of the weathering products of minerals in igneous, metamorphic, or

nonsaline sedimentary rocks (Boettinger, 1997).

Salt-affected soils are most found in arid and semiarid climates where evapotranspiration
exceeds precipitation, preventing the leaching of soluble salts from the soil profile (USDA-
NRCS, 2026). Salinity is most frequently measured using electrical conductivity (EC) of a
saturated paste extract (ECe), with soils having an ECe greater than 4 dS/m classified as saline
(Fidel, 2025). In saline soils, soluble salt minerals present include halite (NaCl), thenardite
(Na2S0a), mirabalite (Na.SO4 - 10 H20), bloedite [Na2Mg(SOa): - 4 H20], and other Na and Mg

sulfates, carbonates, and bicarbonates (Boettinger, 1997).
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Secondary salinization caused by human activities, including irrigation with poor-quality
water, excessive groundwater extraction, inadequate drainage, and overuse of fertilizers, is
present in approximately 20% of irrigated land worldwide and poses a major concern for global
food production (Sparks et al., 2024; Tarolli et al., 2024). The effects of salinity on soils and
their morphological processes are numerous. Salinity influences soil structure, limits the
accumulation of soil organic matter, and restricts plant growth (Tang et al., 2021). It was found
that the proportion of water-stable macroaggregates (0.25—2 mm) increased with rising salt
content in both silt loam and silty clay soils. They attributed this to salt in the soil solution
promoting clay flocculation, which increased cohesion among primary particles to form
microaggregates (Tang et al., 2021). Tang et al. (2021) also observed that saturated hydraulic
conductivity in silt loam increased alongside macroaggregate proportions, as greater
macroaggregate content created larger soil pores and improved overall permeability. Beyond
structural effects, salt accumulation drives key morphological soil processes: as Na* becomes the
dominant cation in the soil solution, Ca*>" and Mg?" may precipitate as CaSO4, CaCOs, and
CaMg(CO:s)., causing Na' to replace them on the exchanger phase and progressively altering the

soil's cation composition (Sparks et al., 2024).

In highly saline systems, redoximorphic features are either lacking, poorly expressed, or
occur only in the lower parts of pedons, as high pH environments common in saline soils
containing calcium carbonate require lower redox potentials for the reduction of Fe and Mn, and
the presence of redoximorphic features may be masked by carbonates, gypsum, and soluble salts
(Boettinger, 1997). Additionally, salinization results in the mobilization of soluble salts through
the soil profile, which can cause land and water degradation and promote the release and

solubilization of heavy metals such as Cd into solution, while leaching of salts from the root
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zone produces saline drainage waters that can contaminate surface and groundwater (Sparks et

al., 2024)

Alkalinity

Soil alkalinity is generally defined by a pH greater than 7, though soils with pH between
7 and 8 produce limited constraints for plants; soils with pH above 8 are considered truly
alkaline. Bicarbonate and carbonate ions dominate in alkaline soils with pH above 8, and these
are related to carbonate alkalinity (Rengasamy et al., 2022). Very alkaline environments with pH
at or above 9 develop when concentrations of bicarbonate and carbonate species in solution are
higher than calcium and magnesium concentrations, with soil solutions dominated by sodium
and potassium (Rengasamy et al., 2022). The specific constraints in alkaline soils with pH
between 8.5 and 10 vary by pH value: bicarbonate toxicity may prevail between pH 8 and 9,
while carbonate toxicity dominates above pH 9; iron deficiency may be a problem when pH is
between 8 and 9, while iron toxicity can occur above pH 9; and aluminum toxicity can be a
problem when soil pH increases above 9 due to the formation of soluble anionic aluminate
species (Rengasamy et al., 2022). Rengasamy et al. (2022) states that with increasing pH,
monovalent ions, particularly sodium, increase in soil solution while concentrations of divalent
calcium and magnesium decrease, leading to high clay dispersivity and soil structural
degradation, which renders subsoil susceptible to transient waterlogging and anoxic conditions.
Alkaline soils also sequester less organic carbon, with high pH being responsible for increased

dissolved organic carbon and reduced microbial activity.

Alkalinity poses significant challenges to the development of redoximorphic features

used to identify hydric soils. High pH environments require lower redox potentials for the
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reduction of iron and manganese, and if chemically reduced, free ferrous iron and divalent
manganese may not be chemically stable phases in alkaline soils (Boettinger, 1997; USDA-
NRCS, 2025b). As a result, identifiable iron or manganese features may not readily form in

saturated alkaline soils (USDA-NRCS, 2025b)

Additionally, alkalinity can be detrimental to microorganisms or can induce nutrient
deficiencies, and barren or sparsely vegetated areas populated by halophytes, which are common
in alkaline settings, can limit the supply of organic carbon and nitrogen to soil microorganismes,
thus limiting the potential for microbial activity and chemical reduction during periods of

saturation (Boettinger, 1997; USDA-NRCS, 2025b).

The presence of redoximorphic features may also be masked by carbonates, gypsum, and
soluble salts (USDA-NRCS, 2025b). Boettinger (1997) further noted that Aquisalids and related
wet soils did not show a positive reaction to alpha-alpha-dipyridyl regardless of season,
indicating a lack of reduced iron, and that redoximorphic features in many saline-alkaline and
wet desert soils are either lacking, poorly expressed, or occur only in the lower parts of the soil
profile. In the absence of a recognized hydric soil indicator due to high pH, Miller et al. (2025b)
recommend thoroughly documenting soil conditions including pH alongside landscape position,

vegetation, and evidence of hydrology as rationale for identifying a soil as potentially hydric.
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Field Instruments and Surveys according to the Hydric Soil Technical
Standard and USACE Wetland Delineation Manual

USACE Wetland Delineation Manual and the Hydric Soil Technical Standard

The USACE Wetland Delineation Manual (1987) was developed by the Environmental
Laboratory of the U.S. Army Engineer Waterways Experiment Station as a product of the
Wetlands Research Program, with the work sponsored by the Office of the Chief of Engineers,
U.S. Army. The manual was produced to provide users with guidelines and methods to
determine whether an area is a wetland for purposes of Section 404 of the Clean Water Act,
which authorizes the Secretary of the Army, acting through the Chief of Engineers, to issue
permits for the discharge of dredged or fill material into the waters of the United States,

including wetlands (U.S. Army Corps of Engineers, 2010b).

The manual describes technical guidelines and methods using a multi-parameter approach
to identify and delineate wetlands, requiring positive evidence of hydrophytic vegetation, hydric
soils, and wetland hydrology for a determination that an area is a wetland (U.S. Army Corps of
Engineers, 2010b). Although the manual was initially approved for voluntary use for a trial
period of one year, its use to identify and delineate wetlands potentially subject to regulation
under Section 404 subsequently became mandatory. Because the national manual could not
adequately address regional differences in climate, geology, soils, hydrology, and plant and
animal communities, a series of Regional Supplements were later developed to improve the
accuracy and efficiency of wetland delineation procedures. The Great Plains Regional
Supplement, applicable to all or portions of 11 states including Kansas, was developed at the

request of USACE leadership following National Academy of Sciences recommendations to
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increase the regional sensitivity of wetland delineation methods (U.S. Army Corps of Engineers,

2010b).

Despite its central role in wetland regulation, the manual and the delineation process it
prescribes carry well documented limitations. The methods for determining the wetland border
are not intended to result in highly detailed resolution, and wetland delineation methods establish
the location of the wetland border based on experience and best professional judgment that
involves the application of metrics that can be subjective in nature (Kriegner et al., 2015). Often,
the difference between a soil meeting or not meeting the hydric criteria is dependent on a single
shade difference on the Munsell Soil Color Chart, which is subject to field conditions at the time
of the assessment and the subjectivity and experience of the delineator (Kriegner et al., 2015).
Time constraints further compound these methodological issues. Field delineations are often
completed within a short period of time without the benefit of long-term studies or observation
of seasonal trends in hydrology and vegetative maturity that could help establish more precise
wetland boundaries according to Kriegner et al. (2015). The Great Plains Regional Supplement
itself acknowledges the persistence of difficult delineation situations in the region, including
problematic hydric soils with faint or no indicators, wetlands that periodically lack indicators of
wetland hydrology, and wetland/non-wetland mosaics that present challenges to clear boundary

determination (U.S. Army Corps of Engineers, 2010b).

At the national mapping scale, a variety of factors can influence the accuracy and
precision of three-factor delineations, including difficulty correctly identifying wetland plants
outside of the growing season and hydrology indicators that can be unreliable in dry seasons for

wetland types with intermittent or ephemeral hydrologic regimes, such as vernal pools, playas, or
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wet meadows (Gage et al., 2020). This is where the Hydric Soil Technical Standard (HSTS)

comes into play.

The U.S. Army Corps of Engineers wetland delineation manual and its ten regional
supplements serve as the operational framework for field-based wetland delineation, relying on
the three-factor approach of hydric soils, hydrophytic vegetation, and wetland hydrology to
establish jurisdictional wetland boundaries (Berkowitz et al., 2021b; USDA-NRCS, 2026) while
the field indicators within those supplements function as readily observable, morphology-based
proxies for determining hydric soil status at a given location, with the soil descriptions used in
HSTS studies considered equivalent to soils data collected as part of a wetland delineation

(Berkowitz et al., 2021b; USDA-NRCS, 2025c¢).

The HSTS, by contrast, provides the quantitative, evidence-based backbone behind those
field indicators rather than relying on observable soil colors and redoximorphic features alone.
The HSTS requires direct measurement of three technical criteria; anaerobic conditions,
saturation within 25 cm of the soil surface for at least 14 consecutive days, and confirmation that
those conditions occurred during a period of normal or drier than normal precipitation when soil
microbes are active (Berkowitz et al., 2021b; USDA-NRCS, 2025¢). Where the regional
supplements and FTHS guide rapid field identification suitable for delineation purposes, the
HSTS documents whether a soil currently functions as a hydric soil but does not address the
historical conditions under which it formed, and critically, it is not designed to overrule or

invalidate a hydric soil determination already supported by an approved field indicator.

The two frameworks are considered complementary. Data collected according to the

HSTS are required to support any proposed additions, deletions, or changes to the field indicators
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themselves, with a minimum of three paired hydric and nonhydric study areas required for
NTCHS consideration of any such changes (Berkowitz et al., 2021b; USDA-NRCS, 2025c¢),
meaning the USACE regional supplements and the FIHS ultimately depend on the HSTS as the
scientific mechanism by which their morphological criteria are validated, refined, and expanded
over time, as explicitly stated in the data submission requirements outlined in the FIHS (USDA-

NRCS, 2026) guidance for proposing indicator revisions.

Hydrophytic Vegetation Survey

Hydrophytic vegetation surveys are a required component of wetland delineation in the
United States, wherein a plot is determined to be within a wetland if it meets criteria for each of
three parameters: hydric soils, wetland hydrology, and hydrophytic vegetation (U.S. Army Corps
of Engineers, 1987). For vegetation to be considered hydrophytic, more than 50% of the
dominant vegetation must consist of wetland species, a determination made by combining
abundance measurements with the wetland indicator status ratings assigned to each species
present (U.S. Army Corps of Engineers, 1987; Lichvar et al., 2011). Wetland indicator status
ratings are obtained from the National Wetland Plant List (NWPL) and include five categories:
obligate (OBL), facultative wetland (FACW), facultative (FAC), facultative upland (FACU), and
upland (UPL), with OBL, FACW, and FAC species considered hydrophytes for delineation
purposes (Lichvar et al., 2011; Photos et al., 2019). Vegetation may be assessed using plots,
transects, or points as sampling units, with cover and frequency being the two most common

metrics used to evaluate vegetation composition and abundance (Gage et al., 2020).

The two primary methods used to make hydrophytic vegetation determinations are the

Prevalence Index (PI) and the Dominance Ratio (DR); a third method, the Facultative-Neutral
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Dominance Ratio (FN-DR), is also described in delineation manuals, and a fourth method, the
Hydrophytic Cover Index (HCI), has been proposed by the National Technical Committee for
Wetland Vegetation (Lichvar et al., 2011; Photos et al., 2019). The Prevalence Index is a
weighted average calculated by summing the total percent cover of all species in each wetland
indicator category across strata, multiplying each category by its assigned indicator value, and
dividing by the total cover of all plant species. Plots with Prevalence Index values of 3.0 or less

are considered hydrophytic (Lichvar et al., 2011; Photos et al., 2019).

The Dominance Ratio is calculated by identifying dominant species in each stratum using
the 50/20 rule, tallying the number of dominant hydrophytes and total dominants across strata,
and dividing the former by the latter. Plots with Dominance Ratio values greater than 50% are
considered hydrophytic (Lichvar et al., 2011; Photos et al., 2019). The Facultative-Neutral
Dominance Ratio is calculated in the same manner as the Dominance Ratio but omits Facultative
species before tallying, dividing the number of obligate and facultative wetland dominants by the
total number of obligate, facultative wetland, facultative upland, and upland dominants (Lichvar
et al., 2011). The Hydrophytic Cover Index is an unweighted index calculated by summing the
cover of all hydrophytic species (obligate through facultative) and dividing by the cover of all
species, multiplied by 100. Plots with Hydrophytic Cover Index values greater than 50% are

considered hydrophytic (Photos et al., 2019).

Shallow Wells and Water Level Loggers

The USACE emphasizes that wetland hydrology is often the least exact of the three
parameters, and that indicators of wetland hydrology are sometimes difficult to find in the field

(U.S. Army Corps of Engineers, 1987). Water table position varies with hydrologic zone. Areas
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that are inundated or saturated to the surface for as little as 5% of the growing season may
qualify as wetlands, meaning that surface water may be absent for much of the year even in

functioning wetland areas according to the USACE Wetland Delineation Manual.

In scenarios where standard field indicators are absent, such as in problematic or
undeveloped soils, or when submitting data to NTCHS to propose additions or changes to
existing hydric soil indicators, documenting soil saturation with shallow wells or piezometers
may be necessary (USDA-NRCS, 2025¢). Shallow wells and piezometers play a direct role in
documenting wetland hydrology because saturated water flows into these instruments, providing

a measurable record of water-table position within the soil profile (USDA-NRCS, 2025c).

The NTCHS requires that saturation be documented within the upper 25 cm of the soil
profile for at least 14 consecutive days during a period of normal or drier than normal
precipitation to meet the Hydric Soil Technical Standard (USDA-NRCS, 2025¢). Saturation at
these shallow depths drives the anaerobic conditions responsible for the redox processes that
produce hydric soil morphological features. The HSTS requires that both saturation and

measurable anaerobic conditions be documented concurrently (USDA-NRCS, 2025¢).

Sprecher (2008) provides guidance on well design for documenting shallow saturation
relevant to wetland regulatory studies, recommending 15 inch deep wells and noting that this
depth addresses regulations implementing the Federal Clean Water Act while reducing
uncertainty about bypass flow and lag time at depths critical for wetland definitions. It is further
noted that short term surface wetting does not necessarily represent the sustained saturation
captured by monitoring wells. Bypass flow, where precipitation short circuits natural infiltration

and travels down the annulus around the well riser, can produce erroneous early responses in

27



well data that do not reflect true subsoil saturation, and bentonite seals are used to minimize this
problem. Automatic recording devices, such as pressure transducers, are the preferred method for
monitoring water levels because they allow high frequency data collection and enhance the
credibility of monitoring records by capturing rapid changes in water table depth (Sprecher,

2008)

IRIS films

Indicator of Reduction in Soils (IRIS) devices are tools developed to document anaerobic
soil conditions that are critical for hydric soil identification and wetland assessment (Park and
Rabenhorst, 2018; Sapkota et al., 2022). IRIS devices consist of iron oxide or manganese oxide
paints applied onto a durable substrate, initially PVC pipes but more recently including plastic
films, sheets, and other materials (Sapkota et al., 2022). The film format involves a flexible
painted film inserted into the soil within a polycarbonate carrying tube; when retrieved, the film
can be laid flat and scanned or photographed for analysis (Park and Rabenhorst, 2018; Sapkota et
al., 2022); (Park and Rabenhorst, 2018). Under anaerobic conditions, the redox active oxide paint
is chemically reduced and translocated, resulting in visible removal of the coating from the
device surface that can be assessed through visual estimation, grid evaluation, or digital image
analysis (Sapkota et al., 2022). Unlike point-in-time measurements such as platinum electrodes
or a,0’-dipyridyl dye, IRIS devices reflect integrated environmental conditions over space and
time (Sapkota et al., 2022; USDA-NRCS, 2025¢). To confirm anaerobic conditions under the
Hydric Soil Technical Standard (HSTS), a minimum of three of five IRIS devices must display at
least 30 percent iron removal from a zone 15 cm or more thick beginning within 15 cm of the

soil surface (Sapkota et al., 2022; USDA-NRCS, 2025¢).
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The scientific basis of IRIS devices rests on fundamental soil redox chemistry. When
soils remain saturated long enough for microbial respiration to deplete dissolved oxygen, redox
potentials decline and microbes use alternative electron acceptors in a predictable sequence, with
manganese and then iron oxides reduced at successively lower redox potentials (Sapkota et al.,
2022). This same process of iron and manganese reduction, translocation, and oxidation
underlies the formation of redoximorphic features used to identify hydric soils in the field,
including redox depletions and concentrations whose type and distribution reflect the duration
and depth of water saturation (Vepraskas et al., 2018). Manganese-coated IRIS devices respond
under more weakly reducing conditions than iron-coated devices, providing a proxy measure
closer to the zone of oxygen depletion (Sapkota et al., 2022). Park and Rabenhorst (2018)
demonstrated in a mesocosm study that manganese paint removal was more rapid and extensive
than iron paint removal, with at least 80 percent manganese removal after one week while iron
removal remained negligible for the first two weeks, and that soil organic carbon content

influenced the rate of iron paint removal (Park and Rabenhorst, 2018).

In naturally-occurring problematic soils, including those with high chroma parent
materials, low organic carbon, low iron content, or high alkalinity, characteristic redoximorphic
features may not develop even when saturation and anaerobic conditions occur which limits the
utility of morphological field indicators (Berkowitz and Sallee, 2011). In these situations, IRIS
devices provide a direct measure of active reducing conditions that complements or substitutes
for morphological evidence (Berkowitz and Sallee, 2011; Sapkota et al., 2022). Berkowitz and
Sallee (2011) demonstrated this in a field study of high chroma sandy soils, dark sandy soils, and
marl soils in Michigan that did not meet approved field indicators, finding average iron removal

of 74 percent in wetland plots compared to 4.8 percent in adjacent uplands, with ten of eleven
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sites meeting the HSTS during periods of normal or drier than normal rainfall as assessed using
the Direct Antecedent Rainfall Evaluation Method (Berkowitz and Sallee, 2011). Those authors
specifically noted that high chroma sandy soils in interdunal wetlands and dune and swale
complexes represent a persistent delineation challenge because matrix chroma requirements are
not met despite the presence of reducing conditions and adequate hydrology, and that the HSTS
framework applied alongside IRIS devices and groundwater monitoring provided an effective

approach for documenting hydric soil conditions in these settings (USDA-NRCS, 2025¢).

Precipitation Normality

Sprecher and Warne (2000) and Sumner et al. (2009) describe the Direct Antecedent
Rainfall Evaluation Method (DAREM) and Climate Analysis for Wetlands (WETS) tables as
tools used to determine whether precipitation conditions during a wetland or hydric soil
investigation reflect typical climate patterns rather than unusual weather events. WETS tables are
statistical summaries of monthly precipitation and temperature data compiled for over 8,000
National Weather Service cooperative stations across the United States, with the normal
precipitation range defined by the 30th and 70th percentiles of the long-term monthly record
calculated over the most recent three decades. Monthly precipitation falling below the 30th
percentile is classified as drier than normal, precipitation within the 30th to 70th percentile range
is classified as normal, and precipitation above the 70th percentile is classified as wetter than
normal (Sprecher and Warne, 2000; Sumner et al., 2009). This information is applied through the
DAREM procedure to evaluate the three month period of rainfall occurring prior to observed soil
saturation, allowing investigators to determine whether hydrologic conditions developed under

climatically representative circumstances (Sprecher and Warne, 2000; Sumner et al., 2009).
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Because long term water table records spanning 10 or more years are rarely available,
short term monitoring data are frequently used instead. For jurisdictional purposes, wetland
hydrology is defined as saturation to within 30 cm of the soil surface for 14 or more consecutive
days during the growing season in at least 50% of years, and the Hydric Soils Technical Standard
additionally requires that a water table rise to within 20 cm of the soil surface following a three
month period of normal or drier than normal rainfall before saturation data can be used to

confirm hydric soil status (Sumner et al., 2009; Vepraskas et al., 2019; USDA-NRCS, 2025¢).

An analysis of precipitation normality is required to ensure that short term observations
reflect long-term climatic conditions rather than anomalous wet periods (Vepraskas et al., 2019).
Sumner et al. (2009) demonstrate empirically that method selection has direct consequences for
whether a given monitoring period qualifies as representative. Using a 40—45 year long term
baseline, they found that the 30-day moving total methods correctly identified wetland hydrology
conditions in only approximately 41-50% of years, compared to 78—81% for the DAREM and
Modified DAREM approaches. The moving total methods performed poorly because individual
large precipitation events within a 30-day window frequently pushed the rolling sum above the
70th percentile, rendering observations unusable for assessment even when true saturation
conditions were present. Vepraskas et al. (2019) further illustrate the practical consequences of
method selection through case studies in Michigan, Alabama, and California, in which the
WETS method classified antecedent conditions as wetter than normal while the U.S. Soil
Taxonomy method classified the same periods as normal, concluding that the WETS method is
the appropriate sole method for precipitation normality assessment because it is statistically

valid, accounts for the non-normal distribution of precipitation data through a percentile-based
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approach, and produces a narrower normal range that more effectively excludes data collected

under anomalously wet conditions.

Conclusion and Research Implications

As shown in the literature described above, interdunal wetlands serve as hydrologically
and ecologically significant ecosystems while posing unique problems associated with their
delineation. Sandy parent materials, rapid drainage, fluctuating water tables, and soil chemical
conditions such as salinity and alkalinity can interact to limit the development of redoximorphic
features. While hydrophytic vegetation and wetland hydrology are frequently present, hydric soil
morphology may be weak, discontinuous, or absent, creating challenges for standard wetland
delineation approaches. Thus, there is a need for surveying interdunal wetlands in MLRA 79 to
confirm the presence of field indicators of hydric soils and to apply the hydric soil technical

standard to document the efficacy of these field indicators.

Future research should focus on quantifying hydroperiod thresholds required for hydric
soil development in sandy and saline systems and evaluating how soil chemistry alters redox
pathways and indicator expression. Long term monitoring across a range of interdunal settings
would help clarify when and where hydric soil indicators are likely to form. Collaboration with
national committees responsible for hydric soil standards is also essential to ensure that findings
from regions such as MLRA 79 inform updates to technical guidance. By incorporating region-
specific evidence into indicator development and interpretation frameworks, future efforts can
improve wetland delineation accuracy and support more equitable conservation outcomes across

diverse soil landscapes.
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Chapter 2 - Research Chapter

Introduction

Interdunal wetlands are depressional wetlands that form in between sand dunes and
provide critical ecosystem services including groundwater recharge and wildlife habitat. The
Great Bend Sand Plains Major Land Resource Area (MLRA) 79 in south-central Kansas is home
to an extensive number of stabilized sand dunes and interdunal depressions, many of which are
interdunal wetlands. The interdunal wetlands of this region are of particular importance due to
their position along the central flyway for migratory waterfowl and their proximity to the Quivira
National Wildlife Refuge, a Ramsar Site of International Importance (Ramsar Sites Information
Services, 2002). This MLRA overlies the Great Bend Prairie component of the High Plains
Aquifer, a groundwater system in which withdrawal for irrigation has been implicated in reduced
baseflow to Rattlesnake Creek and, in turn, to Quivira National Wildlife Refuge, whose senior
water right has repeatedly been found impaired by upstream junior groundwater pumping
(Sophocleous and McAllister, 1990b; Kansas Department of Agriculture, 2023). Thus, there has
been growing interest in conservation of interdunal wetlands in this area. However, local wetland
managers and delineators expressed concern about whether Field Indicators of Hydric Soils
(FIHS) were being expressed in the local soils.

The National Technical Committee for Hydric Soils defines hydric soils as those ... that
formed under conditions of saturation, flooding, or ponding long enough during the growing
season to develop anaerobic conditions in their upper part” (NTCHS, 2026). Because direct
observation of saturation and anaerobic conditions is often impractical, wetland delineators rely

on FIHS as evidence for these conditions. These FIHS are soil morphological features that
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develop through repeated saturation and microbial iron and manganese reduction (USDA-NRCS,
2026). These indicators facilitate rapid, standardized wetland delineation. However, the soil
morphology required for these FIHS accumulates over time and persists long after formation.
Thus, a soil can display strong, well-expressed indicators while the hydrology responsible for
creating them is no longer active (Vepraskas, 2013).

In contrast, the Hydric Soil Technical Standard (HSTS) is a set of standard practices by
which data can be collected to assess whether a soil is currently functioning as a hydric soil. The
HSTS was developed to address this gap by requiring direct, concurrent measurement of the
three technical criteria that define an actively functioning hydric soil: soil saturation within 25
cm of the surface for at least 14 consecutive days during the growing season, anaerobic soil
conditions, and antecedent precipitation within a normal range so that observed hydrology is
representative of typical conditions rather than an artifact of an unusually wet season (Berkowitz
etal., 2021b; USDA-NRCS, 2025c). Applying the HSTS alongside a traditional FIHS survey
allows us to identify if and which FIHS are present, and whether the soils of these interdunal
wetlands are currently functioning as hydric soils today.

The aim of this study was to guide wetland delineators and managers working in MLRA
79 to more effectively identify hydric soils in interdunal wetlands. The two research objectives
of this study were to 1) conduct a survey to identify which FIHS were present at three sites, and
2) instrument interdunal wetlands at those three sites according to the HSTS to assess whether
hydric soils at the sites were currently functioning as hydric soils.

Interdunal wetlands in MLRA 79 provide critical habitat and groundwater recharge for
the Rattlesnake Creek watershed, and thus Quivira NWR. There have been reports of interdunal

wetlands meeting wetland vegetation and hydrology indicators but not FIHS. As a result
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wetlands are being classified as non-wetlands, threatening the water contributions and habitat
quality supporting Rattlesnake Creek and Quivira. There are two competing plausible scenarios
for why these interdunal wetlands are not meeting FIHS. FIHS occur in interdunal soils of
MLRA 79 but are difficult to identify in the landscape or these interdunal soils are so-called
“problematic” hydric soils that do not exhibit an existing FIHS. We hypothesized that FIHS are
present in interdunal soils of MLRA 79, and Interdunal soils in MLRA 79 are functioning as

hydric soils.

Materials and Methods

Study Site

Field investigations were conducted at the Joe Kramer Wildlife Area (Kramer) and at a
site known as Pfister. Both Kramer and Pfister occur within MLRA 79 - Great Bend Sand Plains
(USDA-NRCS, 2018). The Kramer site is a 196-ha field located in Stafford County, KS,
approximately 1.6 km south of the Big Salt Marsh of Quivira National Wildlife Refuge. Kramer
is 2.4 km east to west and 0.8 km north to south and consists mostly of native mixed grass
prairie. For purposes of this study, Kramer was split into two study sites, East and West Kramer
which exhibit representative examples of “low interdunals” and “high interdunals”, respectively.

Pfister is an approximately 250-ha site located in Rice County, KS, adjacent to the Quivira
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National Wildlife Refuge and approximately 6.4 km east-northeast of the Big Salt Marsh. The

Pfister site encompasses one section of land 1.6 km north to south and 1.6 km east to west.

Well Locations at East Kramer Site - Great Bend, Kansas
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Figure 1- Map of East Kramer
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Well Locations at West Kramer Site - Great Bend, Kansas

98°34'3"W 38°10'6

T3 N

' , Kramer U Hydric

Kramer X Hydric
' ' Kramer V Upland
Kramer X Upland Kramer V Hydric/. "™
Layers West Kramer East Kramer

[ Microshed Boundaries m
@  Site Locations ,

0 0.05 0.1 > 0.2 Kilometers

98°34'3"W 38°7'39"N l N (\/ 0 .01 1 2 Kilometers
]

L. Dunkley - Kansas State University - 2026

Figure 2- Map of West Kramer
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Well Locations at Pfister Site - Great Bend, Kansas
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The sites exhibit sand dunes with low-lying interdune depressions, most of which are

wetlands. The interdunal wetlands are characteristic of the Wet Sub-irrigated Ecological Site

Description (USDA-NRCS, 2018), exhibiting poorly drained soils with seasonally or perennially

elevated water tables within 0.61 meters of the soil surface and frequent ponding or flooding.

The dominant soil series on these sites include the Kanza (Mixed, mesic Mollic Psammaquents),

Plevna (Coarse-loamy, mixed, superactive, mesic Fluvaquentic Endoaquolls), Kingman (Fine-

silty, mixed, calcerous, thermic Fluvaquentic Endoaquolls), Carway (Fine-loamy, mixed,

superactive, calcerous, mesic Fluvaquentic), Ninnescah (Coarse-loamy, mixed, superactive,

calcerous, mesic Fluvaquentic Endoaquolls), and Carbika (Fine, smectitic, mesic Vertic



Argiaquolls) series (“Official Series Description - KINGMAN Series,” 1997; “Official Series
Description - CARWAY Series,” 2000; USDA-NCSS, 2000, 2004, 2006, 2020). Plevna fine
sandy loam comprises an estimated 24% of the mapped soil area and is associated with
frequently flooded interdunal positions. Soil textures across the sites border between sand and
sandy loam, indicating the possible presence of both S- indicators and F- Indicators when we
evaluated for Field Indicators of Hydric Soils (USDA-NRCS, 2018).

Experimental Design

The study was conducted in two parts. First, we conducted a survey of FIHS across all

identifiable interdunal wetland basins on the Kramer and Pfister sites between 2024-2025.
Second, we applied the hydric soil technical standard to test whether the soils in these interdunal
wetlands were functioning as hydric soils in Spring of 2024-Spring of 2026. To do so, we
examined wetland hydrology using shallow wells, documented anaerobic soil conditions using
IRIS films and o, a’-Dipyridyl test strips, and conducted a vegetation survey at nine interdunal
wetlands.

Field Indicators of Hydric Soils Survey

There were 36 interdunal wetland basins at the study sites. A survey was conducted

across each of the 36 interdunal wetlands on the three sites to determine if and which FIHS were
present. Maps were provided by the University of Kansas Biologic Survey to assist with the
survey. These maps identified micro watersheds (microsheds) and potential wetland areas within
closed basis, of which there were 36 total. The depressions within these closed basin (interdunes)
were each visited and at least one shallow soil profile was described. Before the soils at the
sampling sites were examined, each location was visually assessed for evidence of wetland

hydrology and vegetation to provide context for future soil morphological observations.
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Landform position, topographic relief, ponding or inundation, and plant community composition
were all recorded. Each shallow soil profile was excavated and described following the
procedures detailed in the Field Indicators of Hydric Soils in the United States, Version 9.3
(USDA-NRCS, 2026). Soil profiles were described from a small pit excavated to approximately
50 cm depth. Moist soil color for the matrix, iron concentrations, and iron depletions were
determined using the Munsell Soil Color Book (2009), and redoximorphic feature presence, type,
abundance, size, contrast, and boundaries of redoximorphic features were described following
standard pedological conventions (USDA-NRCS, 2024). All the applicable FIHS were evaluated
at each point in accordance with the NRCS (2026). The outcomes were recorded in a field survey
sheet, which we entered into the USACE automated data sheets to confirm in-field calls on FIHS
presence (U.S. Army Corps of Engineers, 2010a).
Applying the Hydric Soil Technical Standard

Nine interdunal wetlands (three at each of the three sites) of the initial 36 that were
surveyed were randomly selected for further instrumentation and study. The wetlands were
instrumented following the HSTS (Berkowitz et al., 2021b) to confirm wetland hydrology and
anaerobic soil conditions. Instrumentation at each wetland included a hydric location (where a
FIHS was present) and an adjacent upland location. The pairs were positioned to capture the
transition from the depressional wetland to the surrounding upland, since the difference in soil
morphology is central to confirming hydric soil status (USDA-NRCS, 2025c, 2026).
Precipitation at a nearby weather station was reviewed to assess the nature of antecedent soil
moisture conditions prior to data collection.

Wells
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Water table depths were monitored continuously at each location using shallow
groundwater monitoring wells (Figure 4) following methods by Sprecher (2008). Wells were
constructed from 5-centimeter diameter slotted PVC screening, a bottom cap, and a PVC riser
(Environmental Manufacturing, Inc., Manhattan, Kansas, US) with a vented well cap (Onset
Computer Corporation, Bourne, Massachusetts, US). To install wells, we first collected 5-cm
diameter soil cores to approximately 1 m depth using a gas-powered soil sampling kit with a
plastic core liner (AMS, Inc., American Falls, Idaho, US). The cores were set aside for
subsequent description and characterization. We then enlarged the hole by hand-augering to
approximately 110 cm depth using a 10-centimeter diameter Edelman auger (Eijkelkamp North
America, Wilmington, North Carolina, US). The depth of the bore hole was recorded. Next, the
well casing was inserted into the bore hole and the surrounding space was filled with washed,
coarse industrial sand (Pioneer Sands LLC, Irving, Texas, US). The uppermost 10 centimeters of
the surrounding space were sealed with bentonite (PDSCo, Inc., El Dorado, Arkansas, US). The
wells were installed in May 2024 for the East and West Kramer sites and May 2025 for the

Pfister sites.
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Figure 4- lllustration of Shallow Well Instrumented with HOBO Sensor

Water levels were recorded every 12 hours using a HOBO U20 Water Level Logger (Onset
Computer Corporation, Bourne, MA) suspended from the well cap by a stainless-steel cable.
Barometric Pressure was recorded using the same model of logger installed aboveground and
exposed to the atmosphere at East Kramer, which was used to correct pressure transducer
readings to true water depth. Water levels were expressed as depth to the water table from the
soil surface. Continuous records were analyzed to determine the cumulative duration of time
during which the water table was present within 25 centimeters of the soil surface for a
minimum of 14 consecutive days during the growing season, consistent with the saturation
criteria of the Hydric Soil Technical Standard (Berkowitz et al., 2021b; USDA-NRCS,

2025¢).
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Anaerobic Soil Conditions

IRIS Films

We used Indicator of Reduction in Soils (IRIS) films (Rabenhorst, 2018) to document the
occurrence of anaerobic soil conditions at each monitoring location following protocols specified
in the Hydric Soil Technical Standard (USDA-NRCS, 2025¢). IRIS films consist of PVC strips
coated with a synthetic iron oxide paint. Under anaerobic condition, iron reducing microbes
reduce Fe (III) to soluble Fe (II) causing the removal of the iron oxide coating from the film
surface (Berkowitz and Sallee, 2011; Rabenhorst, 2018; Sapkota et al., 2022).

We deployed films in sets of five during the spring and early summer for each year of the
study, occurring simultaneously with the period of greatest predicted soil saturation. We installed
the films in a circle with a radius of approximately 150 cm centered around the well casing. Pilot
holes were created using either a 2.54 cm diameter push probe or 2.54 cm diameter soil auger.
We loaded each film into a delivery tube, inserted them in a pilot hole, pushed them out the
delivery tube with a deployment rod, allowing the film to expand to make contact with the soil.
Films were replaced monthly in 2025. In 2026 we used a single deployment from March to June.

Upon the retrieval of the films we rinsed them gently with clean water, air dried, and
scanned them with a portable document scanner (Epson Workforce ES-50, Epson America, Inc.,
Los Alamitos, California, US). The scanned images were analyzed using the imaging analysis
software application, FIJI (Schindelin et al., 2012) to quantify the percentage of iron oxide paint
removed across the upper 30 centimeters of each film. Following the evaluation criteria of the
Hydric Soil Technical Standard, a majority of films within a set of five films must exhibit

removal of at least 30% of the iron oxide paint in a 15-cm section of the film within the upper 30
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cm of the film to indicate significant anaerobic conditions during the deployment period
(Berkowitz et al., 2021b; Sapkota et al., 2022).

During the 2024 and 2025 field seasons, some films were pulled out of the soil by
animals, most likely cattle (Bos taurus, Linnaeus) grazing on the site or prairie dogs (Cynomys

socialis, Rafinesque) or other rodents. Films that were partially pulled, completely removed, or

missing were not included in the dataset. In such cases, we reviewed the remaining films and
assumed anaerobic conditions were met when a majority of the remaining films met the iron
oxide removal standard stated previously. For the 2026 season we folded in the top, white
portion of each film over onto the ground, covered it with screen, and fastened it to the ground
with a landscape staple to make it more difficult for animals to remove the films. This was
moderately successful, though some removal still occurred.
a, a’-Dipyridyl

Soils at each of the nine hydric sites were also tested for anaerobic conditions based on
the presence of Fe (II) using a, a’-dipyridyl test strips on July 1, 2026 during a saturation event.
In accordance with the Hydric Soils Technical Standard (2025¢), soils with sandy textures must
have a positive reaction in 60 percent of a layer 6.25 cm thick located in the upper 12.5 cm of the
soil profile. A shallow soil pit was dug similar to what was described during the survey. A a, o’-
dipyridyl test strip was placed on fresh ped faces that had not been touched with steel tools, and
placed so the strip extended from 6 cm to 12.5 cm. This was done to avoid any contamination by
metal tools that could introduce Fe (II) and give false-positive reactions (Berkowitz et al., 2025).
Next, the strips were pressed firmly against the exposed profile face. If a pink or red color

developed immediately, the reaction was scored as positive (Berkowitz et al., 2025).
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Hydrophytic Vegetation Survey

We assessed the presence of hydrophytic vegetation at each of the 18 monitoring locations
(nine hydric and nine uplands) within the nine instrumented wetland basins. Vegetation surveys
were conducted using the methods outlined in the Regional Supplement to the Corps of
Engineers Wetland Delineation Manual for the Great Plains Region (U.S. Army Corps of
Engineers, 2010a) during the growing season at or near peak aboveground biomass in 2025 and
2026. Hydrophytic vegetation was surveyed across East Kramer, West Kramer, and Pfister. At
each site, sampling plots were established within Upland and Hydric hydrologic zones (5 plots
per zone per study area). Hydrophytic vegetation status was determined for each plot following
the stepwise procedure in the Great Plains Regional Supplement: Indicator 1 (Rapid Test) was
applied first; where not met, Indicator 2 (Dominance Test) was applied; and where the
Dominance Test failed but indicators of hydric soil and wetland hydrology were both present,
Indicator 3 (Prevalence Index) was applied.
Direct Antecedent Rainfall Evaluation Method - DAREM

The Hydric Soil Technical Standard requires that precipitation during the study period be
characterized relative to long term climate averages. Abnormally wet or abnormally dry
conditions can shift the apparent hydric and non-hydric boundary, and interpretation of
hydrologic and IRIS film data (Vepraskas et al., 2019; Berkowitz et al., 2021b). To follow the
guidelines of the Hydric Soil Technical Standard, precipitation data was analyzed using the
Direct Antecedent Rainfall Evaluation Method (Vepraskas et al., 2019).
We obtained daily precipitation totals for the study area from the Great Bend 3 WNW

weather, accessed through the NOAA Regional Climate Centers SC ACIS2 database (SC ACIS2,

2024). Monthly and seasonal totals were compiled for each year of the study. Long-term
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precipitation statistics in the form of the WETS table for the same station were used to calculate
the 30" and 70" percentile thresholds for each relevant time window. Study period totals falling
between the thresholds were classified as normal, those below the 30™ percentile were classified
as drier than normal, and those above the 70™ percentile were classified as drier than normal.
Lastly, we applied these classifications to the period immediately preceding and during each

growing season of active soil saturation monitoring.
Results
Field Surveys
A total of 34 interdunal wetlands were surveyed for the presence of Field Indicators of

Hydric Soils (FIHS). All 34 sites were located within the Kramer and Pfister study areas, and all

34 exhibited at least one FIHS.
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Figure 5- Frequency of FIHS observed at surveyed interdunal wetlands of Kramer
and Pfister sites. The FIHS, in alphabetical order, are A11 — Depleted Below Dark
Surface, F1 — Loamy Mucky Material, F3 — Depleted Matrix, F6 — Redox Dark

Surface, F8 — Redox Depression, S5 — Sandy Redox, S6 — Stripped Matrix, S7 —
Dark Surface
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The FIHS in this survey are summarized in Figure 5 and the complete collection of
surveys is in Appendix B. The three most common FIHS were S5 — Sandy Redox, S6 — Stripped
Matrix, and A11 — Depleted Below Dark Surface, which were observed in 28, 10, and 7
interdunal wetlands, respectively. Less common FIHS were primarily F-indicators, including F6
— Redox Dark Surface, F8 — Redox Depression, F3 — Depleted Matrix, which were observed in 6,
6, and 4 interdunal wetlands, respectively. The F1 -Loamy Mucky Material and S7 — Dark

Surface were each observed once.
Application of the Hydric Soil Technical Standard

Direct Antecedent Rainfall Evaluation Method (DAREM)

In Table 1 we see the monthly precipitation values for in 2026 for our Kramer sites. The
precipitation values are compared to the 30" and 70" percentile values from the WETS table,
provided by the Hudson weather station. They precipitation were then classified based on where
they fell between the 30™ and 70™ percentile ranges. In Table 2, the same was done for our
Pfister sites with values provided by the Sterling weather station. The WETS Tables and
Weather Station data for 2024-2025 for both sites is located in Appendix E.

Table 1- Hudson Weather Station Monthly Precipitation in 2026 with WETS table

30" and 70" percentile ranges (June data not recorded, but consistently dry March-
May)

2026 Monthly

30th Percentile 70th Percentile Precipitation
(cm) (cm) (cm) Classification 2026

January 0.79 2.13 2.16 Wet
February 0.53 2.64 0.94 Normal

March 2.67 6.93 0.3 Dry

April 3.3 7.39 0.41 Dry

May 6.45 12.47 6.25 Dry

June 6.1 10.39 - -
6- Month

Total 23.7 51.8 - =
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Table 2- Sterling Weather Station Monthly Precipitation in 2026 with WETS table
30" and 70" percentile ranges

2026 Monthly

30th Percentile 70th Percentile Precipitation
(cm) (cm) (cm) Classification 2026
January 1.07 2.49 2.69 Wet
February 0.61 2.64 1.04 Normal
March 3.56 8.15 0.15 Dry
April 3.63 7.24 0.69 Dry
May 7.04 13.39 9.14 Normal
June 5.61 11.68 12.55 Wet
6- Month
Total 26.3 57.23 26.26 Dry

Weather in 2026 for both sites was not under as severe drought conditions as previous years and
thus the study focused primarily on data from 2026. Severe to Exceptional drought conditions
persisted almost 2 years (2022-2024) before the study began in spring of 2024 for our Kramer
sites(National Integrated Drought Information System, 2026a). For our Pfister sites the same is
true, however conditions persisted through 2025(National Integrated Drought Information
System, 2026b). An accompanying scale was used to classify drought conditions with the
respective colors (DO- Abnormally Dry, D1- Moderate Drought, D2- Severe Drought, D3-

Extreme Drought, D4- Exceptional Drought).

Saturated Conditions

Shallow groundwater levels from well data in February 19 to July 1 of 2026 (Day of Year
50-180) are shown in Figures 6-8 and Appendix Dhas the well data for the sites not shown below.
The East Kramer H, West Kramer U, and Pfister K interdunal well data represent the median
wetness of the three respective study sites and are shown in figures 6, 7, and 8. In each figure the
soil surface corresponds to a water table depth of zero. Positive water table depths imply ponding

and negative depths depict distance below the surface.
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Figure 6- East Kramer H Hydric and Upland 2026

The water level data for East Kramer H show that the hydric well was saturated from day
50 through day 90. During this window the water table fluctuated between -10 cm and +24 cm,
briefly resting above the soil surface near day 55. After day 90, the water table declined steadily
to a low of approximately -75 cm by day 140. Two significant rainfall events around days 150
and 160 led to saturated conditions again later in the season. The first event was short-lived. The
second event was ongoing at the time of the most recent data collection on July 1. The upland
well at this transect, by contrast, never approached -25 cm at any point, remaining between -55

and -125 cm for the entire monitoring period.
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Figure 7- West Kramer U Hydric and Upland 2026

The West Kramer U exhibited dry conditions at both the upland and interdunal sites. Neither
the hydric nor the upland well ever reached the -25 cm saturation threshold depth. Results
were similar for West Kramer V and X. Thus, the West Kramer site did not achieve saturated

conditions in 2026.
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Figure 8- Pfister K Hydric and Upland 2026

Likewise, the Pfister site similarly showed no saturation events meeting the -25 cm
threshold (Figure 8). The Pfister K hydric well began the period near -60 cm, rose to a high of
approximately -44 cm around day 55, and stayed in the -50 to -70 cm range through roughly day
90 before declining gradually to between -90 and -100 cm by day 150-180. The upland well
remained consistently lower, ranging from about -95 to -120 cm, with a persistent 20 to 40 cm
separation between the two wells. Although the hydric wells at Pfister exhibited shallower
groundwater depths than West Kramer, these interdunal areas never reached -25 cm, so no

saturation events were observed.

DAREM

Using the timing of the saturation events described above, we used the DAREM method
to characterize the antecedent moisture conditions for the study sites for the spring of 2026. The

antecedent 3-month rainfall totals preceding each confirmed saturation event were classified
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using DAREM with 30" and 70" percentile thresholds developed from two climate stations
using 1971-2000 WETS climatology. East and West Kramer were evaluated using the Hudson
weather station (ACIS- Regional Climate Centers, 2026a) and Pfister was evaluated using the
Sterling weather station (ACIS- Regional Climate Centers, 2026b).

All three East Kramer wells (E, H, and P) met or exceeded the 14 consecutive day
saturation criterion, with the water table at or above the 25 cm depth threshold from the first day
of monitoring (February 19, 2026). Because monitoring began with the water table already
within the qualifying range, the earliest date at which the standard's threshold can be
affirmatively confirmed is March 4, 2026 (the 14th consecutive qualifying day). In contrast, none
of the West Kramer wells (U, V, or X) or Pfister (B, D, or K) recorded a water table within 25
cm of the surface at any point during the monitoring period. No saturation event occurred at

West Kramer during the study period.

Because East Kramer was the only site to record a qualifying saturation event, DAREM
was applied to the three months preceding its confirmed saturation date (March 4, 2026):
December 2025, January 2026, and February 2026, using Hudson WETS percentiles and
measured monthly precipitation (Table 0 and Table 0). Based on the DAREM sum of 13, the
antecedent rainfall leading up to the saturation periods is characterized as normal.

Table 3- DAREM scoring for East Kramer. Sum = 13, consistent with Normal rainfall
classification (6- 9 = drier than normal, 10- 14 = normal, 15- 18 = wetter than normal).

Monthly Classification Condition Month Value x
Precip. (cm) Value Weight Weight
Dec. 2025 0.03 Dry 1 1 1
Jan. 2026 2.16 Wet 3 2 6
Feb. 2026 0.94 Normal 2 3 6
Sum 13

Anaerobic Soil Conditions

IRIS Films

A total of 270 IRIS films were deployed across three sites, West Kramer, East Kramer, and
Pfister, at paired hydric and upland positions across three deployment rounds spanning March

2025 through June 2026 (deployment durations ranging from approximately 24 to 95 days). Of
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these, 24 films were excluded from the percent-removal analysis because they had been fully or
partially dislodged by animal activity prior to retrieval (Appendix C). Exclusions were
concentrated at West Kramer (10 films, split evenly between hydric and upland positions, all
confirmed dislodged upon retrieval) and East Kramer had 8 films removed (5 upland in first round,
2 hydric and 1 upland in the final round). The remaining 246 films were analyzed for percent
removal of iron oxide coating in 1-cm depth increments from the surface to 30 cm, from which
mean percent removal, maximum percent removal, and the maximum removal within any

contiguous 15 cm window were calculated for each film.

During the March 2026-June 2026 deployment of IRIS films, the hydric sampling points
at two of the three interdunal wetlands instrumented at East Kramer met the technical standard for
anaerobic conditions, with a majority of five IRIS films showing 30% or more Fe removal in a
layer 15 cm or more thick within the top 30 cm. Conversely, no hydric sampling point at West
Kramer or Pfister met the standard for the same deployment period in 2026.. In 2025, one of three
East Kramer hydric positions met the standard in the early-spring deployment, and two of three
East Kramer Hydric positions met the standard in the late-spring deployment. No hydric positions
at West Kramer or Pfister met the standard in 2025. No Fe removal was observed for any upland

position at any site for any of the IRIS deployments.
a,a'-Dipyridyl Test Strips

Test strips impregnated with a,a’-dipyridyl dye were applied at nine points across the
West Kramer, East Kramer, and Pfister sites on July 1, 2026 during an active saturation event
(Appendix G). The hydric positions at each of the three interdunal wetlands at East Kramer
exhibited positive reactions that met the HSTS. However, West Kramer and Pfister did not
immediately react to the a,a’-dipyridyl test strips, and thus, did not meet the HSTS for anaerobic

conditions.

Hyvdrophytic Vegetation Survey

Hydrophytic vegetation was surveyed across three sites, East Kramer, West Kramer, and
Pfister. Along each site, 5 quadrat samples were collected within the Upland and Hydric

hydrologic zones. During the 2025 and 2026 growing seasons, sampling yielded 170 plots and
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539 species occurrence records comprising 42 taxa. At the East Kramer site, all five Hydric-zone
plots in both the P and E study areas met Indicator 1 (Rapid Test) criteria for hydrophytic
vegetation in 2026.

Table 4- Summary Table of the hydrologic zones of East Kramer, West Kramer, and
Pfister that had Hydrophytic Vegetation

| Site | Microshed Hydric 2025 Hydric 2026

East Kramer E No Yes
East Kramer H No Yes
East Kramer P No Yes
West
Kramer U No No
West
Kramer Vv No No
West
Kramer X No No
Pfister B No No
Pfister D No No
Pfister K No No

East Kramer met a hydrophytic vegetation indicator at every sample plot but 1 at site H in 2026,
a majority of West Kramer and Pfister sample plots did not meet hydrophytic a vegetation
indicator in both 2025 and 2026 if any at all (Appendix F). This could possibly be a result of the

drier conditions observed at these sites.
Discussion

The primary objective of this study was to evaluate whether FIHS were occurring in
interdunal wetlands in MLRA 79. We found that FIHS were functioning well. Across the 34
interdunal wetlands surveyed on the Kramer and Pfister sites, every basin exhibited at least one
FIHS, confirming that these depressions either are, or once were, hydric soils. The S5 — Sandy
Redox was the most common indicator amongst all of our sites.. S6 — Stripped Matrix being the

second most common FIHS was interesting due to its relatively infrequent use in wetland

28



delineations in Kansas. Its relative abundance in this study shows that it is an indicator that
wetland delineators should be looking for in sandy soils in Kansas, such as those in MLRA 79.
However, wetland delineators should note that the stripped matrix pattern was commonly
observed in soil layers with textures that fall into loamy and clayey soils where S-indicators do
not apply. Since Stripped Matrix is an S-indicator, it can only be used when the pattern is
observed in sands or loamy sands where S-indicators apply (USDA-NRCS, 2026). The A11 —
Redox Dark Surface was also of note as the third most abundant field indicator observed in the
interdunal survey. This is also one of the most common FIHS used in wetland delineations across

the country, so its relative abundance was to be expected.

This study coincided with a significant drought in Stafford and Rice Counties based on
historical data from the National Integrated Drought Information System (National Integrated
Drought Information System, 2026a; b). Both Stafford and Rice Counties were under D3 —
Extreme Drought or D4 — Exceptional Drought for the majority of 2023. During the first year of
this study in 2024, Rice County was under D2 — Severe Drought, S1 — Moderate Drought, or SO
— Abnormally Dry conditions throughout the entire year. Meanwhile, Stafford County was under
the same conditions for the first 10 months. Conditions in 2025 improved, but the two counties
still experienced moderate drought during the spring when interdunal wetlands in this region
would normally be experiencing wet conditions and shallow water tables or ponding. Finally,
drought conditions returned in March and April of 2026 with D3 - Extreme Drought, D2 - Severe
Drought, and D1 - Moderate Drought. However, normal wet conditions occurred in January,
February, May, and June 2026, which facilitated saturation events at the hydric positions at the

East Kramer sites.
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The duration and severity of the drought in this region relative to the timing of the survey
conducted in 2024, combined with the sandy textures of these soils, could have contributed to the
mineralization of carbon from these interdunal wetlands, or the prevention of sulfur reduction.
Thus, the absence of some FIHS is noteworthy. Field indicators that we expect could occur in
these wetlands but were not observed or were rarely observed were those associated with carbon
accumulation or the reduction of sulfur. Carbon-related examples include A7 — Mucky Mineral,
A9 — 1 cm Muck, S1 — Sandy Mucky Mineral, S2 - 2.5 cm Mucky Peat or Peat. Examples of
indicators associated with sulfur reduction include A4 — Hydrogen Sulfide and A18 — Iron

Monosulfide.

While all 34 of the interdunal depressions surveyed on the Kramer and Pfister sites
included a hydric soil based on the confirmed presence of FIHS, not all of these soils were
functioning as hydric soils. Field Indicators of Hydric Soils are not measures of current function,
but rather morphological records that show the soil experienced anaerobic conditions repeatedly,
causing the translocation of iron and manganese or accumulation of carbon within the soil
(Vepraskas, 2013; USDA-NRCS, 2026). A soil can display strong indicators while no longer
experiencing the hydrology that created them, because once established, this morphology can
persist through subsequent drier periods (U.S. Army Corps of Engineers, 1987; USDA-NRCS,
2026). That appears to be the case for the West Kramer and Pfister sites which did not meet the
hydrology or anaerobic conditions standards of the HSTS. Of the nine instrumented transects in
this study, only the three transects at East Kramer met the requirements of the HSTS and are thus

functioning as hydric soils under current field conditions.
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Three independent data sources converged on this conclusion. Well data showed all three
East Kramer transects maintained water tables at or above the 25 cm threshold from the start of
monitoring, while no West Kramer or Pfister well ever recorded a water table within 25 cm of
the surface. The IRIS films deployed in 2026 and o,a’-Dipyridyl test strips used on July 1, 2026
showed that East Kramer met the anaerobic soil standard at all three hydric positions along the

transects, while West Kramer and Pfister had zero hydric transect positions that met the standard.

The contrast between East Kramer and the other two sites regarding wetland function is
interesting. There are several possible contributing factors to this, and each are associated with
position of these depressions within the surrounding landscape. Interdunal depressions are
typically wet due to the land surface being in close proximity to or intersecting the regional water
table. Interdunes that intersect the regional water table for periods of 14 days or longer during the
growing season will theoretically have interdunal wetlands. However, interdunes that are only in
close proximity to the regional water table may have more soil moisture at the center of
depressions, but not be classified as wetlands. Given that context, it is important to note that all
34 interdunes sampled in this study contained hydric soils. Thus, at one point in time, those
interdunal depressions contained interdunal wetlands. However, West Kramer and Pfister not
meeting the HSTS show that these soils are not currently functioning as hydric soils. Further, at
East Kramer the FIHS extend further up on the slope than the hydrophytic vegetation and
wetland hydrology does. This is likely due to a decrease in the regional water table. Since
indicator morphology persists regardless of whether its causal hydrology remains (Vepraskas,
2013; USDA-NRCS, 2026), this suggests the upper part of the depression records a wetter
historical regime, while active hydrology and hydrophytic vegetation have since retreated

downward, tracking the falling water table, a pattern paralleling wetland retreat documented at
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the Great Sand Dunes in Colorado (Wurster et al., 2003). East Kramer appears to be in an earlier
stage of the same process where the wetland has not disappeared, but its functionally hydric
footprint has already contracted below the footprint recorded in the legacy soil morphology.
Vegetation data support this, as only East Kramer met the hydrophytic vegetation indicator in
both study years.

This decline in the regional water table could be due to intensive groundwater withdrawal
from higher up in the watershed. MLRA 79 overlies the Great Bend Prairie component of the
High Plains Aquifer, where natural recharge already lags behind withdrawal in many areas
(Sophocleous and McAllister, 1990b; USDA-NRCS, 2025a). The interdunal wetlands are
hydrologically analogous to depressional systems in which the position of the regional water
table relative to land surface governs whether a basin discharges groundwater and stays
saturated, or loses water to the subsurface and dries (Neff et al., 2020). Where the regional water
table has dropped, low-lying basins like East Kramer would retain hydric function longer than
higher basins like West Kramer, simply by sitting closer to the current, lowered water table. This
mirrors documented conflict at the nearby Quivira National Wildlife Refuge, where state
investigations have repeatedly found that upstream irrigation pumping impairs the refuge's senior
water right, with modeled baseflow well below mid-twentieth-century levels (Sophocleous and
McAllister, 1990b; Kansas Department of Agriculture, 2023). Because Kramer and Pfister sit
within this same groundwater system, a comparable decline plausibly explains why hydric
function has retreated to only the lowest interdunal positions. A related contributing factor is that
the duration and severity of drought in the region has resulted in a lowered water table due to

limited recharge over several years.
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Another explanation involves encroachment of phreatophytic woody species, such as
cottonwood (Populus deltoides, Latin) and black willow (Salix nigra, Latin), which we observed
at in multiple interdunal areas in this study. Both species tolerate gradual water table decline by
rooting deeper to stay in contact with a falling water table, allowing established stands to persist
even as the water table that supported their establishment keeps dropping (Amlin and Rood,
2002). Prescribed burning has not been practiced at these three sites. Using fire as a control of
woody species would likely prevent further drops in the shallow water table onsite due to
excessive water use by these trees (Nippert et al., 2021).

Beyond their technical significance for wetland delineation methodology, these findings
speak to the broader hydrologic pressures facing the Great Bend Sand Plains and the Quivira
National Wildlife Refuge. If groundwater decline driven by regional irrigation demand is indeed
contracting the functionally hydric extent of these interdunal wetlands, then the same processes
reducing streamflow to Quivira's senior water right are also likely acting on the smaller,
dispersed interdunal wetlands scattered across the surrounding landscape. This raises the
possibility that resolving the long standing impairment of Quivira's senior water right
impairment (USDA-NRCS, 2025a) could have benefits that extend beyond the refuge boundary
itself.

Because Kramer and Pfister sit within the same groundwater-fed system that supplies
Rattlesnake Creek and, in turn, Quivira's salt marshes, restoring flows consistent with the
refuge's senior priority would likely correspond to a partial recovery of the regional water table.
This could potentially allow presently non-hydric basins such as West Kramer and Pfister to
regain the shallow water tables and anaerobic soil conditions needed to again function as hydric

soils. This would be consistent with the legacy field indicators already present at those sites.
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Enforcement of the senior water right that Kansas statute already recognizes (K.S.A. 82a-706b),
functions simultaneously as a form of passive wetland restoration across the wider dune and
swale landscape, without requiring any additional site-specific intervention (USDA-NRCS,
2025a).

Future work should document how field indicators of hydric soils develop and persist in
disturbed soils where former farmland is being restored to interdunal wetland. Because
agricultural disturbance alters organic matter content, soil structure, and drainage, it is unclear
whether FIHS form on the same timeline, at the same frequency, or through the same redox
pathways once hydrology is restored to cultivated ground. Documenting this would give
restoration practitioners and delineators a basis for interpreting hydric soil development on the
growing acreage of interdunal land being returned to wetland function across the Great Bend
Sand Plains.

A more extensive hydrologic study is also needed, including the incorporation of
additional wells across a broader network of interdunal depressions and longer-term monitoring
beyond the three years captured here. Because this study coincided with a multi-year regional
drought, longer-term data are necessary to confirm whether the regional water table is genuinely
declining, as the contrast between East Kramer and the other two sites suggests, or whether
current conditions instead reflect drought-driven variability that could recover in wetter years.
Establishing this distinction is essential before the water management and conservation

implications raised here can be applied with confidence across MLRA 79.
Conclusion

In this three-year study, we examined if FIHS were present in 36 interdunal depressions.

We found that all 36 interdunal depressions contained FIHS, and thus hydric soils. The three
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most common indicators were S5 — Sandy Redox, S6 — Stripped Matrix, and A11 — Redox Dark
Surface. Nine of the 36 interdunal depressions were instrumented and monitored according to the
HSTS. We found that the three interdunal depressions at East Kramer had wetlands and soils
currently functioning as hydric soils. In contrast, interdunal depressions at West Kramer and
Pfister were not functioning as hydric soils during our study. So we accept the hypothesis that
FIHS are present in interdunal soils of MLRA 79, but partially reject the hypothesis that
interdunal soils in MLRA 79 are functioning as hydric soil.

At East Kramer, FIHS occurred on hillslope positions higher than that of wetland
hydrology and hydrophytic vegetation. That, combined with the lack of current hydric soil
function at West Kramer and Pfister, indicates that the regional water table has dropped across
each of these three sites, and that only East Kramer retains functioning hydric soils due to a
lower position relative to the regional water table. This decrease in the regional water table could
be due to irrigation withdrawal higher in the Rattlesnake Creek watershed, prolonged drought
conditions in the region before and during the study, and/or encroachment of cottonwood and
black willow. This study highlights which FIHS wetland delineators can expect when working
on interdunal wetland conservation efforts in MLRA 79 and other dune-interdune systems across
the US. It also highlights challenges with water management in these sandy, dynamic interdunal

systems.
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Appendix A - Blank Data Sheets

Appendix Figure A.1. Hydric Soil Survey Field Sheet

Sampling Location: Date:
Describer: Wetland/Upland Type or Classification:
Surface Water Depth: \Water Table Depth:
Geologic Material(s): Vegetative Cover:
Soil Classification: SSURGO Mapping Unit:
Redex Concantrations Redex Depletions - -
o 3 N Structure Reactionto
[percent/size/calorflocation) (precent/sizefcolor)
Fe/MN
Depth Matrix Fe Conc.d Fore Along Test
Horizon (cm] Coloris) | Masses | Medules | Linings In Matrix Fores Class Grade Size Shape HECL H.O, Dipyridyl | Boundary | Comment
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Hydric Soil Field Indicators Present for Use or Testingin LRRH & M

All Soils
OO Al—Histosol or Histel
[ A2—Histic Epipedon
O A3—Black Histic
O Ad—Hydrogen Sulfide

OO A5—Stratified Layers (For use in M,
testing in H)

O AS—1 cm Muck (For use in H)
0O A10—2 cm Muck (For use in M)
[ All—Depleted Below Dark Surface
O A12—Thick Dark Surface
O Al8—Iron Monosulfide
Sandy Soils

0 52—2.5 cm Mucky Peat or Peat (For use
in H)

0 53—5 cm Mucky Peat or Peat (For use
in M)

O 54—Sandy Gleyed Matrix
O 55—Sandy Redox
O S6—Stripped Matrix

O s7—Dark Surface (For use in M)

Loamy and Clayey Soils

OO Fl—Loamy Mucky Mineral
O F2—Loamy Gleyed Matrix
O F3—Depleted Matrix

O F6—Redox Dark Surface

0 F7—Depleted Dark Surface
0 F&—Redox Depressions

O F12—Iron-Manganese Masses (For
testing in M)

0 F16—High Plains Depressions (For use
in MLRA 72 and 73, for testing in other
MLRAS of H)

O F18—Reduced Vertic

0 F21—Red Parent Material (For testing
in red parent materials)

Other Suspected Indicators Not Currently
Applicable to Hor M |

1 58—Polyvalue Below Dark Surface
2 55—Thin Dark Surface

J 511—High Chroma Sands
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Appendix Figure A.2. USACE Automated Data sheet- WETLAND

DETERMINATION DATA SHEET — Great Plains Region

SOIL

Sampling Point:

Depth
(inches)

Matrix
Color (moist)

Redox Features
Y% Color (moist) %

Profile Description: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)

Texture

Remarks

'Type: C=Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains.

%Location: PL=Pore Lining, M=Matrix.

Hydric Soil Indicators: (Applicable to all LRRs, unless otherwise noted.)

____Histosol (A1) ___Sandy Gleyed Matrix (S4)
____Histic Epipedon (A2) Sandy Redox (S5)

___ Black Histic (A3) " Stripped Mairix (S6)
__Hydrogen Sulfide (A4) __ Loamy Mucky Mineral (F1)
____ Stratified Layers (A5) (LRR F) __Loamy Gleyed Matrix (F2)
—1cm Muck (A9) (LRR F, G, H) ___ Depleted Matrix (F3)
—Depleted Below Dark Surface (A11) __ Redox Dark Surface (F6)
—Thick Dark Surface (A12) __ Depleted Dark Surface (F7)
___lIron Monosulfide (A18) __Redox Depressions (F8)

— Sandy Mucky Mineral (S1) High Plains Depressions (F16)
2.5 cm Mucky Peat or Peat (S2) (LRR G, H) T (MLRAT72&730f LRRH)
5 cm Mucky Peat or Peat (S3) (LRR F)

Indicators for Problematic Hydric Soils®:
____1.cm Muck (A9) (LRR 1, J)
____High Plains Depressions (F16)
(LRR H outside of MLRA 72 & 73)

——Reduced Vertic (F18)
——Red Parent Material (F21)
___Very Shallow Dark Surface (F22) Other

(Explain in Remarks)

*Indicators of hydrophytic vegetation and
wetland hydrology must be present,
unless disturbed or problematic.

Restrictive Layer (if observed):

Type:
Depth (inches):

Hydric Soil Present?

Yes No

Remarks:

HYDROLOGY

Wetland Hydrology Indicators:

Primary Indicators (minimum of one is required; check all that apply)

__ Surface Water (A1) __ SaltCrust (B11)

___High Water Table (A2) ___Aaquatic Invertebrates (B13)
Saturation (A3) Hydrogen Sulfide Odor (C1)

"~ Water Marks (B1) "~ Dry-Season Water Table (C2)

___Sediment Deposits (B2) ___ Oxidized Rhizospheres on Living Roots (C3)

__ Drift Deposits (B3) (where not tilled)

___ Agal Mat or Crust (B4) ___ Presence of Reduced Iron (C4)

__ Iron Deposits (B5) ___ Thin Muck Surface (C7)

__Inundation Visible on Aerial Imagery (B7) __ Other (Explain in Remarks)

__Water-Stained Leaves (B9)

Secondary Indicators (minimum of two required)
__ Surface Soil Cracks (B6)
___ Sparsely Vegetated Concave Surface (B8)
Drainage Patterns (B10)
:Oxidized Rhizospheres on Living Roots (C3)
(where tilled)
Crayfish Burrows (C8)
:smuration Visible on Aerial Imagery (C9)
__ Geomorphic Pesition (D2)
__ FAC-Neutral Test (D5)
__ Frost-Heave Hummocks (D7) (LRR F)

Field Observations:

Surface Water Present? Yes No Depth (inches):
Water Table Present? Yes No Depth (inches):
Saturation Present? Yes No Depth (inches):

(includes capillary fringe)

Wetland Hydrology Present?

Yes No

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:

Remarks:

ENG FORM 6116-5, SEP 2024
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Appendix B - Soil Survey Completed Data Sheets

Appendix Figure B.1. Hydric Soil Survey Description Sheet Kramer 1
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A“?

Sampting Location: T S0 VE 19513 B [ b Date: EAED
Describer: [aiaY Wetland/Upland Type or Classification: |1t#dund [uetled
Surface Water Depth: N Water Table Depth:
Geologic Material(s): Eolien S0n X Vegetative Cover: el Anniaesd§
Soil Classification: SSURGQ Mapping Unit: Dl g™ Tiven Gaeplty  S§EY
Redox Concentrations Redox Depletions .
(percentsize/color/location) {precent/size/cotor) Structure Reactionte
Fe/MN
Depth Matrix Fe Conc./ Pore Along Text.
Horlzon {cm) Color(s) Masses Nodules Linings 1n Mateix Pores Class Grade Size Shape HCt Hz0: Dipyridyt | Boundary | Comment
o ey e Yo ; Mo | sHC -
S VS S| | M N | (R
S
ey 01011 TS : assx ~
—{0 ,TS\ 90 Vi Wi, LS O v \,\ N N m,uﬂ.
L N ~ | SBC
4 il Y 7 .- .
U N N
\wﬁ)\ TS PO ae S P [ SBIC | N NN 5
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. B M oapsbpe S gl ([BH0kLAE Tmmwm.w.f\é

Sampling Location:

30408549 &

\$51247, 16~

Date:

Gy /(o) 2

Trredongl oetiend

L

Describer: (S, Wetland/Upland Type or Classification:
Surface Water Depth; Ah Wt dstrod Water Table Depth: WSt sl v d
Geologic Material(s): Nio~ sn..8 Vegetative Cover: Wak A mpaniedg
Soil Classification: SSURGO Mapping Unit: Pl = Tru ?ynr.\ SBBY
Redox Concentrations Redox Depletions .
{percent/size/color/location) {precent/size/color) Structure Reactionto
Fe/MN
Depth Matrix Fe Conc./ Pore Along Text.
Horlzon (cm) Color(s) Masses Nodules Linings In Matrix Pores Class Grade Size Shape HC!L H202 Dipyridyl | Boundary %ﬂoaﬁsg
YL A 5 . Cle “
@« 4 sﬂm.ﬁ -z m,\.xwmvﬁ I < | " :f ae N N T er ”eﬁ:\s
J 4 . (e TR ened lenc
Sk i, o s__cé p
WYL | (oL 1oy T - q
. S meess §ot S \ wed | <gic AT T g
Cy | 2l o N NT | s
oYL Yy Wyl 5l oye bl LS Masy T
Q\ w.wlf <G m%,:.mnvna cot © N » N

Appendix Figure B.2. Hydric Soil Survey Description Sheet Kramer 2

g
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Appendix Figure B.3. Hydric Soil Survey Description Sheet Kramer 3

Sk 5

F]

| Sampling Location; Bodeyl 45F | mﬂm%ém!a Date: Uﬂ..&\m..ﬁ'l —
| Describer: v Wetland/Upland Type or Classification: | T o % ¢r 0y e | a
Surface Water Depth: Vo Oy Water Table Depth: po  0<
Geologic Material{s). E el Vegetative Cover: _r...,m.,x. N".,n.»}a!e.?ﬁ _Hg ; Wuu_. _rﬁ.._r.\v
| Soil Classification: SSURGO Mapping Unit: d CREY
_Eﬂﬁ%ﬂhﬂnﬁ: __HMH_HRE” Swuctue Aapcmin A.th
FalMH
i Mo T
Horizon _wmﬂ._l n””h 5] zm”nu-u zn“%__n._.m__a _.”_u“u In Matrix E” | nH Grade Sizg Shape HCI Halla Cipyridyt | Bowndary | Comment |
E| (LRI [csbngye o ¢
X e ? a |- Lost| W INY [pe | €
=N LT |
_L_i LY _'_.m._n___..____.,,~ L LS s &‘1 o i
ﬁ ﬂd_u hed o _ _—. ____.h i _.._._r\..._l p
[
. S e 5 . L
c ofs [ EEERT Sl | eV NTINT @
_ 12
C | [V ﬁw % - m o | _ | wse| N[ AT -
t S

e
..{i.,ff_urc.m muﬂ Lhes
{ o5 >~ C oL L

m._r)w.__\f _m_\_..rﬂ. _rur.

f.d/..)n @ brh...u_*
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Appendix Figure B.4. Hydric Soil Survey Description Sheet Kramer 4

Sampling Location: W f._-_..ka..m_...n“-...m.‘ D0%e 15555581 N pate: ._\_..._\.NKH_. .
Describer; o~ Wetland/Upland Type o Classification: | "% 3¢ dasne {
| Surface Water Depth: ATr Auinet Water Table Depth: TR AT e o
Geologic Material(s): (PN Ak Vegetative Cover: _..t..i........v\m ; oM o vy ol
Soil Classification: SSURGO Mapping Unit: St (b Sg6Y
Redo Concentrailons R Depletions Structurg Reaction 1o
(pemeentisizeseeian I izelo0r]
FeiMN _ .
Ao it
Haraan uHHH: nﬁ_ .._h.umw %oﬂn_“_u cﬂ.ﬁa In Matrlx ] vnﬁm Class Grade Siee Shape H Haille gyl | Bowndary | Comenesi
oo L [LETT Lawsa
Fn__' oL e m o - i
(it U_J\Gﬁ_\ _..w _.,. %F.r
: .l : —
i e AL [1EH,) i o - tars
_ w rﬁnu JM J.u__.. .mu...- .f.m L9
[ ™ e
Veq
- o oy 257, B e
1% [P ke nm___.ri (< o) it
T....W.ﬁ |
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Appendix Figure B.5. Hydric Soil Survey Description Sheet Kramer 5

Sampling Location:  wived 12e3 8435 F 1§53 hAM Npate: -t B
Describer: Yl ) ‘Wetland/Upland Type of Classification: Torrr i b Lo Flend
Surface Water Depth: ho s dab \Water Table Depth: et aby
' Geologi : urm : Vegetative Cover: g%
| Geologic Materlal(s): [ St & ; — T =5
Soil Classification: SSURGO Mapping Unit: o &
Redon Concentrations Redax Dapletions
Eaﬂ,_cﬁﬂ_hnﬁ?ﬂ._i_ (precent/sizefcolor] Sxuctare Reaction to
~ — — —
Feimst
i . Pome Alom Text.
Harlzan _umﬂ_: m:a“ﬂ" E_“«.E_ zﬂ:hhu Linings In Matrix ui_.u | Cuass | Grade Size Shape HGIL Hally Dignaidyt | Boundary %w_..q..ss!
; o ot 2 G
U e S 5 4ot s o | o |Less ¢ 1
znw... o wyo ._w..rwl__ ,.\_a..mu_
— & .(.
[N Fo TR Y 249 o W
I+ ﬂamm”u,f res v e [ o . L m Wn
e P
Y o b L
— Al e /7 T
o€ o TR R Fl Chatis LS y Lrart
E R P L AN Fole t - -
\u,w._.,_a: ¥ ”.\_— L

50



Appendix Figure B.6. Hydric Soil Survey Description Sheet Kramer 6

51

sampling Location:  pices |<brcied © VIOU20242 £ [F51374,4 W) Date: 3/1v/24
Describer: CTv Wetland/Upland Type or Classification: | T ber S nef
Surface Water Depth: Nt wis¢ Water Table Depth: vt b
Geologic Material(s): 0 a\ie~  Se A Vegetative Cover: Se=Sc , :
Soil Classification: SSURGO Mapping Unit: VeSS BEY
L, Redox Concentrations Redox Depletions Structure Reaction to
U
LA
,x:?..
b Ten
/ Noi 5
Horizon _”n.ﬂ. nﬁ..El :.M.na ho.-.._n_ua c?.._l.ﬁ.r In Matrix R.ﬁ Class Grade Size Shay el HiOs Boundary | Comment
\ WL B ik F,“
Y e St VS 5 | = Loyt &
oy 1 Sond &
wﬂu& ¥ T B
oM oML FE | WAME S5 |19 _\.%
2\ W, vv oWl v 'k - (oo™
ey O C
2l
= WiE Y YR ES
220 % r 7 LS o [ — | Gess 2.
Lo




Appendix Figure B.7. Hydric Soil Survey Description Sheet Kramer 7

Sampling Location: verz hveon-d @ 1204098 1E  125U8H SiM Date: 324
oomM;ch. G Wetland/Upland Type or Classification: | ~T % o
Surface Water Depth: ne ol Water Table Depth: pa oo,
. Vegetative : £ v
Geol Material(s): Cover: e .
me__PMMMm_znng. SSURGO Mapping Unit: Ve SVo- 0 Wm«uJ
Redex Concontrations Recax Depletions Suutaie o
) ]
FeMN o g
Harteoa 085.9; nﬂ“ﬂ~ :”l- fnﬂ“ _."!e..n In Matrix vﬂ“ o...u.u Graoe Size Shape HCL H:0: Dipyridyt | Boundary | Comment
= 5% S ?,,: T 5 g
5 S AN <~ | poss
» (_4 1, S ¥ &
o'l
~ | oy \HES/ | 1441 5 | s o
M s ] D =2
Ve < = s o
)%/ﬁ @.r \ ﬁ\':v_i 51 ,»awn&“a [ 2 *jhaib >
\w.. m J?ﬂ, e b\ <o .
¥ o S
> N
C ey e 75 LS vy - I | sy &
B Pes (-0 §-Ce S . A
Lo (0T
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Appendix Figure B.8. Hydric Soil Survey Description Sheet Kramer 8

Sampling Location: i Lbde cined € 12029 89,526 18505 L214

Date:

/729

Describer: Covs Wetland/Upland Type or Classification: | b o=\
Surface Water Depth: ey ok Water Table Depth; wsY  pisd
Geologic Material(s): ooNie~ SAnd Vegetative Cover: aces Mm. o g
Soll Classification: SSURGO Mapping Unit: Chadady Co. OFO
i PatoR Structure Reaction to
FeMn ’
Conc. Pore Aoag oxt.
Horlzon us.s_s_. nu...-h..w. s | s Lnings | InMatrix | Pores Class__ | Grace sie Shape el W0, | Dipyriay | Boundsry | Comment
_Q.rwﬂ} ol W : .
“ % ey LS | & | = |tess ¢
BT 2 oy é
22, s Z5TA
L[5 7 G 1y PO -
&\ Jru.sf g TR ra ‘wwr _rw D m,
. h =
CE I A , e et
Do ff T | . B
24 40 P LA N L5 o S
L 7] e gy i
450
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Sampling Location: nar <> o ~Sves ¢ \3B3ISY HUSE 1550 %A | pate: ZA 721 — .\N 4
Describer: CS M Wetland/Upland Type or Classification: atercia i
Surface Water Depth: not b Water Table Depth:
Geologic Material(s): eNgA G Vegetative Cover: 3 Mrr <! c\.v r,, -
Soil Classification: SSURGO Mapping Unit: R StxMeic, S35
Redox Concentrations Redox Depletions it = 5
FaMN d
Oe M Fe Conc.t Por Along e,
Horizon _nﬂ. Qﬂﬂ_ Masses zoﬂn!u :E.F In Matrie Pores Class Grade Size Shage HCt H:0, Dipyridyl | Boundary | Comment
1ol @ st T4
w mr O - —..\; A Ch [
A oy A 5
to e A 35| <, wp\ o \e)h c
(o) ¥ 4 —
MER, R
7 b co &% N 4 : s ~ C
s ) o oy, N b3 J M
\oc 0
s ) 2 fMe Vi - & -
\v»v 450 _\ma_a\ Y Lout 4 r\m 0 ma ,@
(a4# S &o
3351

Appendix Figure B.9. Hydric Soil Survey Description Sheet Kramer 9
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Appendix Figure B.10. Hydric Soil Survey Description Sheet Kramer 10

mfp

Sampling Location: +icc» Lt trsles [ 202851 1oE s (7247 |bate: 7/\ /24 i
Describer: M~ Wetland/Upland Type or Classification: Taterdine
Surface Water Depth: A Wz Water Table Depth: pet o
Geologic Materialls): v A Vegetative Cover: q m Ss =27
Soil Classification: SSURGO Mapping Unit: .wfk@& & (2 > bBd
Rosion . Structure Reaction to
!
Mo 1
Por e,
Horizan nﬂmﬂ". nﬁﬂ xhnunu _Gnﬂnhm . In Matrix 2.." Cuass Grate Slze Snape HCL Hi0; Dipyridyt | Bouncary | Comment
W _os,ﬂ .x ..uhm\.\ By i
- o b $ Q -~ Lo 'S
g ¥ | G
. < (LS4 (o1 9 B '
Q  [erh s 6 S| s | = | M 5
oy 52 ¢ .
w0y Y4 Lt 55 | Loy Y/ s .
25 [ RGE M v i W = mh C
& e ..\M ¥ '
L/ A ETA . - -
JV/’\ _JPA.?\ vE-G i .\W S A \ww
Wy 94 ot el Y(
7= {AYe
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Appendix Figure B.11. Hydric Soil Survey Description Sheet Kramer 11

ﬁm\z&d‘\ M Tater, ’

Sampling Location: (it wglsd X | 30 b€ 1151218 T Date: A Ve
Describer: CSh— ‘Wetland/Upland Type or Classification: Latedas nel
Surface Water Depth; net obh Water Table Depth: 16,5 s
T ET M\{
Geologic Material(s): AN gzad Vegetative Cover: = ‘
Soil Classification: SSURGO Mapping Unit: S&81
Redax Concentrations Redox Depletions Siructre Heaction to
Al AL !
Fe/Mul . z
Pore ex1.
Horlzon amnﬂ“. oﬂ”ﬂ. zyﬂa zneﬂ._i_h Linings 0 Matrix Pores Class Grade Size HCL M0y Dipyryt Comment
ONEY =
> \ .W 7 ﬂm\v«z L P - m A
T%
‘ Y St 34| 1990 Y, &LS j
A w \T ' _%.: o i
ﬂ....? i
Civn
141e1€ 3 \__J‘..\..‘\r<\4 oMt w.\‘ ﬁbwf
Ao e seel wl  fees| © A
Tt
. C el SEACTSArS 4. 5L
c/A | 7r s e o Wi~ (O i | = |k
(alSas) ] A 3 A
_ & toirclen [ £ies

ﬂw S v§
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Appendix Figure B.12. Hydric Soil Survey Description Sheet Kramer 12

ad g
[ Sampling Location:ptus, G- | W@ 120 P13 5uf | $614 13 T A/ Date: T2y
Describer: [ Wetland/Uptand Typa or Classification: | T.1% - - d e !
Surface Water Depth: L] Water Table Depth: it de
Geologic Material(s): -5 TR T Vegetative Cover: Gre i .
5oil Classification: _ _SSURGO Magping Unit: [T
. Radoe Concentrations Fed cwx Depletions
2 ﬁua_S:ﬂEi:“_ﬁhhnuna {precentsimicoion) Enactuny teactionta
FeiMN
Dagth Paitr b Fa Cancd Fare Along Test.
Harizait femy Coolor(s) Masses Kodules :___:uu._. I Matris Pores Clags Grade Site Shape HEL Helh Dipyriyl | Boundary | Commant
- e i Loie 9y .
7 VE ey Ls < ST e
S d 40 ~
. & 11 —n Pm_.\ N
- - .:.- J_ .—. mu. Sl hl V. -
I'e s b S i - s M..W
FLJ“{W & rIL
oy T T Y iR .
Vi Y E vE e L2 | . i s
sl ¥ Wk (e - .
TR E A ]
71 _c4ﬂm__“, mﬂ.ﬂ_ﬂ LS ,
c CET I T A ) s
L] b -
i S| et e i
Fat1 AELT S w7 ¥ o i} it
ot e s ¥

57



Appendix Figure B.13. Hydric Soil Survey Description Sheet Kramer 13

Canr o
[ Sampling Location: Mins G | 303727.29& 18514 26 B34 | Date: ¥ 2/24
| Describer: Gy _ Wetland/Upland Type or Classification: | T, +end, 4 ef B
Surface Water Depth: Mot Ao Water Table Depth: S -
| Geologic Materialls): @ gplen o & Vegetative Cover: A*M_ﬂﬂ 55 mmﬁm ...MJ._. 3
e T Unit: TErANLSN
Soil Classification: SSURGO Mapping Unit e
Redox Cancentrations Redos Depletions SRructune Reaction
[percent/saefcobariocationy {precentaizeicolorn]
0 e Al T,
Horlzan a.”q”ﬂ. n,“aln_ﬂ.-_“_ __szhn-ﬂu ZDDHH‘ _Le.._o_“u In: Manris .uo..“ _....Eu.m Grame Size Shape HCL Hallla Digyrichyl | Soundary | Comment
; ’ M e |
2 g St 5| | |med | &L, — | s
ol dh ] sL . .
sl BL ¥y PGHILY) _ ) |t
Mﬁm ! Mu_‘%&xr 4”..&__. m_...u._:_\..-ig mr\ mu _w.\._.‘.n_ _x_‘__a _ \“ J
. ot Tz > ) -
B EETTATIET )
7% | i) # U S| T — Al - § |
5 m.v |
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Appendix Figure B.14. Hydric Soil Survey Description Sheet Kramer 14

Fdge

Sampling Location: (A Pl 135407 1A 135507, B Date: T IPT
Describer: (5vh, Wetland/Upland Type or Classification: | "L a'mergiviaal
Surface Water Depth: ol s Water Table Depth: pal o, ]
Geologic Materialis): 2k - Sa B Vegeatative Caver: nw =55
Soil Classification: SSURGO Mapping Unit: S86 1 |
]
B ol ox Depletions
Humﬂnﬁﬂﬂﬂﬁg. _Hwnﬂ_ﬁh.“_ags Amca Feaction i
Faitan
] ] Fare: Ao Tasn,
Harizon n".mhuq. nﬂ“:zn” zmﬂuua zn..-ﬂn.hn___ Linings In Mak rix _vo.m“ Clags Grade Size Shape HE Halh Dipyriiyd | Boundsry | Comment
& =% %wﬁq.u S " e o
6 |on¥: AP _
fodd g 05 M| e | . .
G ool e o |- |mA as
Ll B uﬂﬂ. T
.ﬂrﬁ.ﬂ. iFRLs; g Y T
D ety cwu ¢ A S| e |~ | mé —
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Appendix Figure B.15. Hydric Soil Survey Description Sheet Kramer 15

Sampling Location: itk Date: ) 22y
Describer: [ Wetland/Upland Type or Classification: Toaterdune \
surface Water Dapth: Mot =k Water Table Depth: [ .
Geologic Materialisk: N T Vegetative Caver: g 3
| Soll Classification: SSURGO Mapping Unit; =Y
Reoax Co I Redox Dapletiors .
_Eagﬁu_"uﬂuﬁ.ﬂoﬂﬂé (pecen/sizercolon) St Freaction to
FeiHH
' #an Tos.
N _u__nﬂﬂﬁ nﬁﬂw z-...h».... _“...W.n-r#__m .‘u.m.u__smau In Matrix _uoﬁu Clags Grade Size Shape HECL Hal: | Dipyridyl | Bounday | Comment
EaL ST TR
% £ s LS| @ — | Ltz c L
st (o] Tl §

101 Y| b/~

L. 254y e a5 - L :
Ty R 1oy, — A B
C 7 J L Sy J.owr;_.uh, Y L S o Ul (-
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Appendix Figure B.16. Hydric Soil Survey Description Sheet Kramer 16

Sampling Location: v S | 13034400 135105, ST A Date: 2/ 2 A
| Describer: Gl Wetland/Upland Type or Classification: | . 14 Fer doa-, )
| Surface Water Depth: ¥ b Water Table Depth: 5" ]
“mmnpom_n Materizl(s). PNy Vegetative Cover: a3 .
Soil Classification: SSURGO Mapping Unit: I W.m m I,
puoemricsaocnton) | frecenusiarion smcire Peactono
Eemn
e i e ’ Ay Tzt
Harizee oﬁﬂ"_ Hr. z__ﬂunu _znh_ﬂhm cﬂ_ﬂu 1 Matrix 2” Class ‘Cuade Size Shape ] Hzlh Ciyricgl y | Comment
e 4y §
1ot At o 7
w m.un..__o — n.Wﬁ... — _‘.5 m‘_ﬂr _ﬁ.!
. - - T —
Lo 3, STFL .
V[ c Sl | - | ma c
el & dhméﬁmﬁwﬂm. LS
'zl & P PN _

¢
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Appendix Figure B.17. Hydric Soil Survey Description Sheet Kramer 17

Sampling Location: #ll 5 ] Date: iz 2y .
Dascriber: a\l Wetland/Upland Type or Classification: m..b.fu.unh s “
- 7
| Surface Water Depth: net e Water Table Depth: 21
Geologic Matertal(s): Celio Vegetative Cover: ] S =5
Soll Classification: SSURGO Mapping Unit: SESY ]
Redax Carcantralions Redon Depletians
‘IV {peveeruszecoiorocatii) {precantisizicosark Structure Reactigato
EefMib
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Appendix Figure B.18. Hydric Soil Survey Description Sheet Kramer 18
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Appendix Figure B.19. Hydric Soil Survey Description Sheet Kramer 19

ebse S
Sampling Location:{\i0% |- | 1203593227 F  gs2.132.59 A Date: /2y .
Describer: [N Wettand/Upland Type or Classification: \H;.af\\nw... .)Ip
Surface Water Depth: it e Water Table Depth:
Gealogic Material{s): Tolwa Vegetative Cover: GBS _
Soil Classification: SSURGO Mapping Unit: SR € SEE ]
Redox Depleti a
_3H==ah%“w-n““””§_ Hwiaﬂqhﬁa”:_hu Structure Rescian e
FaiMH .
rix ane Alon, Bl
Hozizan .ﬂ“_.__. n.“._._“«_& zmnwnmmm zagn _.u _.H._Mn I Matis vaﬂu ) Class Grade Sixe Shaps HEI Hzla Dipyrigyl | Boundary | Commarnt
) H eI
m —Orn ' wU.&L. .nu”.w\ “\ m-lﬂ %] - Lassny ﬁ-
w3 ¢
(4 1
X ST il
1] I o | o .
wH ' ,.:...A_mﬂ i (i n-s_ﬁ.m_.ﬁ. L > o — ﬁf.u\ ﬁl.
A o C
B e T i -
a i & ;
23 | e =] LS o Lorit _
T lled o cothr ol ok s © A g s, e[ chedge ST kachee of
_v.:\.;u nm«__..mwm.. T diderey

64



Appendix Figure B.20. Hydric Soil Survey Description Sheet Kramer 20
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Appendix Figure B.21. Hydric Soil Survey Description Sheet Kramer 21
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Appendix Figure B.22. Hydric Soil Survey Description Sheet Kramer 22
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Appendix Figure B.23. Hydric Soil Survey Description Sheet Kramer 23
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Appendix Figure B.24. Hydric Soil Survey Description Sheet Kramer 24
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Appendix Figure B.25. Hydric Soil Survey Description Sheet Kramer 25
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Appendix Figure B.26. Hydric Soil Survey Description Sheet Kramer 26
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Appendix Figure B.27. Hydric Soil Survey Description Sheet Kramer 27
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Appendix Figure B.28. Hydric Soil Survey Description Sheet Pfister 1
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Appendix Figure B.29. Hydric Soil Survey Description Sheet Pfister 2
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Appendix Figure B.30. Hydric Soil Survey Description Sheet Pfister 3
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Appendix Figure B.31. Hydric Soil Survey Description Sheet Pfister 4
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Appendix Figure B.32. Hydric Soil Survey Description Sheet Pfister 5
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Appendix Figure B.33. Hydric Soil Survey Description Sheet Pfister 6
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Appendix Figure B.34. Hydric Soil Survey Description Sheet Pfister 7
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Appendix Figure B.35. Hydric Soil Survey Description Sheet Bengston 1
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Appendix Figure B.36. Hydric Soil Survey Description Sheet Bengston 2
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Appendix Figure B.37. Hydric Soil Survey Description Sheet Bengston 3
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Appendix Figure B.38. Hydric Soil Survey Description Sheet Bengston 4
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Appendix Figure B.39. Hydric Soil Survey Description Sheet Bengston 5
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Appendix Figure B.40. Hydric Soil Survey Description Sheet Bengston 6
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Appendix Figure B.41. Hydric Soil Survey Description Sheet Bengston 7
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Appendix Figure B.42. Hydric Soil Survey Description Sheet Bengston 8
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Appendix Figure B.43. Hydric Soil Survey Description Sheet Bengston 9
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Appendix Figure B.44. Hydric Soil Survey Description Sheet Bengston 10
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Appendix Figure B.45. Hydric Soil Survey Description Sheet Bengston 11
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Appendix Figure B.46. Hydric Soil Survey Description Sheet Bengston 12
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Appendix C - IRIS Information

Appendix Figure C.1. Total Number of Analyzed Films

Total Films Pulled Films (Animal Analyzed
Activity)
East Kramer 90 8 82
West Kramer 90 10 80
Pfister 90 6 84
Total 270 24 246

Appendix Figure C.2. Hydric locations meeting the anaerobic conditions standard
(at least one film with 30% or more Fe removal in a contiguous 15-cm window), by
deployment round. "Met standard" reflects whether any analyzed film at that
location, in that round, reached the threshold. Films analyzed is shown out of 5
expected; shortfalls are due to unrecovered films (2026 East Kramer and Pfister
rounds) or confirmed animal disturbance (West Kramer V, round 2, excluded and
marked N/A since no films were analyzed as a result of being unaccounted for).

Round 3: 2026

2025 2025

Round 1: early spring Round 2: late spring

Location
Films Met Films Met Films Met
analyzed standard analyzed standard analyzed standard

East

H 50f5 Yes 50of 5 Yes 50f5 Yes
Kramer
East P 50f5 No 50f5 No 50f5 Yes
Kramer
E
ast E 50f 5 No 50f5 Yes 30f5 No
Kramer
West U 5of5 No 50f5 No 50f5 No
Kramer
West v 50f5 No 0 of 5* 50f5 No
Kramer
West X 50f5 No 50f5 No 50f5 No
Kramer

92



Pfister B 50f 5 No 50f 5 No 4 0of 5 No
Pfister D 50f 5 No 50of 5 No 40f 5 No

Pfister K 50f5 No 50f 5 No 30of5 No
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Appendix D - Well Data

Appendix Figure D.1. East Kramer E Hydric and Upland 2026
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Appendix Figure D.2. East Kramer P Hydric and Upland 2026
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Appendix Figure D.3. West Kramer V Hydric and Upland 2026
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Appendix Figure D.4. West Kramer X Hydric and Upland 2026
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Appendix Figure D.5. Pfister B Hydric and Upland 2026
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Appendix Figure D.6. Pfister D Hydric and Upland 2026
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Appendix E - WETS Tables and Weather Station Data

Appendix Figure E.1. Hudson Weather Station Monthly Precipitation in 2024 with
WETS table 30th and 70th percentile ranges

70th Percentile 2024 Monthly

30th Percentile

Classification 2024

(cm) (cm) Precipitation (cm)

January 0.79 2.13 5.26 Wet
February 0.53 2.64 1.52 Normal
March 2.67 6.93 0 Dry
April 3.3 7.39 0.38 Dry

May 6.45 12.47 9.78 Normal

June 6.1 10.39 12.19 Wet
6- Month

Total 23.7 51.8 29.13 Normal

Appendix Figure E.2. Hudson Weather Station Monthly Precipitation in 2025 with
WETS table 30th and 70th percentile ranges

70th Percentile

2025 Monthly
Precipitation

Month 30th Percentile (cm) (cm) (cm) Classification 2025
January 0.79 2.13 2.44 Wet
February 0.53 2.64 1.14 Normal
March 2.67 6.93 0.3 Dry
April 33 7.39 6.17 Normal
May 6.45 12.47 12.22 Normal
June 6.1 10.39 16.99 Wet
6- Month
Total 23.7 51.8 39.26 Normal

Appendix Figure E.3. Sterling Weather Station Monthly Precipitation in 2024 with
WETS table 30th and 70th percentile ranges

70th Percentile

2024 Monthly

Classification 2024

30th Percentile (cm)

Precipitation (cm)

January 1.07 2.49 4.78 Wet
February 0.61 2.64 2.49 Normal
March 3.56 8.15 3.3 Dry
April 3.63 7.24 0.41 Dry

May 7.04 13.39 7.98 Normal

June 5.61 11.68 14.33 Wet
6- Month

Total 26.3 57.23 33.29 Normal
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Appendix Figure E.4. Sterling Weather Station Monthly Precipitation in 2025 with
WETS table 30th and 70th percentile ranges

2025 Monthly

70th Percentile Precipitation
30th Percentile (cm) (cm) (cm) Classification 2025
January 1.07 2.49 3.4 Wet
February 0.61 2.64 1.73 Normal
March 3.56 8.15 0.33 Dry
April 3.63 7.24 4.88 Normal
May 7.04 13.39 11.15 Normal
June 5.61 11.68 22.68 Wet
6- Month
Total 26.3 57.23 44.17 Normal
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Appendix F - Vegetation Survey Data

Appendix Figure F.1. East Kramer E Hydrophytic Vegetation Survey (2025)

E - E Kramer, 2025

E - E Kramer, 2025

PLAND DR
Sample One Sample One
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Pitcher sage Salvia azurea 5%|UPL Pitcher sage Salvia azurea 10% |UPL
Buffalograss Bouteloua dactyloides 3%|UPL ° Canadian horseweed _|Conyza canadensis 20% |UPL o
Western ragweed Ambrosia psilostachya 8% |UPL
Little green sedge Carexviridula 3% |OBL
Sample Two Sample Two
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover H.V. Rating Test Passed
Deertongue Dichanthelium clandestinum 8%|FAC Hemp dogbane Apocynum cannabinum 5%|FAC
Buffalograss Bouteloua dactyloides 12% |UPL Western ragweed Ambrosia psilostachya 15%|UPL
Indiangrass Sorghastrum nutans 2%|UPL 0 Canadian horseweed  [Conyza canadensis 18% |UPL 0
Perennialryegrass Lolium perenne 9% |FACU
Western d |Descurainia pinnata 5%|UPL
Sample Three Sample Three
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Deertongue Dichanthelium clandestinum 1%|FAC Western ragweed Ambrosia psilostachya 15%|UPL
Buffalograss Bouteloua dactyloides 9%|UPL Prairie cordgrass Spartina pectinata 2%|FACW
Green foxtail Setaria viridis 3%|UPL 0 Pitcher sage Salvia azurea 4% [UPL 0
Canadian horseweed Conyza canadensis 8% |UPL
Downy brome Bromus tectorum 6% |UPL
Sample Four Sample Four
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover H.V. Rating Test Passed
Common mullein Verbascum thapsus 3% |UPL Black willow Salix nigra 15%|FACW
Indiangrass Sorghastrum nutans 3% |UPL Pitcher sage Salvia azurea 9%|UPL
Canadian horseweed Conyza canadensis 5%|UPL 0 Canadian horseweed Conyza canadensis 5% |UPL 3
Green foxtail Setaria viridis 3% |UPL Downy brome Bromus tectorum 3% |UPL
Yellow nutsedge Cyperus esculentus 1%|FACW Western ragweed Ambrosia psilostachya 4% |UPL
Prairie cordgrass Spartina pectinata 9% |FACW
Sample Five Sample Five
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover H.V. Rating Test Passed
Hemp dogbane Apocynum cannabinum 8% |FAC Western ragweed Ambrosia psilostachya 9% |UPL
Buffalograss Bouteloua dactyloides 18%|UPL 0 Three-square bulrush  |Schoenoplectus pungens 3% |OBL [
Indiangrass Sorghastrum nutans 3%|UPL Deertongue Dichanthelium clandestinum 15%|FAC
Appendix Figure F.2. East Kramer E Hydrophytic Vegetation Survey (2026)
E - E Kramer, 2026 E - E Kramer, 2026
PLAND DR
Sample One
Common Name Scientific Area % Cover H.V. Rating Test Passed
Scouringrush horsetail Equisetum hyemale 15% |FACW
Three-square bulrush Schoenoplectus pungens 80%|OBL 1
Black willow Salix nigra 5% |[FACW
Sample Two
Common Name Scientific Area % Cover H.V.Rating | TestPassed
Scouringrush horsetail Equisetum hyemale 15% |FACW
Three-square bulrush Schoenoplectus pungens 80%|OBL 1
Black willow Salix nigra 5% |FACW
Sample Three
U.S. Army Corps materials that in the event of the hydric zone (zone one) meeting rapid test (1) _Common Name __Scientific Area%Cover | H.V.Rating | TestPassed
. . Scouringrush horsetail Equisetum hyemale 15% |FACW
conditions, that an upland survey is unnecessary.
Three-square bulrush Schoenoplectus pungens 80%|OBL 1
Black willow Salix nigra 5% |FACW
Sample Four
Common Name Scientific Area % Cover H.V. Rating Test Passed
Scouringrush horsetail Equisetum hyemale 15% |[FACW
Three-square bulrush Schoenoplectus pungens 80% |OBL 1
Black willow Salix nigra 5% |FACW
Sample Five
Common Name Scientific Area % Cover H.V. Rating Test Passed
Scouringrush horsetail Equisetum hyemale 15%|FACW
Three-square bulrush Schoenoplectus pungens 80%|OBL 1
Black willow Salix nigra 5% |FACW
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Appendix Figure F.3. East Kramer H Hydrophytic Vegetation Survey (2025)

H - E Kramer, 2025 H - E Kramer, 2025
UPLAND HYDRIC
Sample One Sample One
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover H.V. Rating Test Passed
Canadian horseweed Conyza canadensis 2%|UPL Yellow foxtail Setaria pumila 5% |UPL
Yellow foxtail Setaria pumila 7% |UPL Western ragweed Ambrosia psil 6% |UPL
Kentucky bluegrass Poa pratensis 9%|FACU 0 Yellow nutsedge Cyperus esculentus 2%|FACW 0
Canadian horseweed _|Conyza canadensis 1%|UPL
Bluestem broomsedge |Andropogon virginicus 80%|FACU
Sample Two Sample Two
Common Name ifi Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Pitcher sage Salvia azurea 3%|UPL Canadian horseweed  |Conyza canadensis 5% |UPL
Green foxtail Setaria viridis 8% |UPL Western ragweed Ambrosia psilostachya 3%|UPL
Canadian horseweed Conyza canadensis 2%|UPL 0 Little green sedge Carexviridula 7%|0BL 2
Prairie cordgrass Spartina pectinata 46% |FACW
Sample Three Sample Three
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover H.V. Rating TestPassed
Pitcher sage Salvia azurea 3%|UPL Common woodsorrel Oxalis acetosella 9%|FAC
Talldropseed Sporobolus compositus 2%|FACU Common milkweed Asclepias syriaca 4%|UPL
Yellow foxtail Setaria pumila 5% [UPL ° Western ragweed Ambrosia psil 4% |UPL °
Canadian horseweed  |Conyza canadensis 5% |UPL
Scouringrush horsetail |Equi: hyemale 3%|FACW
Prairie cordgrass Spartina pectinata 10% [FACW
Sample Four Sample Four
Common Name ifi Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Canadian horseweed Conyza canadensis 6%|UPL Pitcher sage Salvia azurea 5% |UPL
Orange foxtail Alopecurus aequalis 10%|OBL 0 Talldropseed Sporobolus compositus 13%|FACU 0
Western ragweed Ambrosia psilostachya 9%|UPL Hemp dogbane Apocynum 1%|FAC
Common woodsorrel Oxalis acetosella 1%[FAC
Sample Five Sample Five
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover H.V. Rating Test Passed
Western tansymustard Descurainia pinnata 11% |UPL Western ragweed Ambrosia psilostachya 7%|UPL
Pitcher sage Salvia azurea 4%|UPL ° Yellow nutsedge Cyperus 5% |FACW °
Canadian horseweed Conyza canadensis 2%|UPL Little green sedge Carexviridula 3%|OBL
Talldropseed Sporobolus compositus 5%]|FACU Talldropseed Sporobolus compositus 4%|FACU
Appendix Figure F.4. East Kramer H Hydrophytic Vegetation Survey (2026)
H - E Kramer, 2026 H - E Kramer, 2026
PLAND DR
Sample One Sample One
Common Name Scientific Area % Cover H.V. Rating TestPassed Common Name Scientific Area % Cover H.V. Rating TestPassed
Canadian horseweed Conyza canadensis 15%| UPL Kentucky bluegrass Poa pratensis 45%|FACU
Little bluestem Schizachyrium scoparium| 15%|UPL 0 Little green sedge Carexviridula 20%|OBL 0
Canadian horseweed Conyza canadensis 10% |UPL
Sample Two Sample Two
Common Name Scientific Area % Cover H.V. Rating Test Passed Common Name Scientific Area % Cover H.V. Rating Test Passed
Canadian horseweed Conyza i 10%|UPL 0 Yellow nutsedge Cyperus esculentus 50% |FACW 2
Little bluestem Schizachyrium scoparium 40%|UPL broomsedge 5% |FACU
Sample Three Sample Three
Common Name Scientific Area % Cover H.V. Rating TestPassed Common Name Scientific Area % Cover H.V. Rating TestPassed
Canadian horseweed Conyza canadensis 10%|UPL Little green sedge Carexviridula 20%|OBL
Western ragweed Ambrosia psilostachya 10%|UPL 0 Yellow nutsedge Cyperus esculentus 40%|FACW 1
Little bluestem Schizachyrium scoparium 15%|UPL
Sample Four Sample Four
Common Name Scientific Area % Cover H.V. Rating Test Passed Common Name Scientific Area % Cover H.V. Rating Test Passed
Canadian horseweed Conyza ¢ 8% |UPL Little green sedge Carexviridula 20%|OBL
Western ragweed Ambrosia psilostachya 8% |UPL 0 Yellow nutsedge Cyperus esculentus 40% |FACW 1
Little bluestem Schizachyrium scoparium| 10%|UPL Bottlebrush sedge Carex comosa 10% |OBL
Sample Five Sample Five
Common Name Scientific Area % Cover H.V. Rating TestPassed Common Name Scientific Area % Cover H.V. Rating Test Passed
Canadian horseweed Conyza canadensis 15% | UPL Yellow nutsedge Cyperus esculentus 60%|FACW
Western ragweed Ambrosia psilostachya 3%|UPL 0 broomsedge 20%|FACU 2
Little bluestem Schizachyrium scoparium| 5%|UPL
Indiangrass Sorghastrum nutans 3%|UPL
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Appendix Figure F.5. East Kramer P Hydrophytic Vegetation Survey (2025)

P - E Kramer, 2025

P - E Kramer, 2025

UPLAND HYDRIC
Sample One Sample One
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover H.V. Rating Test Passed
Deertongue Dichanthelium 5%|FAC Pitcher sage Salvia azurea 25%|UPL
Yellow foxtail Setaria pumila 6% |UPL Deertongue Dichanthelium clandestinum 10%|FAC
Canadian horseweed Conyza canadensis 1% |UPL 0 Western ragweed Ambrosia psilostachya 2%|UPL 0
Little green sedge Carexviridula 3%]|OBL Kentucky bluegrass Poa pratensis 5%|FACU
Indiangrass Sorghastrum nutans 2%|UPL
Sample Two Sample Two
Common Name ifi Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Canadian horseweed Conyza canadensis 1%|UPL Pitcher sage Salvia azurea 22%|UPL
Little bluestem Schizachyrium scoparium 5%|UPL Smooth sumac Rhus glabra 15%|UPL
Little green sedge Carexviridula 13%|OBL 3 Canadian horseweed  |Conyza canadensis 5% |UPL 0
Kentucky bluegrass Poa pratensis 5%|FACU Western ragweed Ambrosia psilostachya 10% (UPL
Deertongue Dichanthelium clandestinum 7%|FAC
Sample Three Sample Three
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover H.V. Rating TestPassed
Canadian horseweed Conyza canadensis 4%|UPL Pitcher sage Salvia azurea 13% |UPL
Little yrium scoparium 20%|UPL 0 [
Little green sedge Carexviridula 5% |OBL
Sample Four Sample Four
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover H.V. Rating TestPassed
Indiangrass Sorghastrum nutans 12%|UPL Pitcher sage Salvia azurea 9% |UPL
Little green sedge Carexviridula 3%|OBL ° Smooth sumac Rhus glabra 11%|UPL °
Western ragweed Ambrosia psi 8%|UPL
Canadian horseweed  |Conyza canadensis 5% |UPL
Sample Five Sample Five
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover H.V. Rating Test Passed
Smooth sumac Rhus glabra 1% |UPL Green foxtail Setaria viridis 13% |UPL
Canadian horseweed Conyza canadensis 2%|UPL Deertongue Dichanthelium clandestinum 5%|FAC
Indiangrass Sorghastrum nutans 4%|UPL 0 Henbit deadnettle Lamium amplexicaule 6% |UPL 0
Kentucky bluegrass Poa pratensis 5%|FACU Canadian horseweed _|Conyza canadensis 10%|UPL
Little green sedge Carexviridula 3%|OBL Western ragweed Ambrosia psilostachya 8%|UPL
Appendix Figure F.6. East Kramer P Hydrophytic Vegetation Survey (2026)
P - E Kramer, 2026 P - E Kramer, 2026
PLAND DR
Sample One
Common Name Scientific Area % Cover H.V. Rating Test Passed
Scouringrush horsetail Equisetum hyemale 15% |[FACW
Slender rush Juncus tenuis 15%|FACW 1
Three-square bulrush Schoenoplectus pungens 70%|OBL
Sample Two
Common Name Scientific Area % Cover H.V. Rating Test Passed
Scouringrush horsetail Equisetum hyemale 15%|FACW
Slender rush Juncus tenuis 15%|FACW 1
Three-square bulrush Schoenoplectus pungens 70%|OBL
Sample Three
U.S. Army Corps states that in the event of the hydric zone (zone one) meeting rapid test (1) _Common Name __ Scientific Area% Cover | H.V.Rating | TestPassed
q Scouringrush horsetail Equisetum hyemale 15% |FACW
that an upland survey is unnecessary. "
Slender rush Juncus tenuis 15% |[FACW 1
Three-square bulrush Schoenoplectus pungens 70%|OBL
Sample Four
Common Name Scientific Area % Cover H.V. Rating TestPassed
Scouringrush horsetail Equisetum hyemale 15% |FACW
Slender rush Juncus tenuis 15% [FACW 1
Three-square bulrush Schoenoplectus pungens 70%|OBL
Sample Five
Common Name Scientific Area % Cover H.V. Rating Test Passed
Scouringrush horsetail Equisetum hyemale 15% |[FACW
Slender rush Juncus tenuis 15% [FACW 1
Three-square bulrush Schoenoplectus pungens 70%|OBL
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Appendix Figure F.7. West Kramer U Hydrophytic Vegetation Survey (2025)

U-WEKramer,2025

U-W Kramer, 2025

UPLAND HYDRIC
Sample One Sample One
Common Name Scientific Area % Cover | H.V. Rating | TestPassed Common Name Scientific Area % Cover [ H.V. Rating | Test Passed
Little green sedge Carexviridula 3%|0BL Hemp A pocynum C l 56 |FAC
Indiangrass Sorghastrum nutans 2% |UPL 0 C. ian horseweed Comyza canadensi 15% [UPL 0
C ian horseweed Conyza canadensis 3% |UPL Western tansymustard  [Descurainia pinnata 26 |UPL
Tall dropseed Sporobolus compositus 108 |FACU
Sample Two Sample Two
Common Name Scientific Area % Cover | H.V. Rating | TestPassed Common Name Scientific Area % Cover [ H.V. Rating | Test Passed
Yellow foxtail Setaria pumila 3% UPL Little green sedge Carex viridula 54 |OBL
C ian horseweed Conyza canadensis 3% |UPL ° ¥ellow foxtail |Setaria pumila 7% [UPL 0
Little bluestem Schizachyrium scoparium 20%|UPL Tall dropseed Sporobolus compositus B |FACU
Sample Three Sample Three
Common Name Scientific Area % Cover | H.V. Rating | TestPassed Common Name Scientific Area % Cover [ H.V. Rating | Test Passed
‘Western ragweed Ambrosia hya 3% |UPL C. ian horseweed Comyza canadensi 15% [UPL
C ian horseweed Conyza canadensis S%|UPL o Prairie cordgrass Spartina pectinata 22% |FACW 3
Cranesbill Geranium richards onii 74%|FAC
Sample Four Sample Four
Common Name Scientific Area % Cover | H.V. Rating | TestPassed Common Name Scientific Area % Cover [ H.V. Rating | Test Passed
C ian horseweed Conyza canadensis 11%|UPL C. ian horseweed Comyza canadensi 17% [UPL
Little bluestem Schizachyrium scoparium 5%|UPL ° Prairie cordgrass Spartina pectinata &6 [FACW 0
‘Western tansymustard | Descurainia pinnata 7% |UPL
Musk thistle Carduus nutans 20%[UPL
Sample Five Sample Five
Common Name Scientific Area % Cover | H.V. Rating | TestPassed Common Name Scientific Area % Cover [ H.V. Rating | Test Passed
‘Western ragweed Ambrosia hya S%|UPL C. ian horseweed Comyza canadensi S |UPL
Deertongue Dichanthelium clandestinum 11%|FAC Western tansymustard  [Descurainia pinnata 2% |UPL
Musk thistle Carduus nutans 5%|UPL ° (Western wallflower Erysimum capitatum 36 |UPL °
C ian horseweed Conyza canadensis 4% |UPL Tall dropseed Sporobolus compositus 10% [FACU
Little green sedge Carexviridula 7% | 0BL
Tal dropseed Sporobolus compositus &% |FACU
Appendix Figure F.8. West Kramer U Hydrophytic Vegetation Survey (2026)
U-W Kramer, 2026 U-W Kramer, 2026
UPLAND HYDRIC
Sample One Sample One
CommonName Scientific Area% Cover | HV. Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Switchgrass Panicum virgatum A5% | UPL Switchgrass Panicum virgatum 15% |UPL
Canadianhorseweed |Conyza canadensis 1086 |UPL Cranesbill Gera nium richa rdsonii 15% |FAC
Bottlebrush sedge Carex comosa 5% |0OBL ] 0
Sample Two Sample Two
CommonName Scientific Area% Cover | HV. Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Switchgrass Panicum virgatum 25% | UPL Switchgrass Panicum virgatum 508 | UPL
] ]
Sample Three Sample Three
CommonName Scientific Area% Cover | HV. Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
‘Westernragweed Ambrosia psilostachya 25% | UPL Bluestem broomsedge |Andropogonvirginic us 309 | FACU
Switchgrass Panicum virgatum 209 | UPL Cranesbill Gera nium richa rdsonii S |FAC
Bottlebrush sedge Carex comosa 1086 |OBL 0 0
Sample Four Sample Four
CommonName Scientific Area% Cover | HV. Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Canadianhorseweed |Conyza canadensis 1086 |UPL Switchgrass Panicum virgatum 25% | UPL
‘Westernragweed Ambrosia psilostachya 15% |UPL ‘Western tansymustard 5% | UPL
] 0
Sample Five Sample Five
CommonName Scientific Area% Cover | HV. Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Little bluestem Schizac hyrium scoparium 809 | UPL Switchgrass Panicum virgatum 15% |UPL
‘Westernragweed Ambrosia psilostachya 5% | UPL 0 0
Bottlebrush sedge Carex comosa 5% |0OBL
Canadianhorseweed |Conyza canadensis 5% | UPL
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Appendix Figure F.9. West Kramer V Hydrophytic Vegetation Survey (2025)

V- W Kramer, 2025 V- W Kramer, 2025
UPLAND YDRIC
Sample One Sample One
Common Name Scientific Area % Cover |H.V.Rating |TestPassed [CommonName Scientific Area % Cover |H.V.Rating |TestPassed
Yellow foxtail Setaria pumila 10% UPL Perennial ryegrass Lolium perenne 15% FACU
Western tansymustard |Descurainia pinnata 2% UPL Little green sedge Carexviridula 10% OBL
Perennial ryegrass Lolium perenne 2% FACU 0 Yellow foxtail Setaria pumila 40% UPL []
Bottlebrush sedge Carexcomosa 4% OBL Scouringrush horsetail |Equisetum hyemale 15% FACW
Sample Two Sample Two
Common Name Scientific Area % Cover |H.V.Rating |TestPassed [CommonName Scientific Area % Cover |H.V.Rating |TestPassed
Little green sedge Carexviridula 15% OBL Western ragweed Ambrosia psilostachya 3% UPL
Indiangrass Sorghastrum nutans 5% UPL Perennial ryegrass Lolium perenne 15% FACU

Musk thistle Carduus nutans 7% UPL

3 Common woodsorrel Common woodsorrel 11% FAC °

Henbit deadnettle Lamium amplexicaule 10% UPL

Little green sedge Carexviridula 15% OBL

Deertongue Dichanthelium clandestinum  [30% FAC

Indiangrass Sorghastrum nutans 7% UPL
Sample Three Sample Three
Common Name Scientific Area % Cover |H.V.Rating |TestPassed [CommonName Scientific Area % Cover |H.V.Rating [TestPassed
Indiangrass Sorghastrum nutans 4% UPL Perennial ryegrass Lolium perenne 18% FACU
Little green sedge Carexviridula 5% OBL Henbit deadnettle Lamium amplexicaule 3% UPL
Little bluestem Schizachyrium scoparium 7% UPL 0 Yellow foxtail Setaria pumila 9% UPL 0

Musk thistle Carduus nutans 5% UPL

Western tansymustard |Descurainia pinnata 3% UPL

Western ragweed Ambrosia psilostachya 3% UPL
Sample Four Sample Four
Common Name Scientific Area % Cover |H.V.Rating |TestPassed |CommonName Scientific Area % Cover |H.V.Rating [TestPassed
Cranesbill Geranium richardsonii 7% FAC Western ragweed Ambrosia psilostachya 8% UPL
Little bluestem Schizachyrium scoparium 6% UPL 0 Perennialryegrass Lolium perenne 5% FACU °
Indiangrass Sorghastrum nutans 3% UPL Little green sedge Carexviridula 7% OBL
Little green sedge Carexviridula 3% OBL Indiangrass Sorghastrum nutans 3% UPL
Sample Five Sample Five
Common Name Scientific Area % Cover |H.V.Rating |TestPassed [CommonName Scientific Area % Cover |H.V.Rating |TestPassed
Little bluestem Schizachyrium scoparium 10% UPL Perennial ryegrass Lolium perenne 5% FACU
Indiangrass Sorghastrum nutans 5% UPL Musk thistle Carduus nutans 3% UPL
Little green sedge Carexviridula 1% OBL Yellow foxtail Setaria pumila 5% UPL

0 Little green sedge Carexviridula 10% OBL [

Canadian horseweed Conyza canadensis 10% UPL

Western tansymustard | Descurainia pinnata 5% UPL

Henbit deadnettle Lamium amplexicaule 5 UPL
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Appendix Figure F.10. West Kramer V Hydrophytic Vegetation Survey (2026)

V-WKramer, 2026

V-WKramer, 2026

UPLAND HYDRIC
Sample One Sample One
Common Name Scientific Area% Cover | HV. Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Little bluestern Schizac hyrium scoparium 20% | UPL Western ragweed Ambrosia psilostachya 25% |UPL
Bottlebrush sedge Carex comosa 10% | OBL Bottlebrush sedge Carexcomosa 10% | OBL
1] Cranesbill Geranium richardsonii 5% |FAC 0
Canadian horseweed  [Conyzacanadensis 10% |UPL
Foxtail barley Hordeum jubaturm 5% | FACW
Sample Two Sample Two
Common Name Scientific Area% Cover | HV. Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Bottlebrush sedge Carex comosa 20% | 0OBL Western ragweed Ambrosia psilostachya 15% |UPL
Little bluestemn Schizac hyrium scoparium 30% | UPL 0 Bottlebrush sedge Carex comosa 15% |0BL a
Bluestem broomsedge |Andropogonvirginicus 5% |FACU
Sample Three Sample Three
Common Name Scientific Areat Cover | H.V. Rating | TestPassed Common Name Scientific Areat% Cover | H.V.Rating | TestPassed
Bottlebrush sedge Carex comosa 5% | OBL Western ragweed Ambrosia psilostachya 30% |UPL
Prairie petunia Ruellia humilis 5% |FAC Bottlebrush sedge Carex comosa 20% | 0BL
Little bluestem Schizac hyrium scoparium 25% |UPL 0 Canadian horseweed | Conyza canadensis 5% [UPL 0
Bluestem broomsedge |Andropogonvirginicus 10% |FACU
Sample Four Sample Four
Common Name Scientific Area% Cover | HV. Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Little bluestern Schizac hyrium scoparium 15% | UPL Prairie cordgrass Spartina pectinata 30% |FACW
Bottlebrush sedge Carex comosa 20% | 0BL Cranesbill Geranium richardsonii 10% [FAC
3 Western ragweed Ambrosia psilostachya 20% |UPL 3
Bottlebrush sedge Carex comosa 10% |OBL
Sample Five Sample Five
Common Name Scientific Area% Cover | HV. Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Bottlebrush sedge Carex comosa 10% | OBL 0 Switchgrass Panicum virgatum 30% |UPL 0
Little bluestern Schizac hyrium scoparium 20% | UPL ‘Western ragweed Ambrosia psilostachya 20% | UPL

Appendix Figure F.11. West Kramer X Hydrophytic Vegetation Survey (2025)

X-W Kramer, 2025

X-W Kramer, 2025

UPLAND HYDRIC

Sample One Sample One
Commaon Name Scientific Area % Cover | HV.Rating | TestPassed Common Name Scientific Area % Cover | H.V. Rating | Test Passed
Tal dropseed Sporobolus compositus 6% |FACU Western ragweed [Ambrosia psilostachya S JUPL
Indiangrass Sorghastrum nutans 2% (UPL 0 Little green sedge Carexviridula 36 |0BL 0
‘Western ragweed Ambrosia psilostachya A% [UPL Y ellow foxtail Setaria pumila 56 [UPL
Tall dropseed Sporobolus compositus 11% |FACU
Sample Two Sample Two
Common Name Scientific Amea % Cover | HV.Rating | TestPassed Common Name Scientific Area % Cover [ H.V. Rating | Test Passed
Canadian horseweed Conyza canadensis A% [UPL Prairie cordgrass Spartina pectinata 25 [FACW
Little green sedge Carexviridula 4% [0BL o Y ellow foxtail Setaria pumila 4 [UPL o
Field bind d C lvulus arvensis 2% (UPL Tall dropseed Sporobolus compositus 6 [FACU
Tal dropseed Sporobolus compositus 5% |FACU
Sample Three Sample Three
Common Name Scientific Area % Cowver | HV.Rating | TestPassed Common Name Scientific Area % Cover | H.V. Rating | Test Passed
Deertongue Dichanthelium clandestinum 5% |FAC ¥ ellow foxtail | Setaria pumila 1086 |UPL
Tal dropseed Sporobolus compositus 4% [FACU Tall dropseed [Sporobolus compositus F [FACU
‘Western ragweed Ambrosia psilostachya 2% (UPL o o
Little green sedge Carexviridula 1%|0BL
Yellow foxail Setaria pumila 5%|UPL
Sample Four Sample Four
Common Name Scientific Amea % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover [ H.V. Rating | Test Passed
‘Western ragweed Ambrosia psilostachya 10%|UPL Perennial ryegrass Lolium perenne 30% [FACU
Tal dropseed Sporobolus compositus 10% | FACU o Western ragweed [Ambrosia psilostachya 56 [UPL o
Sample Five Sample Five
Common Name Scientific Amea % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover [ H.V. Rating | Test Passed
‘Western ragweed Ambrosia psilostachya 3% (UPL Prairie cordgrass Spartina pectinata 108 |[FACW
Indiangrass Sorghastrum nutans 3% (UPL Little green sedge Carexviridula 56 |OBL
Little bluestem Schizachyrium scoparium 10% | UPL ° Western ragweed /Amibrosia psilostachya A [UPL 3
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Appendix Figure F.12. West Kramer X Hydrophytic Vegetation Survey (2026)

X-W Kramer, 2026 X-W Kramer, 2026
S e
Sample One Sample One
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover | H.V.Rating | TestPassed
Little bluestem Schizachyrium scoparium 20%|UPL Western ragweed Ambrosia psilostachya 10% [UPL
Bottlebrush sedge Carexcomosa 15%|OBL Canadian horseweed |Conyza canadensis 10%|UPL
Western ragweed Ambrosia psilostachya 5% |UPL 0 Switchgrass Panicum virgatum 10%|UPL [1]
Sample Two Sample Two
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover | H.V.Rating | TestPassed
Western ragweed Ambrosia psilostachya 10%|UPL Kentucky bluegrass Poa pratensis 20%|FACU
Switchgrass Panicum virgatum 20%|UPL 0 Little green sedge Carexviridula 10%|OBL 0
ple Three ple Three
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover | H.V.Rating | TestPassed
Little bluestem Schizachyrium scoparium 5%|UPL Kentucky bluegrass Poa pratensis 30%|FACU
Canadian horseweed |Conyza canadensis 15%|UPL
Bottlebrush sedge Carexcomosa 5%|OBL 0 0
Western ragweed Ambrosia psilostachya 5% |UPL
Sample Four Sample Four
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover | H.V.Rating | TestPassed
Commonwoodsorrel |Oxalis acetosella 15%|FAC Switchgrass Panicum virgatum 20%|UPL
Switchgrass Panicum virgatum 20%|UPL Kentucky bluegrass Poa pratensis 10%|FACU
Kentucky bluegrass Poa pratensis 5%|FACU 0 Prairie cordgrass Spartina pectinata 5%|FACW 0
Western ragweed Ambrosia psilostachya 8% |UPL
Sample Five Sample Five
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover | H.V.Rating | TestPassed
Kentucky bluegrass Poa pratensis 35%|FACU Canadian horseweed |Conyza canadensis 10% [UPL
Switchgrass Panicum virgatum 15% |UPL 0 Prairie cordgrass Spartina pectinata 25%|FACW 0
Indiangrass Sorghastrum nutans 10%|UPL Switchgrass Panicum virgatum 15%|UPL
Appendix Figure F.13. Pfister B Hydrophytic Vegetation Survey (2025)
B - Pfister,2025 B - Pfister, 2025
Sample One Sample One
Common Name Scientific Area % Cover [H.V. Rating | TestPassed Common Name Scientific Area% Cover | H.V. Rating | TestPassed
Henbitdeadnettle Lamium amplexicaule 3% |UPL Downybrome Bromus tectorum 20%|UPL
‘Western ragweed Ambrosia psilostachya 4% [UPL 0 Western ragweed Ambrosia psilostachya 7% |UPL 0
Talldropseed Sporobolus compositus 35% |UPL Henbitdeadnettle Lamium amplexicaule 9% |UPL
Sample Two Sample Two
Commaon Name Scientific Area % Cover [H.V. Rating | TestPassed Comman Name Scientific Area % Cowver | H.V. Rating | TestPassed
Talldropseed Sporobolus compositus 38% |UPL Western ragweed Ambrosia psilostachya 40%|UPL
‘Western tansymustard | Descurainia pinnata 6% [UPL 0 Canadian horseweed Comyza canadensis 9%|UPL o
Canadian horseweed Conyza canadensis 10% |UPL Henbitdeadnettle Lamium amplexicaule 6% |UPL
Sample Three Sample Three
Common Name Scientific Area % Cover [H.V. Rating | TestPassed Common Name Scientific Area% Cover | H.V. Rating | TestPassed
Talldropseed Sporobolus compositus 4% [UPL Western ragweed Ambrosia psilostachya 5%|UPL
Little green sedge Carex viridula 6% [OBL 0 Scouringrush horsetail | Egquisetum hyemale 10% | FACW 2]
‘Western wallflower Erysimum i 3% [UPL
Sample Four Sample Four
Commaon Name Scientific Area % Cover [H.V. Rating | TestPassed Comman Name Scientific Area % Cowver | H.V. Rating | TestPassed
‘Western ragweed Ambrosia psilostachya 30% |UPL Western ragweed Ambrosia psilostachya 7% |UPL
Indiangrass Sorghastrum nutans 7% |UPL 0 Tal dropseed Sporobolus compositus 30%|FACU o
Sample Five Sample Five
Common Name Scientific Area % Cover [H.V. Rating | TestPassed Common Name Scientific Area% Cover | H.V. Rating | TestPassed
Little green sedge Carex viridula 8% [0BL Western ragweed Ambrosia psilostachya 10%:|UPL
‘Western tansymustard | Descurainia pinnata 3% [UPL 1] Prairie cordgrass Spartina pectinata 20% |FACW 2
Henbitdeadnettle Lamium amplexicaule 6% [UPL
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Appendix Figure F.14. Pfister B Hydrophytic Vegetation Survey (2026)

B - Pfister, 2026 B - Pfister, 2026
PLAND DR
Sample One Sample One
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Switchgrass Panicum virgatum 60% |UPL Craneshill Geranium richardsonii 10%|FAC
Three-square bulrush Schoenoplectus pungens 10%|OBL Prairie cordgrass Spartina pectinata 40% |FACW
0 Canadian horseweed Conyza canadensis 50% |UPL [1]
Sample Two Sample Two
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover | H.V.Rating | TestPassed
Cranesbill Geranium richardsonii 10% |UPL Prairie cordgrass Spartina pectinata 20%|FACW
Switchgrass Panicum virgatum 40%|UPL ° Canadian horseweed Conyza canadensis 20%|UPL °
Common woodsorrel Oxalis acetosella 5% |UPL Western ragweed Ambrosia psilostachya 10%|UPL
Three-square bulrush Schoenoplectus pungens 10%|OBL Cranesbill Geranium richardsonii 8%|FAC
Sample Three Sample Three
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Little bluestem Schizachyrium scoparium 20% |UPL Downy brome Bromus tectorum 5%|UPL
Cranesbill Geranium richardsonii 5% |UPL Prairie cordgrass Spartina pectinata 20%|OBL
Western ragweed Ambrosia psilostachya 10% |UPL ° Craneshill Geranium richardsonii 15%|FAC °
Canadian horseweed Conyza canadensis 20%|UPL
Softstem bulrush 5% |0BL
Sample Four Sample Four
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover | H.V.Rating | TestPassed
Little bluestem Schizachyrium scoparium 20% |UPL Western ragweed Ambrosia psilostachya 15%|UPL
Louisiana sage Artemisia ludoviciana 10%|UPL Canadian horseweed Conyza canadensis 10%|UPL
Western ragweed Ambrosia psilostachya 5% |UPL 0 Downy brome Bromus tectorum 5%|UPL 0
Three-square bulrush Schoenoplectus pungens 10%|OBL Cranesbill Geranium richardsonii 5%|FAC
Prairie cordgrass Spartina pectinata 15%)| OBL
Sample Five Sample Five
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover | H.V.Rating | TestPassed
Western ragweed Ambrosia psilostachya 25% |UPL Foxtail barley Hordeum jubatum 15%|FACW
Switchgrass Panicum virgatum 20% |UPL Prairie cordgrass Spartina pectinata 25% |FACW
0 Western ragweed Ambrosia psilostachya 15% | UPL o
Canadian horseweed Conyza canadensis 10%|UPL

Appendix Figure F.15. Pfister D Hydrophytic Vegetation Survey (2025)

D - Pfister, 2025

UPLAND HYDRIC

D - Pfister, 2025

Sample One Sample One
Common Name Scientific Area % Cover |H.V. Rating | Test Passed Common Name Scientific Area % Cover | H.V.Rating | TestPassed
Indiangrass Sorghastrum nutans 5%|UPL ° Canadian horseweed |Conyza canadensis 20%|UPL 0
Canadian horseweed Conyza canadensis 2%|UPL Yellow foxtail Setaria pumila 8% |UPL
Sample Two Sample Two
Common Name Scientific Area % Cover |H.V. Rating | Test Passed Common Name Scientific Area % Cover | H.V.Rating | TestPassed
Bluestem broomsedge |Andropogon virginicus 13% |FACU Deertongue Dichanthelium clandestinum 85% |[FAC
Indiangrass Sorghastrum nutans 4% |UPL 0 Canadian horseweed |Conyza canadensis 9% [UPL 0
Sample Three Sample Three
Common Name Scientific Area % Cover |H.V. Rating| Test Passed Common Name Scientific Area % Cover | H.V.Rating | TestPassed
Canadian horseweed Conyza canadensis 7%|UPL ° Yellow foxtail Setaria pumila 11%|UPL 0
Yellow foxtail Setaria pumila 5% |UPL Canadian horseweed Conyza canadensis 5% |UPL
Sample Four Sample Four
Common Name Scientific Area % Cover | H.V. Rating | Test Passed Common Name Scientific Area % Cover | H.V.Rating | TestPassed
Bluestem broomsedge  |Andropogon virginicus 15%|FACU Prairie cordgrass Spartina pectinata 2% |[FACW
Deertongue Dichanthelium clandestinum 3%|FAC 0 Bluestem broomsedge |Andropogon virginicus 5% [FACU 0
Deertongue Dichanthelium clandestinum 10%|FAC
Sample Five Sample Five
Common Name Scientific Area % Cover |H.V. Rating | Test Passed Common Name Scientific Area % Cover | H.V.Rating | TestPassed
Western tansy mustard |Descurainia pinnata 15% [UPL Scouringrush horsetail |Equisetum hyemale 15% |FACW
Canadian horseweed Conyza canadensis 5% |UPL [ Pitcher sage Salvia azurea 8% |UPL 3
Bluestem broomsedge  |Andropogon virginicus 12%|FACU
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Appendix Figure F.16. Pfister D Hydrophytic Vegetation Survey (2026)

D - Pfister, 2026

D - Pfister, 2026

Sample One Sample One
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Little bluestem Schizachyrium scoparium 40% |UPL Deertongue Dichanthelium clandestinum 35%|FAC
° Western ragweed Ambrosia psilostachya 15%|UPL °
Canadian horseweed Conyza canadensis 35% |UPL
Cranesbill Geranium richardsonii 5%|FAC
Sample Two Sample Two
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Canadian horseweed Conyza canadensis 20% |UPL Cranesbill Geranium richardsonii 25%|FAC
Little bluestem Schizachyrium scoparium 15%|UPL ° Western ragweed Ambrosia psilostachya 15%|UPL 0
Slender rush Juncus tenuis 5% |[FACW
Canadian horseweed Conyza canadensis 10%|UPL
Sample Three Sample Three
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover | H.V.Rating | TestPassed
Canadian horseweed Conyza canadensis 12%|UPL Canadian horseweed Conyza canadensis 7%|UPL
Cranesbill Geranium richardsonii 6%|UPL 0 Cranesbill Geranium richardsonii 7%|FAC °
Western ragweed Ambrosia psilostachya 10% |UPL Western ragweed Ambrosia psilostachya 12%|UPL
Little bluestem Schizachyrium scoparium 25% |UPL Bluestem broomsedge Andropogon virginicus 40%|FACU
Sample Four Sample Four
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover | H.V.Rating | TestPassed
Longstem spikerush Eleocharis palustris 17%|OBL Western ragweed Ambrosia psilostachya 30%|UPL
Canadian horseweed Conyza canadensis 12%|UPL Bluestem broomsedge Andropogon virginicus 20% |FACU
Little bluestem Schizachyrium scoparium 10% |UPL ° Longstem spikerush Eleocharis palustris 17%|OBL 0
Cranesbill Geranium richardsonii 10% |UPL Canadian horseweed Conyza canadensis 7% |UPL
Cranesbill Geranium richardsonii 15%[FAC
Sample Five Sample Five
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Little bluestem Schizachyrium scoparium 80% |UPL Westernragweed Ambrosia psilostachya 7% |UPL
Longstem spikerush Eleocharis palustris 8% |OBL Canadian horseweed Conyza canadensis 12%|UPL
0 Cranesbill Geranium richardsonii 15%[FAC 0
Kentucky bluegrass Poa pratensis 60%|FACU
Prairie petunia Ruellia humilis 5%|FAC
Appendix Figure F.17. Pfister K Hydrophytic Vegetation Survey (2025)
K - Pfister, 2025 K - Pfister, 2025
U C
Sample One Sample One
Common Name Scientific Area % Cover | H.V. Rating| Test Passed Common Name Scientific Area % Cover | H.V.Rating | TestPassed
Common mullein Verbascum thapsus 9% |UPL Westernragweed Ambrosia psilostachya 8% |UPL
Scouringrush horsetail |Equisetum hyemale 20%|FACW 3 Deertongue Dichanthelium clandestinum 27%|FAC 0
Canadian horseweed Conyza canadensis 5% |UPL
Sample Two Sample Two
Common Name Scientific Area % Cover | H.V. Rating | Test Passed Common Name Scientific Area % Cover | H.V.Rating | TestPassed
Little bluestem Schizachyrium scoparium 40%|UPL Deertongue Dichanthelium clandestinum 10%|FAC
Common mullein Verbascum thapsus 8%|UPL o Western ragweed Ambrosia psilostachya 6% [UPL 0
Canadian horseweed Conyza canadensis 2%|UPL Scouringrush horsetail |Equisetum hyemale 3%|FACW
Prairie cordgrass Spartina pectinata 7% |FACW
Sample Three Sample Three
Common Name Scientific Area % Cover |H.V. Rating | Test Passed Common Name Scientific Area % Cover | H.V.Rating | TestPassed
Canadian horseweed Conyza canadensis 5% |UPL Canadian horseweed Conyza canadensis 10%|UPL
Indiangrass Sorghastrum nutans 6%|UPL (] Pitcher sage Salvia azurea 6% |UPL 0
Deertongue Dichanthelium clandestinum 4%|FAC
Sample Four Sample Four
Common Name Scientific Area % Cover |H.V. Rating | Test Passed Common Name Scientific Area % Cover | H.V.Rating | TestPassed
Indiangrass Sorghastrum nutans 3%|UPL Deertongue Dichanthelium clandestinum 12%|FAC
Talldropseed Sporobolus compositus 8% |UPL [} Louisiana sagewort Artemisia ludoviciana 5% |UPL 0
Tall dropseed Sporobolus compositus 4%|UPL
Sample Five Sample Five
Common Name Scientific Area % Cover | H.V. Rating | Test Passed Common Name Scientific Area % Cover | H.V.Rating | TestPassed
Deertongue Dichanthelium clandestinum 5%|FAC Louisiana sagewort Artemisia ludoviciana 9%|UPL
Indiangrass Sorghastrum nutans 47%|UPL [ Deertongue Dichanthelium clandestinum 8%|FAC 0
Canadian horseweed Conyza canadensis 2%|UPL Common bulrush Scirpus atrovirens 12%|OBL
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Appendix Figure F.18. Pfister K Hydrophytic Vegetation Survey (2026)

K - Pfister, 2026

K - Pfister, 2026

Sample One Sample One
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Little bluestem Schizachyrium scoparium 15%|UPL Torrey's rush Juncus torreyi 20%|FACW
Slender rush Juncus tenuis 7% |FACW Prairie petunia Ruellia humilis 10%|FAC
Canadian horseweed Conyza canadensis 4%|UPL 0 Western ragweed Ambrosia psilostachya 15%|UPL 0
Kentucky bluegrass Poa pratensis 5%|FACU
Canadian horseweed Conyza canadensis 5% |UPL
Sample Two Sample Two
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Little bluestem Schizachyrium scoparium 30% |UPL Kentucky bluegrass Poa pratensis 20%|FACU
Canadian horseweed Conyza canadensis 15% |UPL ° Western ragweed Ambrosia psilostachya 20%|UPL °
Canadian horseweed Conyza canadensis 5%|UPL
Sample Three Sample Three
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Canadian horseweed Conyza canadensis 20% |UPL Kentucky bluegrass Poa pratensis 30%|FACU
Indiangrass Sorghastrum nutans 15% |UPL Torrey's rush Juncus torreyi 5%|FACW
0 Foxtail barley Hordeum jubatum 10%|FACW 2
Western ragweed Ambrosia psilostachya 5% |UPL
Sample Four Sample Four
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area% Cover | H.V.Rating | TestPassed
Canadian horseweed Conyza canadensis 10%|UPL Canadian horseweed Conyza canadensis 20%|UPL
Western ragweed Ambrosia psilostachya 10% |UPL ° Orange foxtail Alopecurus aequalis 15%|OBL °
Little bluestem Schizachyrium scoparium 20% |UPL Western ragweed Ambrosia psilostachya 5% |UPL
Sample Five Sample Five
Common Name Scientific Area % Cover | H.V.Rating | TestPassed Common Name Scientific Area % Cover | H.V.Rating | TestPassed
Switchgrass Panicum virgatum 15%|UPL Torrey's rush Juncus torreyi 5%|FACW
Indiangrass Sorghastrum nutans 5% |UPL ° Little green sedge Carexviridula 70%|OBL 2
Little bluestem Schizachyrium scoparium 10% |UPL Prairie petunia Ruellia humilis 5%|FAC
Western ragweed Ambrosia psilostachya 10%|UPL
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Appendix G - Photos

Appendix Figure G.1. East Kramer E a,a'-dipyridyl dye test results.
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Appendix Figure G.2. East Kramer H a,a'-dipyridyl dye test results.
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Appendix Figure G.3. East Kramer P a,a’-dipyridyl dye test results.
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Appendix Figure G.4. West Kramer U a,a'-dipyridyl dye test results.
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Appendix Figure G.5. West Kramer V a,a’-dipyridyl dye test results.
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Appendix Figure G.6. West Kramer X a,a’-dipyridyl dye test results.
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dyl dye test results.
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Appendix Figure G.8. Pfister D a,a’-dipyridyl dye test results.
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Appendix Figure G.9. Pfister K a,a'-dipyridyl dye test results.
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