WATER QUALITYIMPAIRMENTS DIRECTLY ADDRESSED
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Upper Soldier Creek above and below the
Prairie  Band  Potawatomi  Nation
Reservation is listed as Partially Supporting
for Aquatic Life due to sediment, and a
TMDL has been designated that includes
the Walnut Creek, James Creek, and Dutch
Creek tributaries. Aquatic life is impaired
due to sediment, which greatly influences
biological activity as sediment loads are
correlated with nutrient, pesticide, and fecal
coliform bacteria.
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Tribal lands lie outside the jurisdiction and
oversight of the Kansas Department of
Health and Environment, and this TMDL is
referenced as a guideline only for the
Tribe’s water quality planning and
nonpoint source management efforts.

Upper Soldier Creek Focus Area, Jackson County

BEST MANAGEMENT PRACTICES AND REDUCTION GOALS

The current estimated sediment load from nonpoint sources in the Upper Soldier Creek
watershed is 27,900 tpy according to KDHE (KAWS, 2011). KDHE’s proposed load reduction
endpoint to meet the TMDL is 18,400 tons of sediment per year. BMPs implemented by the Nation
on Tribal land and in partnership with non-tribal landowners where possible will address
sediment originating on the Reservation, and will contribute to overall sediment load reductions,
which will help partners and neighboring communities meet the desired endpoint.

Because agricultural land uses make up most of the Reservation’s area, agricultural BMPs are
proposed to meet the pollutant reduction targets:

¢ Riparian buffers

e Stream stabilization -

. 18,400tons
e No-till and 27,900 tons sediment . needing to be
. load in the Middle Kansas e 9,500 tons annual load
regenerative capacity (34%)
. Watershed (100%) N by the BMPs

agriculture (66%)
¢ Information &

education

On non-tribal land not subject to the Nation’s jurisdiction, the Tribe will partner with the
Cooperative Extension Service, Jackson County Conservation District, Natural Resources
Conservation Service, and other Middle Kansas WRAPS partners to enlist landowners to
participate in this effort. Potential load reduction estimates presented below are good faith
estimates of potential partnerships, based on current agricultural trends.
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The Nation proposes a 20-year implementation program to implement the BMPs.

Soldier Creek
SC101 (Delia)

232 mg/1 200 mg/1 25% 168 mg/1 50%

Reductions in total phosphorus (TP), total nitrogen (TN), and bacteria should be proportional to
TSS reductions. In addition, PBPN will make improvements toward the following desired
endpoints: an average EPT count of 48% or greater and MBI values approaching 4.5 after 20 years.
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1.0 PREFACE

The Prairie Band Potawatomi Nation (PBPN) considers water to be one of their most
important natural and cultural resources. Protection of aquatic resources and their
associated terrestrial resources has biological, cultural, and economic benefits due to the
significance of fish and wildlife consumption. Management of natural resources (both
aquatic and terrestrial) within the Reservation is reflected within several of the Tribe’s
management plans and land use planning documents. This plan provides guidance to

staff and Tribal leadership to make sound management
decisions that will protect and enhance water quality on the
Reservation and downstream in the Soldier Creek watershed.
A watershed or ecosystem management plan uses an
integrated approach that incorporates both the natural and
human environment. The underlying tenet of this type of
planning effort is a very humanistic view of resource
management, blending the needs of people and
environmental values.

The purpose of this 9 Element Plan is to outline an
aspirational but achievable plan to protect and restore the
Reservation’s aquatic resources and, in the process, protect
and enhance its terrestrial natural resources, cultural
resources, and community values. In doing so, the Nation will
take additional steps to develop its long-range goals and
objectives for greater Tribal regulation of its sovereign water
resources, while enhancing water resources throughout the
Soldier Creek watershed and Kaw (Kansas) River receiving
waters for our watershed partners and neighboring
communities.

This plan is intended to serve as the overall guide for
successful implementation of watershed protection and
restoration efforts by the Nation and stakeholders, including
Tribal agencies, agricultural enterprises, and Tribal and non-
tribal landowners, leading to the achievement of our stated
goals and objectives.

The Prairie Band Potawatomi Nation Reservation and
Community was established in Northeast Kansas by treaty in
1846, with its government offices located at 16281 Q Road,
Mayetta, Kansa (Figure 1). The closest major cities are the City
of Topeka, Kansas, which is 20 miles south, and the City of
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Figure 1-Study Area Location in
Jackson County, KS (map source:
World Atlas)

Kansas City, Missouri, 80 miles to the southeast. Smaller communities bordering the
Reservation include the towns of Mayetta, Hoyt, Delia, and Holton, Kansas.

2.0 VISION AND GOALS

During preparation of PBPN’s Land and Water Management Plan (PBPN 2021), the
planning team conducted a visioning session with PBPN staff to help create a vision and
goals and priorities related to protection and management of natural resources:



The future landscape will sustain, protect, and improve the diversity of ecosystems found
within the Reservation, using an integrated resource management approach that
protects and promotes a culture and history of water and land that honors and respects
the Tribe’s historical roots within the Great Lakes region.

The planning team asked several questions of staff to better understand what natural
resources are found within the Reservation, what problems and opportunities exist, and
how these resources relate to the people who call the Reservation home. Goals and
objectives supporting water management practices included:

e Adopt water policies that are adaptable and resilient to climate change.

e Create a Land and Water Management Council in charge of managing natural
resources and implementing best management practices (BMPs).

e Develop a water supply that is controlled and managed by the PBPN.

e Implement technology and other cooperative practices that conserve water and
save money. For example, low flow fixtures, rainwater harvesting, and a grey
water system for the casino and golf course.

Resource management that includes the greater PBPN community and its partners:
e Bring program development together and highlight areas of overlap.
e Identify project partnership opportunities.
e Educate the greater community of both tribal and non-tribal landowners.

According to the Kansas Surface Water Register (KDHE 2021), the rivers and streams in
this area of Kansas are generally used to support aquatic life, recreation, food
procurement, groundwater recharge, industrial water supply, irrigation water supply,
livestock water supply, and domestic water supply.

21 WATERSHED MANAGEMENT PROGRAM

In 2006, the Planning and Environmental Protection (PEP) Department obtained
Treatment as a State (TAS) status from the EPA, to initiate their water quality program.
The program primarily addresses nonpoint source pollutants and management, as point
sources do not contribute significantly to pollutant loadings as discussed later in the
document. Over the years, the program has expanded to include a Clean Water Act
(CWA) 319 Tribal Non-Point Source Pollution Control Program and a Wetland Program.
PEP staff have been actively monitoring surface and groundwater to develop a baseline
for water quality standards and a watershed plan within the Reservation. Surface water
monitoring is conducted at five sites along Big Soldier, Little Soldier, and Big EIm Creeks.
Additionally, eight monitoring wells are located throughout the Reservation. PEP staff
monitor several environmental microbiological, inorganic, and organic chemical
indicators, including but not limited to Escherichia coli, dissolved oxygen, pH,
temperature, turbidity, total nitrogen, total phosphorous, total suspended solids, metals,
pesticides, volatiles, and herbicides.

This plan will continue to guide the Nation” as it addresses its water quality concerns. It
will also help PBPN consider whether to apply for expanded TAS status to designate uses
for the Reservation’s streams, adopt Water Quality Standards, and develop TMDLs.



2.2 WATER QUALITY IMPAIRMENTS

Upper Soldier Creek above and below the PBPN Reservation is listed as Partially
Supporting for Aquatic Life due to sediment, and a TMDL has been designated that
includes the Walnut Creek, James Creek, and Dutch Creek tributaries. Little Soldier Creek
is not listed as impaired for any pollutants. Aquatic life is impaired within these stream
reaches due to sediment. Biological activity is greatly influenced by suspended sediment,
as sediment loads are correlated with nutrient, pesticide, and fecal coliform bacteria
loading within the stream system. (Kansas Alliance for Wetlands and Streams [KAWS],
2011). Tribal lands lie outside the jurisdiction and oversight of the Kansas Department of
Health and Environment, and this TMDL is referenced as a guideline only for the Tribe’s
water quality planning and nonpoint source management efforts.

Upper Soldier Creek is also listed as impaired for Aquatic Life on the 2022 Section 303(d)
list due to Atrazine. TMDL development may be scheduled during the 2025 planning
period. Lower Soldier Creek, downstream of the Reservation, is also listed as impaired for
E. Coli bacteria, and a TMDL may also be scheduled during the 2025 planning period
(KDHE 2022). See Table 1, below.

TABLE 1: SECTION 303(d) IMPAIRMENTS - 2022

Impaired
Category | Stream/Lake use Impairment | Station | Counties | Body type | Priority
Soldier Total
Creek Near Aquatic Suspended
*5 Delia life Solids SC101 NM, JA | Watershed 2023
Soldier
Creek near Aquatic
4a Circleville life Biology SC299 | JA,NM | Watershed | High
Soldier
Creek Near Aquatic
4a Delia life Biology SC101 | NM,JA | Watershed | High
Soldier
Creek Near Aquatic
5 Topeka life Atrazine SC239 | JA,SN | Watershed | 2025
Soldier
Creek Near Aquatic
5 Delia life Atrazine SC101 | NM, JA | Watershed 2023
Soldier
Creek Near Escherichia
5 Topeka Recreation coli SC239 JA,SN | Watershed 2025

* NOTE: TSS taken off 303(d) list (KDHE, 2022)
Category 4a: A Total Maximum Daily Load (TMDL) has been developed.
Category 5: Available data and/or information indicate that at least one designated use is not
being supported or is threatened, and a TMDL is needed.

Section 305(b) of the Clean Water Act requires PBPN- PEP Water Program to develop and
submit an annual Water Quality Assessment Report. PBPN-PEP CWA-106 Program has
submitted EPA approved Tribal Assessment Reports (TAR) from 2006 to 2023 to fulfill



statutory requirements. Data and usage of those reports supported graduate student
(Boyd 2019) efforts."

An assessment of the Reservation’s water quality impacts on cultural and natural
resources was completed in 2019 by a University of Kansas graduate student (Boyd 2019).
Boyd based his assessment on the PBPN’s past water quality studies, along with years of
data from water-quality remediation and enhancement sampling and monitoring
projects. The assessment noted that two categories of pollution pose a significant risk to
water quality within the Reservation: nonpoint source pollution from agricultural land
use within and around the Reservation, and point source pollution from septic systems,
sewage lagoons, and injection wells upstream of the Reservation boundaries.

A stream channel stability assessment was completed in 2020 (WRS 2020a), which helps
to understand streambank erosion as another pollutant source. The assessment generally
followed an established geomorphic screening method from the Kansas City regional
chapter of the American Public Works Association (APWA), which is applicable for
streams within the Reservation. A field team comprised of engineers and PEP staff
gathered data at 36 locations along streams representing approximately 22 miles of stream
length in the Soldier Creek watershed. The team then used the data to rank the stability
of each adjacent stream reach. Where field data were not collected, the project engineers
used geographic information system data along with adjacent stream reach field results
to either interpolate or extrapolate stream conditions as appropriate. Additional potential
future sampling locations were also identified (Figure 2), which may be assessed by PEP
staff in the future to help confirm the rankings assigned in this study. Those additional
sites are noted with green dots on the map in Figure 2.

Using this method, stream reach stability was ranked as “good,” “fair,” or “poor.” The
project engineers also used these data to identify stream restoration priorities, which were
further evaluated and screened through a preliminary cost-benefit analysis based on
typical costs per linear foot for rural stream restoration in the area (WRS 2020a). Project
prioritization was based on cost, length of reach, and severity of degradation. Refer to the
2020 Stream System Assessment Report in Appendix B for the prioritized list of capital
improvement projects. Based on the APWA method utilized for the channel stability
assessment, approximately 50 percent of the length of Big Soldier Creek is in fair condition
and 50 percent is in poor condition. Little Soldier Creek exhibits approximately 75 percent
fair condition and 25 percent poor condition along its length through the Reservation
boundaries. The difference between the two is likely due to Big Soldier Creek having
higher flows, resulting in significantly greater degradation than in Little Soldier Creek.
Stream reaches within the Reservation ranked only “fair” or “poor” because of
widespread impacts from past and present land uses (Figure 2).

The assessment also provided a risk analysis of stream reaches, to guide future
interventions to improve stream stability. Basic facts considered in the risk analysis
included:

e BigSoldier and Little Soldier Creeks are actively eroding and adjusting to changes
in land use and climate.

e Land within the Reservation may continue to develop and change with time.
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e Land upstream of the Reservation boundary in tributary watersheds to Big Soldier
Creek will likely continue to develop outside of the PBPN’s control. Such
development would affect erosion rates of Big Soldier Creek.
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As a result of the risk analysis, the engineers recommended that as future development
takes place, the PBPN should be careful to maintain vegetated stream buffers adjacent to
Big and Little Soldier Creeks and other tributaries. Those buffers would reduce the risk of
actively eroding streams that could affect public safety, private property, and natural

resources (WRS 2020a).



2.3 ENVIRONMENTAL JUSTICE FOCUS

In September 2021, EPA’s national Nonpoint Source (NPS) program issued a
memorandum recognizing the importance of integrating environmental justice (EJ)
considerations into the Clean Water Act (CWA) §319 grant program to help ensure that
disadvantaged communities (DACs) equitably enjoy the benefits of cleaner water. EPA’s
EJ call for action led to an enthusiastic response from the CWA §319 community. Many
states have committed address barriers and increase equity, including but not limited to
waiving non-federal match for sub-recipients, revising sub-award application criteria to
prioritize projects in DACs, and supporting communities as they begin to implement
watershed plans (USEPA 2022).

In September 2022 EPA issued a follow-up memorandum that outlines specific elements
related to Tribal programs and requirements, including;

e Allowing states to direct CWA §319 funds to support watershed plan development
and capacity building in DACs.

e Granting an exception to the 2013 CWA §319 guidelines that allows states to award
CWA §319 watershed project funds to CWA §319-eligible Tribes to implement
project(s) consistent with an up-to-date, EPA-approved Tribal NPS management
program plan, which EPA will now consider as an acceptable alternative to a nine-
element plan.

e Requiring grantees to discuss efforts to advance environmental justice in their
annual reports to EPA.

¢ Increasing §319 investments to DACs to 40 percent nationally.

e Better supporting Tribal programs through the above initiatives, as well as
increased Tribal grant funding, higher project funding caps, enhanced
collaboration with partners to provide technical support, and continued work to
address key Tribal challenges.

As a DAC and a Tribal Nation, PBPN will work collaboratively with EPA and the State of
Kansas as these initiatives unfold to ensure that it is fully participating and is positioned
to maximize program benefits. It will also collaborate with partners and neighboring

communities to help leverage benefits for other DACs within the Middle Kansas
Watershed.

3.0 WATERSHED REVIEW
3.1 SURFACE WATER

The Middle Kansas watershed (HUC 10270102) comprises an area of land approximately
2,180 square miles (1,365,615 acres) in size that drains a portion of northeastern Kansas.
HUCs (Hydrologic Unit Codes) are an identification system for watersheds. Each
watershed has a defined HUC number in addition to a common name. The larger the HUC
number, the smaller the watershed area. Thus, HUC 8s can further be split into smaller
watersheds and are given HUC 10 numbers. HUC 10s can be further divided into smaller
HUC 12 watersheds. Figure 3 shows the Middle and Upper Kansas HUC 8s and 10s,
which are within the Watershed Restoration and Protection Strategy (WRAPS) project
area (KAWS 2011).
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The Middle Kansas Watershed includes parts of 10 counties including Douglas, Geary,
Jackson, Jefferson, Nemaha, Morris, Pottawatomie, Riley, Shawnee, and Wabaunsee
Counties. The Upper Kansas Watershed includes portions of four counties including
Morris, Geary, Riley, and Wabaunsee.
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Figure 3 — Watersheds with the PBPN Reservation Boundary (KAWS 2011)

The primary surface waters within the Reservation are in the Soldier Creek watershed
(HUC 1027010208), which encompasses Big Soldier and Little Soldier Creek sub-
watersheds (Figure 4). The Delaware River watershed, which crosses through the
northeastern corner of the Reservation and includes Banner, South Cedar, and Bills Creek
sub-watersheds, is not included in this study. Streams within the Soldier Creek watershed
generally flow south and east. Big Soldier Creek watershed located in the western side of
the Reservation (HUC 102701020802, 102701020803, 102701020804), drains approximately
60% of the Reservation. Little Soldier Creek (HUC 102701020805) in the central and eastern
side, drains approximately 30% of the Reservation.
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Figure 4 — Watersheds within the PBPN Reservation Boundary

3.2 GROUNDWATER

Groundwater studies of Jackson County were initiated by the USGS as early as 1949, to
study the presence of groundwater to meet present and future water supply demands
(USGS 1953). According to this study, nearly all the population in rural areas of the county
depended on domestic wells for their water supply. These wells are fed by groundwater
from five primary regions in Jackson County. In addition to the 1954 study, PBPN
provided well data that was used to determine location, depth, and yield within the
Reservation (WRS 2020Db).

The review of USGS studies indicated that the quality of groundwater is highly variable,
and that components found in the groundwater include dissolved solids, iron, fluoride,
nitrate, and sulfate. Based on this information, neither the quantity nor the quality of
groundwater is sufficient for long-term sustainable use by the Tribe (WRS 2020b). Given
the limitations for use of groundwater, most drinking water on the Reservation is
purchased from Rural Water District #3 in Jackson County, Kansas. The primary source
of drinking water is from the Banner Creek Reservoir, which is located outside of the
northeastern boundary of the Reservation, in the Delaware River watershed.



Groundwater studies of Jackson County were initiated by the USGS as early as 1949, to
study the presence of groundwater to meet present and future water supply demands
(USGS 1953). According to this study, nearly all the population in rural areas of the county
depended on domestic wells for their water supply. These wells are fed by groundwater
from five primary regions in Jackson County. In addition to the 1954 study, PBPN
provided well data that was used to determine location, depth, and yield within the
Reservation (WRS 2020Db).
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Figure 5 - Location and capacity of water supply wells

A total of 94 wells were reported (Figure 5), of which 76 have reported yield, 11 have no
reported yield, and 7 have been plugged. Approximately 66 % of the wells reporting yields
had between 0 and 10 gallons per minute (gpm). Two wells reporting 150 gpm were
drilled to a depth of 140 feet and are located due west of 162nd Rd along the eastern edge
of the Reservation, and near the intersection of M and 206th Rd along the northern
boundary of the Reservation. Three wells reporting 100 gpm were drilled to depths
ranging from 75 to 100 feet deep. The maximum yield of 150 gpm from well records
equates to approximately 242 acre- feet of water yield in one year if those wells were to
run continuously (WRS 2020a).



3.3 LAND COVER/LAND USES

The Reservation is 121 square miles, or 77,440 acres, in size. Land ownership within the
Reservation is divided into the following five categories:

e Tribal Trust - land that is held in legal title by the federal government (the Bureau
of Indian Affairs, BIA) but, the beneficial interest lies with the PBPN.

e Tribal Fee - land owned by the PBPN but not yet placed into trust with the BIA.

e Tribal Allotment - land that is held in legal title by the BIA but, the beneficial
interest lies with individual tribal members and the PBPN.

e Individual Allotment - land that is owned in fee title by the BIA but, the beneficial
interest lies with individual tribal members.

e Non-tribal/Private - land that is owned and controlled by non-tribal members and
that is not held in trust.

Currently, 46.2 percent of the Reservation is in various forms of tribal ownership or trust,
and 53.8 percent is in non-tribal ownership. The patchwork mix of land ownership creates
additional challenges for management of natural resources within the Reservation. The
PBPN Reservation lies within three distinct ecoregions (Figure 6). The eastern portion is
within the Western Corn Belt Plains; the western portion is within the Flint Hills; and the
southern edge is within the Central Irregular Plains (US EPA 2020). Soils are
predominantly silty clay loams throughout, with rocky soils in the Flint Hills portion of
the Reservation. Vegetation within these ecoregions historically transitioned from
oak/hickory forests in the east to tallgrass prairie in the west. The Flint Hills has the
unique distinction of having the largest remaining intact tallgrass prairie in the Great
Plains region. Presently, vegetative communities are a mix of native grasslands, cool
season pasture, agricultural crop fields, and wooded riparian corridors along streams.
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Figure 6 - PBPN Ecoregions

This is consistent with the Kansas Department of Health and Environment’s (KDHE)
Kansas- Lower Republican Basin Total Maximum Daily Load (TMDL) study (KDHE
2007), which used Kansas GAP data. The difference is most likely attributable to the
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PBPN 9-Element Plan

differences in the GIS datasets. The KDHE Study focused on the Middle Kansas Subbasin
in Shawnee, Jackson, and Nemaha Counties, comparing land cover within and outside of
the Reservation boundaries for the Soldier Creek watershed. The study noted a slightly
higher percentage of non-native grassland than native prairie, which is consistent with
the brome dominated grasslands present throughout Jackson County.

The KDHE Study also compared land cover within a 100-foot buffer of streams within the
Reservation boundaries and noted that woodland cover is significantly higher within the
stream corridors, followed by native prairie (Figure 7). Field assessments for streams
confirmed that most of the woodland vegetation present is within riparian (streamside)
corridors.
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Figure 7 — Land cover mapping of the PBPN Reservation

As noted above, several potential non-point pollutant sources are associated with land
use identified in the Upper Soldier Creek watershed. In rural areas, agricultural practices
may have a significant effect on surface water quality. Run-off from small livestock
feeding or watering stations located in proximity to streams and drainage areas
contributing to stream flow are a source of sediment, bacterial and nutrient loading.
Overstocking of grazing areas may also contribute to these impairments. Cropland may
contribute to nutrient and sediment loading, depending on management practices.

Stream channels may contribute significant proportions of total sediment load due to
stream bank erosion. Stream bank erosion contributes nitrogen and phosphorous to
surface waters and is estimated to have a disproportionate impact on phosphorous loads
because of the adsorption of phosphorus to soil particles, which are released when stream
bank failures release sediment into streams.
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Rural residences in the watershed rely on septic or lagoon systems for treatment of
domestic wastewater. Failing on-site wastewater systems are a potential source of both
nutrients and bacteria.

3.4 DESIGNATED USES

Designated uses for the streams in this watershed include primary contact recreation,
domestic water supply, food procurement, groundwater recharge, irrigation, and
livestock watering. In the future, PBPN may designate uses for its water resources as
noted previously.

3.5 SPECIAL AQUATIC LIFE USE WATERS

According to the Kansas Surface Water Register (KDHE 2021), no surface waters within
the Upper Soldier Creek or Little Soldier Creek watersheds are designated as special
aquatic life use waters. A review of the U.S. Fish and Wildlife Service (USFWS)
Information, Planning and Conservation System (IPaC) indicated only one terrestrial
species (Northern Long-eared Bat, Myotis septentrionalis) may inhabit the Reservation that
is considered threatened, endangered, or a candidate species. No critical designated
habitats are located within the Reservation boundaries (USFWS 2020).

Kansas Department of Wildlife and Parks (KDWP) also maintains data by county on
threatened and endangered (T&E) species at the state and federal level (KDWP 2020).
Similarly, only the Least Tern (Sternula antillarum) has a critical habitat designation in
Kansas, but none within Reservation boundaries.

3.6 PUBLIC WATER SUPPLY (PWS) AND WASTEWATER MANAGEMENT
3.6.1 PWS

According to the Jackson County RWD-3 annual meeting, published in the Holton
Recorder, volume 149, issue 29, April 11, 2016, RWD-3 provides all the water to the PBPN,
including the hotel and casino. RWD-3 purchases wholesale water from Public Wholesale
Water District No. 18 (PWD-18), which comes from the Banner Creek Reservoir (WRS
2020c).

3.6.2 WASTEWATER MANAGEMENT

Three wastewater treatment plants operate on the Reservation. The K Road facility
(KS0096202) is located on the eastern side of the K Road government complex between
150th and 158th Roads and discharges into an unnamed tributary of James Creek. The
system consists of activated sludge mechanical treatment, an influent lift station, aeration
tanks, clarifiers, aerated sludge digester, and an ultraviolet disinfection system. It has a
design capacity of 60,000 gallons per day (gpd), but typically treats about 30,000 gpd. The
facility treats the government facilities complex and three small housing complexes,
totaling about 900 persons (USEPA 2018a).

The Q Road wastewater treatment facility (KS0096199) discharges into an unnamed
tributary of Big Elm Creek, a tributary to Little Soldier Creek. The Q Road facility serves
the Tribal government complex using a continuous discharging, Cromaglass® Batch
Treatment System with an extended aeration system, a sedimentation/ clarifier tank, and
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a final chlorination/dechlorination tank. The facility's design capacity is 15,000 gallons of
wastewater per day but currently treats about 5,000 gallons per week (USEPA 2018b).

The Prairie Band Casino Complex treatment facility (KS0093777) discharges into Big Elm
Creek, a tributary to Little Soldier Creek. The casino complex facility consists of a 3-cell
lagoon system and an activated sludge mechanical treatment plant that treats domestic
wastewater from the hotel, spa, casino, a convenience store, and an RV park with 75
sanitary hook-up stations. The lagoon system has been bypassed with the construction of
a direct discharge line, which allows the mechanical plant to discharge directly to Big Elm
Creek. The mechanical plant has a design flow of 125,000 gpd. Based on data from the
discharge monitoring reports from March 2013 to December 2017, the average effluent
flow is 68,300 gpd (USEPA 2019).

Sludge from the wastewater treatment facilities is aerobically digested and periodically
withdrawn from the holding tanks, put through the filter press, and then composted by
the Tribe at the Tribe's composting facility. The lagoon casino complex system currently
functions as a retention basin for stormwater and for diversion of wastewater from the
mechanical plant during repairs or emergency situations. The lagoon can discharge, if
necessary, as long as the discharge meets the facility’s effluent permit requirements
(USEPA 2018b).

The remainder of the households on the Reservation are served by residential septic
systems. Tribal planning and zoning regulations restrict new septic systems to 5-acre lots
or larger. Indian Health Service staff in Holton assist with review of proposed septic
system designs.

3.7 303(d) LISTINGS IN THE WATERSHED

According to the 2022 Integrated Water Quality Assessment Report (KDHE 2022), Upper
Soldier Creek is included on the 2022 Section 303(d) list as impaired for Aquatic Life due
to Biological impairment. TMDL development may be scheduled for Atrazine during the
2025 planning period. Lower Soldier Creek, downstream of the Reservation, is also listed
as impaired for E. coli bacteria, and a TMDL may also be scheduled during the 2025
planning period.

3.8 TOTAL MAXIMUM DAILY LOADS IN THE WATERSHED

A TMDL is a calculation of the maximum amount of a pollutant that a water body can
receive and still safely meet water quality standards. Exceeding the TMDL typically
results in failure to support a designated use for the specific water body. The TMDL
allocates the allowable load to point sources (Waste Load Allocation or WLA) and
nonpoint sources (Load Allocation or LA) which include both anthropogenic and natural
background sources of the pollutant. The process of developing TMDLs determines:

1. The pollutants causing water quality impairments.

2. The degree of deviation away from applicable water quality standards.

3. The levels of pollution reduction needed to achieve water quality standards.

4. Corrective actions, including load allocations, to be implemented among point and
nonpoint sources in the watershed affecting the water quality limited water body.
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5. The monitoring and evaluation strategies needed to assess the impact of corrective
actions in achieving TMDLs and water quality standards.
6. Provisions for future revision of TMDLs based on those evaluations.

In summary, TMDLs provide the basis for targeting and addressing point and nonpoint
source pollution sources. The objective is to address high priority TMDLs within the
specified watershed. KDHE reviews TMDLs on a 5-year rotational basis. The current
TMDLs for Upper Soldier Creek were developed in 2007.

KDHE is scheduled to develop additional TMDLs for Lower Soldier Creek downstream
of the Reservation and for the Kansas River. The proposed TMDLs include TSS, atrazine,
and E. coli bacteria. The anticipated publication date is 2023. The water quality BMPs
proposed for the PBPN Reservation would directly benefit concentrations of these
pollutants in these receiving waters, as described below.

3.9 TMDL LOAD ALLOCATIONS

Asnoted previously, a high-priority TMDL for Biology and Sediment has been designated
for Soldier Creek above and below the PBPN Reservation, including the Walnut Creek,
James Creek, and Dutch Creek tributaries. Little Soldier Creek is not listed as impaired for
any pollutants. Aquatic life is impaired within these stream reaches due to sediment.
Biological activity is greatly influenced by suspended sediment, as sediment loads are
correlated with nutrient, pesticide, and fecal coliform bacteria loading within the stream
system. As Tribal lands lie outside the jurisdiction and oversight of the Kansas
Department of Health and Environment (KDHE 2007), this TMDL is used as a reference
only for the Tribe’s water quality planning efforts.

TMDL load allocations identify allowable loads for point, nonpoint, and background
sources and is based on several factors. Each pollutant source and its relative contribution
to the water quality impairment are determined. Total load is derived from the TMDL.
For point sources, National Pollutant Discharge Elimination System (NPDES) facilities,
confined animal feeding operations (CAFOs) or other regulated facilities, WLAs are based
on NPDES permits which consider the type of wastewater and treatment, volume of
discharged effluent, degree of compliance with existing permits, potential for future
growth and expected flow conditions over which they are expected to provide protection.
Nonpoint source LAs are the load remaining after removal of point source and natural
contributions to the total load and reflect the load originating from agricultural and urban
areas that have no specific point of discharge. This plan addresses nonpoint sources.

Percent EPT taxa, TSS concentrations, and Macroinvertebrate Biotic Index (MBI) are
analyzed to address the sediment/biological impact impairment. The EPT index is the
proportion of aquatic taxa present within a stream belonging to pollution intolerant
orders; Ephemeroptera, Plecoptera and Trichoptera (mayflies, stoneflies, and caddisflies).
Higher percentages of total taxa comprising these three groups indicate less pollutant
stress and better water quality. Typically, these macroinvertebrates utilize a coarse
substrate in the stream for habitat. Elevated amounts of suspended solids deposited on
the substrate limits substrate utility by these clean water indicator species. Biological
monitoring metrics were used to assess compliance with KDHE standards for water
quality. MBI values less than, or equal to, 4.5 are considered fully supporting, values
greater than, or equal to, 5.4 are considered non-supporting, and intervening values are
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designated as partially supporting. EPT abundance standards establish full support levels
greater than, or equal to, 48%, non-supporting at levels below, or equal to, 30%, and
partially supporting for intervening values (KDHE 2007).

MBI values over the period of record used to develop the TMDL averaged 4.83, partially
supporting. EPT abundances over the period of record averaged 46%, also partially
supporting. TSS ranges included fairly elevated levels and averaged 232 milligrams per
liter (mg/1), with a median concentration of 70 mg/l. KDHE (2007) estimates that
targeting moderate to high flow events may have the greatest impact on TSS levels.

The Soldier Creek TMDL (KDHE 2007) specifies the following desired endpoints: an
average EPT count of 48% or greater over the 2006-2011-timeframe, MBI values
approaching 4.5, and average TSS levels below 100 mg/1 over 2006-2011 at Delia for flows
less than 1,000 cubic feet per second (cfs). These endpoints would indicate full support of
the aquatic life use in the stream reach and attainment of the narrative water quality
standard for TSS. Sediment loads are also correlated with nutrient loading and fecal
coliform loading: at concentrations below 100mg/1 of TSS, phosphorus, nitrogen oxide
compounds, and fecal coliform levels are observed to be low.

The sole NPDES discharger outside of the Reservation, the City of Soldier (KS0081035, M-
KS70-O001) employs a three-cell lagoon system and its permit limits the amount of
suspended solids it may discharge to a monthly average of 80 mg/1. Adherence to this
limit will not cause impairment to stream or its biology. Based on the assessment of
sources, point sources do not contribute to water quality impairment relative to sediment
impacts on stream biology. At this point, the wasteload allocations (WLA) will be a
maintenance of TSS loadings from point sources with average monthly TSS
concentrations maintained below 80 mg/1, leading to in-stream concentrations below 100
mg/1 at flows below 1 cfs. Soldier Creek’s WLA is 12.7 pounds (lbs.)/day (USEPA 2007).

The K Road wastewater treatment complex permitted discharge limits for TSS are even
lower at a monthly average of 30 mg/1 and a weekly average of 45 mg/1. The treatment
facility’s average treated discharge of 30,000 gpd represents less than 0.054% of the
average stream discharge of 101 cfs (65 million gpd) and does not significantly add to TSS
loads in Soldier Creek. According to USEPA (2007), its WLA would be 7.5 Ibs. of TSS per
day, but it does not have the jurisdiction to implement this WLA.

Table 2 below, from the 2007 TMDL document, provides WLAs and LAs for various flow
conditions.

TABLE 2: WASTELOAD ALLOCATIONS, LOAD ALLOCATIONS, AND LOAD CAPACITIES FOR

TSS IN SOLDIER CREEK

Flow Flow Wasteload Load Allocation Load Capacity
Exceedance Allocation (LA) (LC)

(WLA)
90% 2cfs 20.2 1bs./day 1,060 Ibs./day 1,080 Ibs./day
75% 9cfs 20.2 1bs./day 4,840 Ibs./day 4,860 1bs./day
50% 30 cfs 20.2 1bs./day 16,180 Ibs./day 16,200 1bs./day
25% 80 cfs 20.2 1bs./day 43,180 Ibs./day 43,200 1bs./day
10% 200 cfs | 20.21bs./day 107,980 lbs./day 108,000 Ibs./day

Source: (USEPA, 2007)
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Flow Exceedance is the percentage of a typical year Where flow exceeds the given rate.
The Middle Kansas WRAPS 9 Element Plan ‘
(KAWS 2011) reported that KDHE's TMDL
section estimated the sediment load from
nonpoint sources in the Soldier Creek
Watershed (Figure 8 at right) Middle Kansas
Watershed to be 27,900 tons per year. The LA
for the Middle Kansas Watershed needed to
meet the sediment TMDL was 18,400 tons of
sediment (Figure 9, below). This is the amount
of sediment that needs to be removed from the
watershed and is the target of the BMP
installations that will need to be placed in the
watershed.

Figure 8 - Upper Soldier Creek Focus
Area in Jackson County (KAWS, 2011)
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Figure 9 - Watershed Sediment Load and Reduction Estimates (KAWS, 2011)

4.0 WATER QUALITY MODELING

Modelers from Kansas State University (K-State) employed the Soil and Water
Assessment Tool (SWAT) model to develop a current conditions model and pollutant load
estimates, and to estimate load reductions from several BMPs. K-State modelers have
employed SWAT to develop several 9 Element Plans across the state of Kansas.

SWAT is a runoff-based model that estimates watershed hydrology using the SCS Curve
Number method, and runoff-based sediment loadings using the Modified Uniform Soil
Loss Equation (MUSLE). SWAT generates total annual pollutant load estimates in tons for
sediment; and in kilograms for total nitrogen (TN) and total phosphorus (TP). K-State
used the Delia stream gauge (SC101) to:

e Calibrate the hydrologic volumes based on USGS data from 2003 to 2011
e Validate the model using data from 2012 to 2019
e Calibrate pollutant loads for TSS, TN, and TP using KDHE’s monitoring data

Evaluating bacteria loads is notoriously difficult. The model was not calibrated for
bacteria; therefore, for this study the model was used to estimate potential relative percent
reductions in E. coli bacteria as value-added information.
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The SWAT model also allows the user to estimate potential load reductions for various
BMPs that reduce surface erosion and pollutant transport. No mapping exists for
application of BMPs on the Reservation, so the planning team aggregated general
estimates from Tribal staff and the Bureau of Indian Affairs (BIA) to determine the current
extent of BMP application across both Tribal and non-tribal agricultural lands, which were
integrated into the existing conditions model.

The SWAT model results generally agreed with KDHE's estimated load allocations from
Upper Soldier Creek. As noted previously, for the 2011 WRAPS 9 Element Plan KDHE
estimated the typical annual sediment load for the Upper Soldier Creek watershed, which
lies mostly upstream of the Reservation. The SWAT model estimated the total sediment
load from Upper Soldier Creek and the sediment contribution to Soldier Creek from the
Reservation, yielding a total load about 30% greater than KDHE's estimates for Upper
Soldier Creek alone, which is proportional to the additional land area that K-State
modeled.

The SWAT model produces general estimates of streambank erosion and resulting
sediment loads using simplified stream power relationships. To better estimate potential
sediment load reduction contribution from bank erosion, and potential load reductions
from proposed stabilization, the K-State modeling team evaluated the WRS stream
stability assessment discussed in Section 2.2. The team used the WRS data and published
literature to develop bank loss estimates, and empirical studies of streambank erosion and
sediment entrainment from watersheds in vicinity of the Reservation to develop more
detailed sediment load estimates (Moore, 2022; Attachment 1).

Based on this assessment, the SWAT model results are suitable for screening and
preliminary planning purposes, to estimate relative effectiveness of BMPs to meet
required load reduction targets for sediment and to provide general estimates of other
pollutant load reductions.

4.1 LOAD REDUCTION ESTIMATES

The modeling team used SWAT to estimate load reductions from various management
practices, with the exception of streambank stabilization as noted above. The model
estimates load reductions based on changes in runoff volume and integrated performance
data where available. For new or novel BMPs, the modeler can adjust hydrologic, input,
and output parameters to simulate anticipated BMP performance derived from other
sources. The following section describes the impairments addressed with various BMPs
and how they were estimated.

5.0 IMPAIRMENTS ADDRESSED BY THE TRIBE

Based on the analysis described in previous sections, the Tribe will focus primarily on
reducing sediment loads in the Soldier Creek watershed to support Aquatic Life. These
efforts will produce significant secondary benefits by reducing nutrient concentrations,
particularly TP, which contribute to the Aquatic Life impairment. Agricultural practices
will also directly and indirectly reduce Atrazine and bacteria concentrations, which will
help neighboring communities and watershed partners address those impairments in
anticipation of future TMDLs for those pollutants, or if the Nation should develop its own
WQS and TMDLs in the future.
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As noted above, the current estimated sediment load from nonpoint sources in the Upper
Soldier Creek watershed is 27,900 tpy according to KDHE (KAWS, 2011). KDHE's
proposed load reduction endpoint to meet the TMDL is 18,400 tons of sediment per year.
BMPs implemented by the Nation on Tribal land and in partnership with non-tribal
landowners where possible will address sediment originating on the Reservation, and will
contribute to overall sediment load reductions, which will help partners and neighboring
communities meet the desired endpoint.

Because agricultural land uses make up most of the Reservation’s area, agricultural BMPs
are proposed to meet the pollutant reduction targets. On non-tribal land not subject to the
Nation’s jurisdiction, the Tribe will partner with the Cooperative Extension Service,
Jackson County Conservation District, Natural Resources Conservation Service, and other
Middle Kansas WRAPS partners to enlist landowners to participate in this effort. Potential
load reduction estimates presented below are good faith estimates of potential
partnerships, based on current agricultural trends.

To address the impairments that the SLT has selected, the planning team evaluated the
assumed pollutant sources and identified corresponding BMPs that could be successfully
implemented to address these sources. Three primary BMPs were identified based on past
and current Tribal experience and initiatives, conversations with partner organizations
and local practitioners, and the project team's considerable relevant experience and
professional judgment.

The Nation proposes a 20-year implementation program to implement the BMPs
described below.

Riparian Buffers

Riparian buffers are proposed along stream corridors adjacent to cropland where
currently absent. Restored buffers of up to 150 feet in width are proposed with a mix of
native grasses, forbs, trees, and shrubs to restore healthy riparian corridors where
possible. The riparian buffer restoration concepts were developed and refined based upon
information provided through extensive riparian corridor habitat assessment and
modeling. Several different riparian buffer configurations will be implemented
depending on site-specific conditions, as described in Appendix B. Proposed locations are
illustrated on Figure 10, below (PBPN, 2021).

Stream Stabilization

Stream stabilization is proposed as noted on Figure 10, below, to address previously
identified unstable stream reaches. The primary strategy will be to install grade
stabilization throughout to prevent incision in the target stream reaches in the Soldier
Creek watershed, which should significantly reduce stream erosion and sediment
entrainment. Additional bioengineering practices such as in-stream structures (rock vanes
and weirs), toe stabilization, revetments, flood terracing and bank reshaping, and native
vegetation will be strategically employed over subsequent years to further redirect erosive
flows, provide adequate conveyance and floodplain storage, and naturally reinforce
unstable streambanks. Measures for stream restoration and in-stream habitat concepts
were refined based upon stream stability assessments, hydraulic modeling, and aquatic
habitat assessment and modeling as described in Appendix B (PBPN, 2021).
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PBPN 9-Element Plan

Figure 10 - Proposed areas for riparian corridor restoration and/or streambank
stabilization measures (PBPN, 2021).

No-Till Farming and Regenerative Agriculture

While fairly limited in area compared to pastureland, conventional cropland throughout
the Reservation occupies relatively level floodplains and adjacent terraces along stream
corridors and are more prone to erosion because of a relative lack of vegetative cover.
Because of their proximity to streams and greater erosive potential, cropland contributes
a disproportionate pollutant load to the watershed. A holistic package of no-till and
regenerative agriculture practices (See Appendix C) including cover crops and soil health
measures will be implemented on Tribally owned and operated land, and no-till and
regenerative agriculture requirements will be integrated into lease agreements for land
leased to non-tribal farmers. The Tribe will work cooperatively with partners to encourage
non-tribal landowners to adopt the practices on cropland that they farm or lease as well.
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5.1 BIG SOLDIER CREEK WATERSHED

Table 3 illustrates proposed and potential agricultural BMPs evaluated for the Soldier
Creek watershed. The implementation schedule assumes that riparian buffers and in-
stream grade stabilization on Tribal lands will be implemented in the first 5 years in
collaboration with the U.S. Army Corps of Engineers. Additional riparian buffers on
Tribal land will be implemented over the subsequent 15 years. The Tribe will work to
implement agricultural practices on Tribal land and will collaborate with its partners to
encourage adoption of riparian buffers and regenerative agricultural practices on non-
tribal owned lands over the entire 20-year planning period. Information and Education
(I&E) practices are described in Section 6.0.

TABLE 3: ANNUAL BMP IMPLEMENTATION
SOLDIER CREEK WATERSHED

No Till + No Till +
Riparian Riparian Regenerative Regenerative
Buffers on Buffers on 25% | Agriculture Agriculture on
Tribal of Non-Tribal on Tribal 25% of Non- Stream
Cropland) Cropland Cropland Tribal Cropland | Stabilization
Year (Acres) (Acres) (Acres) (Acres) (Miles)
1 18.40 0 265 90 0.41
2 18.40 0 265 90 0.41
3 18.40 0 265 90 0.41
4 18.40 0 265 90 0.41
5 18.40 0 265 90 0.41
6 0.00 104 265 90 0.0
7 0.00 104 265 90 0.0
8 0.00 104 265 90 0.0
9 0.00 104 265 90 0.0
10 0.00 104 265 90 0.0
11 0.00 104 265 90 0.7
12 0.00 104 265 90 0.7
13 0.00 104 265 90 0.7
14 0.00 104 265 90 0.7
15 0.00 104 265 90 0.7
16 0.00 104 265 90 0.7
17 0.00 104 265 90 0.7
18 0.00 104 265 90 0.7
19 0.00 104 265 90 0.7
20 0.00 104 265 45 0.7
Total 95.0 156 5300 1755 9.2

Table 3 is an illustration contingent upon securing needed staffing, funding, outreach, and partnership
assistance. Additionally, the schedule assumes that riparian buffers and in-stream grade stabilization on
Tribal lands will be implemented in the first 5 years in collaboration with (and funding from) the U.S. Army
Corps of Engineers. See Section 7.2 for details.
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Table 4 presents the estimated sediment load reductions for the 20-year implementation
period, based on a combination of SWAT modeling and streambank load reduction
estimates as previously described.

TABLE 4: ADDITIVE ANNUAL SEDIMENT LOAD REDUCTIONS
SOLDIER CREEK WATERSHED

Riparian Riparian No Till +
Buffer Buffer Filter No Till + Regenerative
Filter Strips on | Regenerative | Agriculture
Strips on | 25% of Non- | Agriculture on 25% of Stream Cumulative
Tribal Tribal on Tribal Non-Tribal Stabili- | Annual Load
Cropland) | Cropland Cropland Cropland zation Reduction
Year (Tons) (Tons) (Tons) (Tons) (Tons) (Tons)
1 487 0 84 49 309 930
2 974 0 169 99 618 1859
3 1460 0 253 148 928 2789
4 1947 0 338 197 1237 3719
5 2434 0 422 246 1546 4649
6 2434 91 507 296 1546 4873
7 2434 181 591 345 1546 5098
8 2434 272 676 394 1546 5322
9 2434 363 760 443 1546 5546
10 2434 454 845 493 1546 5771
11 2434 544 929 542 1701 6150
12 2434 635 1013 591 1855 6529
13 2434 726 1098 641 2010 6908
14 2434 816 1182 690 2164 7287
15 2434 907 1267 739 2319 7666
16 2434 998 1351 788 2474 8045
17 2434 1089 1436 838 2628 8424
18 2434 1179 1520 887 2783 8803
19 2434 1270 1605 936 2937 9182
20 2434 1361 1689 986 3092 9561

Table 4 is an illustration contingent upon securing needed staffing, funding, outreach, and partnership
assistance. See Section 7.2 for details.

5.2 LITTLE SOLDIER CREEK WATERSHED

Although Little Soldier Creek is not listed as water quality impaired, BMPs, I1&E and O&M
efforts will positively affect the bacteria and Atrazine impairments in the Lower Soldier
Creek and Kansas River watersheds near Topeka. The Nation will work with Tribal and
non-tribal landowners in a similar fashion to implement BMPs throughout the watershed.
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Additional implementation strategies for the Little Soldier Creek watershed include the
following:

¢ Riparian buffers on Tribal land

e Riparian buffers on nontribal land

e No-till and regenerative agriculture on Tribal land

¢ No-till and regenerative agriculture on nontribal land
e Wetland restoration

I&E activities are ongoing and will increase in the future, as the Nation works with the
Middle Kansas WRAPS to coordinate BMP implementation throughout the watershed.
Although the extent of existing agricultural BMPs is unknown, successful outreach efforts
undertaken by WRAPS partners in the Middle Kansas watershed and elsewhere should
continue during the 20-year program period, with coordination and cooperation the
Nation. Other approved WRAPS projects assume a 40-percent adoption rate for
agricultural BMPs over a 20-year program period, so the 25-percent estimate in this plan
is conservative.

6.0 INFORMATION AND EDUCTATION
6.1 ACTIVITIES AND EVENTS

Successful pollution reduction and prevention programs require voluntary cooperation
and compliance from Tribal Members, staff and departments, stakeholders, and other
landowners in the watershed. Education to explain the benefits of compliance is essential
for success. Education efforts are accordingly designed to promote understanding of
water quality problems, requirements, and best management practices. The PBPN PEP
will continue to develop educational materials designed for Tribal members and
landowners, agricultural leaseholders, Tribal staff from relevant departments and
affiliated corporations, non-tribal landowners, and other stakeholders as appropriate.
Outreach activities will include online and print educational and technical assistance
materials, presentations to Tribal and affiliated staff, and tours of Tribal holdings to
demonstrate BMPs and restoration projects. For example, PEP publishes a quarterly
newsletter that is the most effective outreach tool to provide information to all Reservation
residents. The Prairie Band Potawatomi Newspaper and website are useful outreach tools,
providing public notices and publishing PEP articles. Finally, in conjunction with its
ongoing resilience planning efforts, PEP plans to work Tribal members of all ages to
develop citizen science programs to crowdsource data gathering while educating the
community and strengthening its base of scientific and Traditional Ecological Knowledge.

Tribal Departments and Prairie Band, LLC

Training will be developed and provided to Tribal staff from departments whose
operations have the potential to impact water quality and who will be instrumental in
implementing the water quality program. Staff training will cover water quality issues,
permit requirements, general Section 319 program activities, and BMP implementation
described in this plan. Training will include but not be limited to the Road & Bridge
Department, Land Management (including the Buffalo Management Program), Land
Office, Building Maintenance & Construction, and Prairie Band LLC subsidiaries Prairie
Band Ag and Prairie Band Construction.
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Tribal and Non-tribal Landowners

The proposed water quality program includes I&E and operations and maintenance
(O&M) activities in addition to the structural and nonstructural BMPs described in the
previous section. The Nation will focus I&E and O&M efforts on other Tribally owned
and operated lands such as rangeland and pastures, including those occupied by the
buffalo herds. While grazing lands constitute most of the Reservation’s land area, they are
much less prone to erosion because of the prevalence of continuous vegetative cover,
including significant deep-rooted native prairie species. O&M practices such as rotational
grazing, cattle (and buffalo) fencing, alternative water supplies, riparian buffer
enhancement, and planting of native hay species contributed relatively little to the load
reduction estimates identified by the SWAT model and therefore were excluded from the
quantitative estimates. Regardless, they are particularly important for proper landscape
management and pollution prevention efforts and will be incorporated into management
plans for Tribally owned, operated, and leased lands.

PEP will provide I&E materials to Tribal landowners as it works to implement these
practices. It will also provide I&E materials and will work cooperatively with partners to
encourage nontribal landowners to adopt similar BMP and O&M practices on their crop,
range, and pasture lands.

Demonstration Projects

PEP will work with other Tribal departments and LLC subsidiaries to develop
demonstration sites where it can implement and showcase BMPs for staff training and
outreach to Tribal landowners, agricultural leaseholders, nontribal landowners, and the
public. PEP anticipates implementing pilot projects at Prairie Peoples Park to develop
internal staff capacity and train new staff and educate the general public. PEP will work
with Land Management and Prairie Band Ag to create regenerative agriculture
demonstration sites on Tribally operated cropland and pastureland. Demonstration
projects will be monitored for cost, environmental performance, and cost-effectiveness,
and the lessons learned will be used for continuous process improvement efforts and
shared with Tribal and nontribal landowners, stakeholders, and partners.

Stakeholder Coordination

In addition to Tribal initiatives, the Prairie Band Potawatomi Nation will work
cooperatively with other Tribal, federal, state, and local governments, and other
stakeholder groups such as local watershed associations. Current and ongoing
involvement with Middle Kansas Watershed Restoration and Protection Strategy will
provide networking, resources, and educational opportunities for environmental staff. A
watershed- based approach shall be incorporated into PBPN nonpoint source
management plan. Table 4 summarizes information and education targeting
implementation, operation, and maintenance of planned BMPs.

Citizen Science Programs

Citizen science is defined as involving the public in scientific research, data collection, and
identification of environmental issues and/or approaches to address those issues. Web-
based platforms like iNaturalist, FieldScope and River Source make citizen science
accessible to anyone and everyone who is interested in getting outdoors and involved.
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TABLE 5: INFORMATION AND EDUCATION IN SUPPORT OF PUBLIC AWARENESS AND

PARTICIPATION
I&E Practice | Description Existing Planned Ta1jget Partnerships
Audience
. Proper septic Web site, Rural and Jackson
Septic system . County
. water bill Increased suburban
System operation, . Health
. - inserts, outreach, property
Education maintenance, . . . . Department,
. inspections, | multimedia | owners w/o
and and repair; .. Jackson
and advertising POTW
Enforcement eventual . County
enforcement connection .
replacement Extension
Planning, Multimedia
design advertising; Jackson
. > ’ Tribal County
installation of workshops; . .
. . L agricultural Extension /
Agricultural agricultural Brochures, training; ) .
. operations/ Conservation
BMP BMPs; web sites, volunteer . .
Education cost/benefit speakers installations non-tribal District,
p agricultural [ NRCS, Middle
and cost- of each
. producers Kansas
share agricultural
WRAPS
programs BMP type
Public and Newsbaper
General Earth Day Earth Day | elementary/ papet,
Earth Day . . Education
e watershed booth with Booth with secondary
Activities . . Department,
awareness presentation | Presentation schools,
Elder Center
elders
Planning, Tribal and
. design, and Bank Prairie LLC staff, .
Riparian . . e . Tribal
implementati | stabilization, Peoples Tribal and
Buffer and o . departments,
on of stream | riparian and Park nontribal .
Streambank . .. Prairie Band
e protection prairie buffer | demonstra- | landowners,
Stabilization ] ) . ) LLC,
and installations tion sites general
restoration public
Programs to
educate the TBD
Citizen public and To Be General (Education,
. gather data Not . . Elder Center,
Science : Determined public,
Proorams on watershed | Applicable TBD outh. elders Language and
8t and (TBD) y ’ Cultural
ecological Department)
health
Notes:

BMP  Best Management Practice
NRCS Natural Resources Conservation Service
POTW Publicly Owned Treatment Works

6.2

PROGRAM EVALUATION

Information and Education activities funded through the PBPN will include a program
evaluation component designed to assess program effectiveness. Evaluation methods
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may vary from program to program but will, at a minimum, include participant learning
objectives and estimate outcomes relative to behavior changes and BMP adoption rates
expected to result from the information and education activities. Written evaluations of
program activities will include participation rates and demonstrating successful delivery
of learning objectives and progress toward achieving program goals and objectives.

7.0 IMPLEMENTATION
7.1 COSTS OF IMPLEMENTING BMPS

The total estimated cost for addressing impairments outlined in Section 5.0 is based on a
20-year implementation program, broken into three phases (Years 1 - 5, 6-10, and 11-20)
based on potential funding. The total estimated cost is $35,520,000 in 2022 dollars.

TABLE 6: SUMMARY OF ESTIMATED PROGRAM COSTS

Riparian No Till +
Riparian Buffer Regenerati
Buffer Filter No Till + ve
Staff& Filter Stripson | Regenerative | Agriculture
Admin. / Strips on 25% of Agriculture on 25% of Stream
1.5 New Tribal Non-Tribal on Tribal Non-Tribal Stabili- TOTAL
Year FTE I&E Cropland | Cropland Cropland Cropland zation
1| $150,000 | $50,000 [ $195,000 $163,000 $16,000 $5,400 | $1,200,000 | $1,780,000
> | $150,000 | $50,000 [ $195,000 $163,000 $16,000 $5,400 | $1,200,000 | $1,780,000
3 | $150,000 | $50,000 [ $195,000 $163,000 $16,000 $5,400 | $1,200,000 | $1,780,000
4 | $150,000 | $50,000 | $195,000 $163,000 $16,000 $5,400 | $1,200,000 | $1,780,000
5| $150,000 | $50,000 [ $195,000 $163,000 $16,000 $5,400 | $1,200,000 | $1,780,000
6 | $150,000 | $50,000 $163,000 $16,000 $5,400 $380,000
7 | $150,000 | $50,000 $163,000 $16,000 $5,400 $380,000
g | $150,000 | $50,000 $163,000 $16,000 $5,400 $380,000
9 | $150,000 | $50,000 $163,000 $16,000 $5,400 $380,000
10 | $150,000 | $50,000 $163,000 $16,000 $5,400 $380,000
11 | $150,000 | $50,000 $163,000 $16,000 $5,400 | $2,100,000 | $2,480,000
12 | $150,000 | $50,000 $163,000 $16,000 $5,400 | $2,100,000 | $2,480,000
13 | $150,000 | $50,000 $163,000 $16,000 $5,400 | $2,100,000 | $2,480,000
14 | $150,000 | $50,000 $163,000 $16,000 $5,400 | $2,100,000 | $2,480,000
15 | $150,000 | $50,000 $163,000 $16,000 $5,400 | $2,100,000 | $2,480,000
16 | $150,000 | $50,000 $163,000 $16,000 $5,400 | $2,100,000 | $2,480,000
17 | $150,000 | $50,000 $163,000 $16,000 $5,400 | $2,100,000 | $2,480,000
18 | $150,000 | $50,000 $163,000 $16,000 $5,400 | $2,100,000 | $2,480,000
19 | $150,000 | $50,000 $163,000 $16,000 $5,400 | $2,100,000 | $2,480,000
oo | $150,000 [ $50,000 $81,500 $16,000 $2,700 | $2,100,000 | $2,400,000
$3,000,000 $975,000 $3,178,500 $320,000 $105,300 | $27,000,000 | $35,520,000
$1,000,00
TOTAL 0

Table 6 is an illustration contingent upon securing needed staffing, funding, outreach, and partnership
assistance. Additionally, the schedule assumes that riparian buffers and in-stream grade stabilization on
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Tribal lands will be implemented in the first 5 years in collaboration with (and funding from) the U.S. Army
Corps of Engineers. See Section 7.2 for details.

Estimated costs are general and are based on the following sources:

e Costs for riparian buffer restoration, grade stabilization, and streambank
stabilization came from a feasibility for a USACE ecosystem restoration project.
The project is eligible for Federal funding for approximately 61 acres of riparian
corridor restoration and 2 miles of grade stabilization. A 15% escalation factor was
applied to the opinions of probable cost from early 2021. Not eligible for Federal
funding are about 34 acres of riparian restoration, and other streambank
stabilization costs for 7.2 miles of additional restoration area.

e Operations & Maintenance costs are also derived from the USACE study.

e Costs to convert farmland to no-till and implement regenerative agriculture
practices were provided by K-State Research & Extension based on their actual
project costs from across the state.

e Implementation costs include program administration and annual, targeted I&E.
The estimate in Table 6 assumes 1.0 to 1.5 additional, full-time equivalent (FTE)
staff will be needed to administer the program (about $150,000 per year). The
program administrator will be housed in PEP with additional staff support from
the General Manager of Tribal Operations (GM) and other departments as noted
below. Additional dedicated I&E funding (estimated at $50,000/year) would be
used for program-specific education and technical assistance.

7.2 POTENTIAL FUNDING SOURCES

Grant money and matching funds for program implementation could potentially be
obtained from a variety of sources. The PBPN Planning and Environmental Protection
(PEP) Division will administer the program and grant funds in conjunction with the
General Manager of Tribal Operations and staff support from the other Tribal
departments, including Lands Management, and Prairie Band LLC where applicable.
Funding for the added staff and administration will be solicited from a variety of sources.
Administration and overhead funding will be requested where allowable, and other
dedicated capacity-building or environmental justice grant funds will be sought to make
up the difference.

The estimated project costs presented in Table 6 above assume that matching funds will
be solicited from the following sources. Actual program implementation will depend on
funding availability and success in securing available funding. See Table 7 below for a
breakdown of estimated costs after accounting for potential funding sources.

e USACE: PBPN assumes that installation of riparian buffers and grade stabilization
in Phase I (years 1-5) would be funded by the USACE through a cost-share
agreement. If the Tribe and USACE are able to successfully negotiate a cost share
agreement, approximately $6.0 Million in Federal funding would be provided by
USACE. PBPN would contribute land, in-kind services, and some cash toward its
matching share.

26



US Department of Agriculture (USDA) Natural Resources Conservation Service
(NRCS) and Farm Service Agency (FSA) Cost Share Programs: PBPN anticipates
using some or all of the following Federal programs to provide matching funds
for typical agricultural BMPs (cover crops, no-till, and other regenerative
practices) on Tribal and nontribal land. Currently the Land Management
Department participates in the following US Department of Agriculture cost share
programs:

o Environmental Quality Improvement Program (EQIP)
o Conservation Reserve Program (CRP)

Other USDA programs that could provide funding in the future include those
below. In particular, the proposed riparian buffers are more robust than standard
grassed filter strips and may require other sources of matching funds such as the
Forestland Enhancement Program.

Continuous Conservation Reserve Program
Wetland Reserve Program (WRP)

Wildlife Habitat Incentive Program (WHIP)
Forestland Enhancement Program (FLEP)
State Acres for Wildlife Enhancement (SAFE)
Grassland Reserve Program (GRP)

Farmable Wetlands Program (FWP)

O O O 0O O O O

EPA Section 319 Grants: Pilot projects and targeted education and monitoring
may be funded through the EPA, based on funding.

o PBPN anticipates that additional funding will be available for the initial 5-
year period at a minimum to address EJ and CAS; See Section 3.3 above for
details.

Kansas WRAPS Grants: State funding for cooperative projects may also be
available through the EJ initiative as described in Section 3.3.

State Cost Share Programs: The Division of Conservation (DOC), Kansas
Department of Agriculture administers four voluntary cost-share programs that
may be used to fund BMPs on nontribal lands:

Water Resources Cost-Share Program
Non-Point Source Pollution Control Program
Riparian and Wetland Protection Program

o Sediment & Nutrient Reduction Initiative
Bipartisan Infrastructure Law and Inflation Reduction Act: The Tribe will
continue to explore new funding opportunities for water resources, natural
resources, infrastructure (including streambank stabilization), climate resilience,
and Tribal development and assistance that could be used to fund capacity-
building (including additional staff and administration funding), BMPs,
infrastructure improvements, and I&E activities proposed in this plan.

O O O
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TABLE 7: OVERVIEW OF ESTIMATED PROGRAM COSTS AFTER COST SHARE

No Till +
No Till + Regenerati
Riparian | Regenerative ve
Staff & Riparian | Buffers on Agriculture | Agriculture
Admin. / Buffers 25% of on Tribal & on 25% of Stream
1.5 New on Tribal | Non-Tribal Nontribal Non-Tribal Stabili- TOTAL
Year FTE I&E Cropland2 | Cropland® Croplande Croplande zation?
1| $150,000 $50,000 $19,500 $163,000 $4,800 $1,620 $120,000 $508,920
> | $150,000 $50,000 $19,500 $163,000 $4,800 $1,620 $120,000 $508,920
3| $150,000 $50,000 $19,500 $163,000 $4,800 $1,620 $120,000 $508,920
4 | $150,000 $50,000 $19,500 $163,000 $4,800 $1,620 $120,000 $508,920
5| $150,000 $50,000 $19,500 $163,000 $4,800 $1,620 $120,000 $508,920
6 | $150,000 $50,000 $163,000 $4,800 $1,620 $369,420
7 | $150,000 $50,000 $163,000 $4,800 $1,620 $369,420
g | $150,000 $50,000 $163,000 $4,800 $1,620 $369,420
9 | $150,000 $50,000 $163,000 $4,800 $1,620 $369,420
10 | $150,000 $50,000 $163,000 $4,800 $1,620 $369,420
11 | $150,000 $50,000 $163,000 $4,800 $1,620 | $2,100,000 | $2,469,420
12 | $150,000 $50,000 $163,000 $4,800 $1,620 | $2,100,000 | $2,469,420
13 | $150,000 $50,000 $163,000 $4,800 $1,620 | $2,100,000 | $2,469,420
14 | $150,000 $50,000 $163,000 $4,800 $1,620 | $2,100,000 | $2,469,420
15 | $150,000 $50,000 $163,000 $4,800 $1,620 | $2,100,000 | $2,469,420
16 | $150,000 $50,000 $163,000 $4,800 $1,620 | $2,100,000 | $2,469,420
17 | $150,000 $50,000 $163,000 $4,800 $1,620 | $2,100,000 | $2,469,420
18 | $150,000 $50,000 $163,000 $4,800 $1,620 | $2,100,000 | $2,469,420
19 | $150,000 $50,000 $163,000 $4,800 $1,620 | $2,100,000 | $2,469,420
o0 | $150,000 $50,000 $81,500 $4,800 $1,620 | $2,100,000 | $2,387,920
$3,000,000 | $1,000,000 $97,500 $3,178,500 $96,000 $32,400 | $21,600,000 | $29,004,900
TOTAL
Notes:

a. Riparian buffers and in-stream grade stabilization on Tribal lands in the first 5 years are contingent upon
collaboration with (and funding from) the U.S. Army Corps of Engineers, which would cover about 90%
of the total cost. See Section 7.2 for details.

b Costs are shown for 150-foot wide wooded/mixed vegetation riparian buffers rather than typical NRCS
EQIP prairie buffer strips, which will require exploration of other USDA or other funding programs.

¢ Assumes 70% cost share from USDA/NRCS EQIP and CRP conservation programs.

8.0 TIMEFRAME

As previously noted, based on the information currently available, meeting the required
load reductions will likely be a physically, socially, technically, and financially
challenging undertaking.

Because of the anticipated difficulty, the Nation proposes a 20-year implementation plan,
broken into three phases (Years 1 - 5, 6-10, and 11-20) based on potential funding as
described in Section 7. Activities during the initial 5-year period center on implementation
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of the USACE ecosystem restoration project, and efforts to begin conversion of Tribal and
non-tribal cropland to no-till and regenerative agriculture practices. The proposed
implementation strategies for years 6 - 10 and 11 - 20 will be implemented as specific
opportunities and funding are identified. Finally, additional monitoring and study of both
pollutant sources and BMP effectiveness will improve the community's understanding of
the watershed's needs and the most effective means of improving watershed health. The
approach will be revised periodically (on a 5-year basis) as described in Section 11. With
each revision, the remainder of the implementation program and schedule will be adapted
as the cost-effectiveness of various approaches is better understood.

9.0 MEASURABLE MILESTONES

9.1 WATER QUALITY MILESTONES FOR SOLDIER CREEK - BIOLOGICAL
SEDIMENT TMDL

As previously stated, this plan estimates that it will take 20 years to implement the
planned BMPs, which should reduce Soldier Creek sediment loads by 33 to 50%. The table
below includes 10- and 20-year water quality goals related to the high priority biological
sediment TMDL for Upper Soldier Creek. The TMDL focuses on average concentrations
during the runoff condition, which is defined in the TMDL as flows greater than the
median flow condition. The TMDL establishes relationships between sediment
concentrations relative to flow conditions. Therefore, the current condition for high flow
concentrations has been established with the 90th percentile concentration at sampling
site SC101 from 2000-2007. These current conditions have been utilized to develop water
quality milestones for total suspended solids (TSS), as indicated in the table below.

TABLE 8: WATER QUALITY MILESTONES FOR SOLDIER CREEK

Current 10-Year Goal 20-Year Goal
Condition*
Average TSS Improved Total Improved Total
Runoff Condition Reduction Condition Reduction

Condition | Average TSS | Desired | Average TSS Desired

Soldier
Creek
SC101
(Delia)

232 mg/1 200 mg/1 25% 168 mg/1 50%

Reductions in total phosphorus (TP), total nitrogen (TN), and bacteria should be
proportional to TSS reductions. In addition, PBPN will make improvements toward the
following desired endpoints: an average EPT count of 48% or greater and MBI values
approaching 4.5 after 20 years.
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9.2 ADDITIONAL WATER QUALITY INDICATORS

The proposed BMPs should result in similar relative load reductions for Total Nitrogen
and Total Phosphorus of 25% over 10 years and 50% over 20 years. Bacteria should also
see proportional load reductions.

In addition to the monitoring data, the Nation can utilize other water quality indicators.
Such indicators may include excessive turbidity and sedimentation, anecdotal
information from citizens (skin rash outbreaks, fish kills, nuisance odors), and stream
team monitoring results, all of which can be used to assess short-term deviations from
water quality standards.

9.3 MONITORING WATER QUALITY PROGRESS

KDHE continues to monitor water quality in the Upper Soldier Creek Watershed by
maintaining the monitoring stations located within the watershed. The map on page 30
shows the KDHE monitoring stations located in streams and lakes. KDHE utilizes a
Stream Biological Monitoring Program and Stream Probabilistic Monitoring Program to
determine if Kansas WQS and Designated Uses are being met. Stream chemistry and
stream biological monitoring programs have traditionally employed a targeted
monitoring design, with stations positioned strategically at locations that capture runoff
from a large portion of the state’s land area, bracket potential contamination sources (e.g.,
upstream and downstream of large wastewater treatment plants), monitor interstate
waters, and describe and track long term trends. The KDHE Stream Probabilistic
Monitoring Program visits randomly selected sites and collects a variety of data to support
a statewide assessment of rivers and streams. It also maintains and monitors a network of
reference sites, which are used to establish thresholds for indices of aquatic life support.
Targeted monitoring continues to serve as the primary basis for CWA section 303(d) list
development, total maximum daily load (TMDL) formulation, and National Pollutant
Discharge Elimination System (NPDES) permit review and certification. The sites are
sampled for nutrients, E. Coli bacteria, chemicals, turbidity, alkalinity, dissolved oxygen,
pH, ammonia, and metals. The pollutant indicators assessed for each site may vary
depending on the season at collection time and other factors.

9.4 EVALUATION OF MONITORING DATA

Monitoring data in Upper Soldier Creek will be used to determine water quality progress,
track water quality milestones, and to determine the effectiveness of the BMP
implementation outlined in the plan. The schedule of review for the monitoring data will
be tied to the water quality milestones that have been developed for each watershed, as
well as the frequency of the sampling data.

The BMP implementation schedules, and water quality milestones will extend through a
20-year period as described above. Throughout the plan period, the Tribe’s Section 106
program, alongside KDHE, will continue to analyze and evaluate the monitoring data
collected upstream and downstream of the Reservation. KDHE and USGS have
designated monitoring locations upstream and downstream of PBPN Reservation. As this
plan builds upon the 2011 Middle Kansas Watershed Restoration and Protection Strategy
9 Element Plan, and because PBPN does not have its own water quality standards,
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historical and current data collected by KDHE and USGS will be used to determine
upstream and downstream water quality conditions.

Significant additional resources, time, and staff are necessary if PBPN is to operate an
effective and mature water program that includes planning, monitoring, assessment,
standards development, and other operations similar to the State of Kansas. PBPN-PEP
typically operates all current water programs with 1.5 FTEs (full-time equivalent
employees), and when task saturation occurs, tasks must be prioritized accordingly. The
PBPN-PEP Water Program was initially designed to develop a baseline set of water
quality indicators. The collection and analysis of baseline data takes decades to develop
into a thorough water quality program. If additional funding and staff are secured and
obtained, PBPN can begin to develop and implement a water quality standards program
that parallels the State of Kansas.

Until then, PEP staff will work with the State to integrate aspects of their monitoring
programs into PEP’s water quality monitoring program. For instance, the following is
needed to operate a WQS similar to the State: Water chemistry and biological metrics are
used as indicators of a water body’s capacity to meet its designated uses. The State of
Kansas utilizes a suboptimal aquatic macroinvertebrate community metric to
demonstrate non-support for biology for streams. This process is important to understand
for the determination of 303(d) listing purposes. Big Soldier creek is currently listed as
impaired for Biology. Biological metrics are used for diagnostic purposes such as:

e MBI- Macroinvertebrate index

e KBI - Kansas Biotic Index

e EPT index Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera
(caddisflies)

% EPT

Total Taxa

EPA rapid habitat assessment protocol

HDI- Habitat Diversity Index

In order for Kansas Tribal water programs to develop to this level will require significant
resources, development, and time. The metrics listed above are required for Section 303(d)
listing and current CWA-106 tribal programs do not have the staff required to fully
function at this level. This is only one aspect of a full WQS program that needs to be
considered by tribal administration and management before considering TAS for WQS.

Once funding is secured for BMP implementation, and after the first five years of
monitoring and BMP implementation, the Nation will work with KDHE to evaluate the
available water quality data to determine whether the water quality milestones have been
achieved. KDHE and the Nation can cooperatively address needed modifications or
revisions to the plan based on the data analysis.

In addition to the planned review of the monitoring data and water quality milestones,
KDHE and the Nation may revisit the plan in shorter increments. This would allow KDHE
and the Nation to evaluate newer available information such as the WRAPS plan update,
incorporate any revisions to applicable TMDLs, or address any potential water quality
indicators that might trigger an immediate review.
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10.0 MONITORING WATER QUALITY PROGRESS
10.1 EXISTING MONITORING NETWORK

Active water quality monitoring stations in the Soldier Creek watershed include two
KDHE Bureau of Water permanent water quality monitoring stations and four USGS
gauging stations. The KDHE monitoring sites are permanent sites and are anticipated to
be continued into the future.

Figure 11 illustrates the active KDHE and USGS monitoring sites.

Soldier Creek TMDL
Stream Network

I ™

KDHE Manitoring Sites
= Permanent Chemistry

» Rotational Chermistry
Biological
* USGE Gage
(1 Potawatomi Reservation
er County
HUC 11
[ Lakes
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Figure 11 - KDHE and USGS Monitoring Sites (KAWS, 2011)

BOWAVPS 01/05/2006

Streams within the Soldier Creek Watershed are affected by water quality problems
common to surface water in the Great Plains agricultural region. During the rainy months
of the year, there is an increase in bacteria, pesticides/herbicides, sediment, and nutrient
loading into streams within Reservation boundaries. Monitoring of pollutants is
important to understanding the health of the 193 miles of streams flowing within the
boundaries of the Reservation. The quality and quantity of water needs to be maintained
at a level that poses no danger to human health and protects environmental resources on
the Reservation and for downstream communities. Therefore, monitoring is critical to
maintaining, preserving, and protecting these valuable water resources.
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From June 1996 to August 2006, PBPN and USGS collected, analyzed, and summarized
surface and groundwater water quality as part of a cooperative study. Since then, PBPN
developed a Quality Assurance Program Plan to sample ambient waters (surface and
groundwater) within the PBPN Reservation, with the intention to begin developing a
water quality baseline for PBPN water resources. PBPN monitoring of surface water is
conducted at 5 sites along Big Soldier, Little Soldier, and Big EIm Creek. Groundwater is
monitored by the Tribe’s 106 CWA Program through 8 monitoring well sites located
throughout the Reservation. The map in Figure 12 shows the locations of the water quality
monitoring sites within the Reservation. All surface water samples are analyzed for
physical properties, dissolved solids, major ions, nutrients, trace elements, pesticides,
fecal indicator bacteria, suspended sediment concentration, and total suspended solids.
All ground water samples are analyzed for physical properties, dissolved solids, major
ions, nutrients, trace elements, pesticides, and fecal indicator bacteria (PBPN 2022a,
2022b). PBPN-PEP’S Water Program developed a Surface Water Quality Criteria as a
measure to gauge water quality within the Reservation boundaries - see Table 9, below.
Surface water monitoring, under an EPA approved QAPP, began during the year 2011.
Since then, PEP data set has been used to gauge water quality over time. By using the
Surface Water Quality Criteria, PEP can determine if numeric criteria for designated uses
are being met by standards set forth by Federal and State standards.

Goals and objectives for the program were established within a number of the Nation’s
other plans including the Water Quality Management, Wetlands Conservation, and
Wildlife Management plans. Long-term goals for water quality include:

e Protecting and enhancing the quality of waters and wetlands of the Reservation
for the benefit of current and future generations.

e Attaining a level of water quality that allows for fishing and swimming in all
surface waters within the Reservation, by controlling all point and nonpoint
pollution sources within and outside of the Reservation.

e DPreventing adverse effects to human health and the environment by ensuring that
groundwater quality is protected through the control of potential sources of
contamination within the Reservation.
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TABLE 9: PRAIRIE BAND POTAWATOMI NATION SURFACE WATER QUALITY CRITERIA
DEVELOPED SEPTEMBER 30, 2010

PARAMETER UNITS WATER USE Aquatic| WATER USE Contact WATER USE
Life Recreation (Swimming)| Domestic Water
Supply?
Dissolved Oxygen mg/L >5 mg/L! - -
pH Units 6.5-851 - -
Temperature ° Celsius 321 (working on - -
seasonal temperature
values for Tribal
waters)
Turbidity FNU (~ NTU) 41NTU? - -
Total Dissolved mg/L - - 5003
Solids
(calcium,
magnesium,
sodium, potassium,
anions bicarbonate,
sulfate, and
chloride)
E. Coli MPN/100mL - 1264 (assessing 75% CI -
of 235 until have
enough data for
geometric mean)
Nitrate + Nitrite mg/L - - 105
Nitrogen
Nitrite Nitrogen mg/L - - 13
Total Nitrogen mg/L 0.96 - -
Total Phosphorous mg/L 0.0756 - -
Arsenic mg/L - - 0.0101
Atrazine ug/L 3.01 - 3.01
Alachlor ug/L - - 2.01

! Kansas Water Quality Standards
2 Aguatic Life Recommendations for Ecoregion IV
3 National Secondary Drinking Water Regulations

4EPA’s Ambient Water Quality Criteria for Bacteria — 1986; EPA440/5-84-002
SEPA’s National Recommended Water Quality Criteria
5EPA’s Regional Technical Advisory Group recommended criteria
"Kansas Implementation Procedures: Surface Water Quality Standards as defined under K.A.R. 28-15-11

(cc).
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Figure 12 - Location of Water Quality Monitoring Sites within the Reservation

This 9 Critical Element plan provides several elements and objectives to meet the above
goals, from collecting baseline data, identifying impaired waters and sources of
impairment, and protecting and restoring riparian corridors, to describing the
information and education needed to enhance public understanding and encourage
participation in the program. See Table 10 below for detailed objectives for the program.
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Table 10: PBPN MONITORING OBJECTIVES

MONITORING OBJECTIVES
Program Area Objectives
Surface Water Quality 1. Assess whether water quality criteria are being met.
for creeks 2. Establish a baseline of water quality condition.

3. Periodically reassess the baseline water quality to look for
changes (status and trends).

Ground Water Quality, 1. Assess whether water quality criteria are being met.

Monitoring Wells 2. Establish a baseline of water quality condition.

3. Periodically reassess the baseline water quality to look for
changes (status and trends).

Physical & biological Collect and assess physical and biological data for creeks, Benthic
monitoring -creeks macroinvertebrate data used to assess water quality
condition/status. Sampling occurs during the open water season
(April - November) within the aquatic stage of the life cycle of the

macroinvertebrates.
Wetlands 1. Develop inventory and map
National Condition 2. Evaluate the ecological integrity of wetlands and the risk
Wetland Assessment posed by stressors affecting the broader environment.
methodology 3. Assess wetland condition.
Non-point Source 1. Identify water needing restoration.

2. Determine the effectiveness of individual NPA projects in
meeting water quality criteria.

3. Evaluate cumulative watershed impacts from best
management practices (BMP) installation.

Emergency Monitoring | Determination of causation of fish kills, impacts of oil/chemical
spills, flooding impacts and harmful algal blooms.

BPN Water Quality Lab IDEXX COLILERT® Quanti-Tray®/2000 TEST METHOD FOR THE
@ Earthship SIMULTANEOUS DETECTION OF TOTAL COLIFORMS AND E.
COLI IN AMBIENT WATER. Standard Method 9223-B

In addition to the above objectives, the 106 Water Quality Monitoring Strategy plan
includes monitoring designs, water quality indicators and parameters, and the quality
assurance parameters. The monitoring program is evaluated on an annual basis to
determine if the current monitoring design is effectively meeting the Nation’s
environmental priorities, determine if goals have been accomplished, and identify
resource needs and any emerging issues that could lead to a shift in Tribal priorities.

CWA Section 106 Sampling Report for 2021

Since 2013, wetland and CWA-319 activities have been incorporated into the PBPN water
program. In addition to sampling site data, PEP staff have been using the Community
Collaborative Rain, Hail and Snow Network (CoCoRaHS), which is a unique, non-profit,
community-based network of volunteers who work together to measure and map
precipitation events, to engage the greater community in collecting local data on
precipitation and evapotranspiration. The data, while valuable for informing local
monitoring, also provides researchers and others with data that can be used at a regional
or national level.
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Water quality is adversely affected by land use and further compounded by extreme
climatic events. Therefore, measures to mitigate streambank erosion and associated
pollutants will need to be implemented throughout the Reservation, with the goal of
pollution control and prevention. A number of recommendations have been made to
improve the watershed and avoid further impacts due to land use. Recommendations
include stream protection and restoration with an emphasis on protecting higher quality
stream reaches, riparian buffer restoration on tribal and non-tribal lands, fencing livestock
out of streams, and providing alternative water supplies for livestock. Long-term stability
initiatives and adopt-a-stream programs could be implemented with community
participation, and education programs could be implemented with the aim of f keeping
streams clean. The more tribal members are involved, the better these water resources will
be protected and enhanced for current and future generations.

10.2 SUPPLEMENTAL MONITORING

Additional monitoring may be provided through citizen science programs as noted in
Section 6.0. The nature and extent of these programs has yet to be determined.

11.0 REVIEW OF THE WATERSHED PLAN - 2033

The Nation will evaluate implementation results during years 1 through 5 to determine
which strategies have provided the greatest benefit, and which are most cost-effective
effective. During this phase of the program, the Nation will also monitor lessons learned
by other regional WRAPS groups, state and national research on BMP effectiveness and
cost, and emerging I&E strategies; as well as local, state, and federal funding availability.
The Nine Critical Element Plan will be updated based on these findings. The Nation will
develop a revised, detailed implementation plan for years 6 through 10 and will adjust
the longer-term implementation strategies and forecasts as appropriate. The Nation will
review the program again after year 10 and will adjust the strategies and forecasts for
years 11 through 20 if needed.
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Technical Memorandum

To: Scott Schulte, Ad Astra Collaborative, LLC

From: Trisha Moore, Kansas State University, Biological & Agricultural Engineering
Subject: Streambank restoration and stabilization sediment load reductions for PBPN

Date: November 14, 2022

1.0 Overview

This memo summarizes available stream assessment data collected for streams within the Prairie
Band Pottawatomie Nation Reservation area (Section 2) and presents a method by which to
estimate sediment loads generated by streambank erosion along these reaches (Section 3).
Potential sediment load reductions that could be achieved through planned restoration and/or
bank stabilization projects within these reaches are then discussed (Section 4).

2.0 Existing stream assessment information

The general health and stability of stream channel and riparian systems within the Prairie Band
Pottawatomie Nation (PBPN) reservation area have been assessed through at least two
independent stream assessment studies. In one, Watershed Resources Solutions (2020) assessed
geomorphic stability at sites along Big and Little Soldier Creeks. Data collected through this
effort was used to classify reaches as “good”, “fair”, or “poor” in terms of channel stability. As
depicted in Figure 1, reaches surveyed in Soldier Creek were distributed relatively evenly
between “Fair” and “Poor,” while in Little Soldier Creek, the majority of reaches were classified
as “Fair” (75%) and the remainder “Poor” (25%). While this assessment is qualitative in nature,
it provides the most comprehensive description of streambank stability in the Reservation area.

In addition to the channel stability assessment, a stream asset inventory (SAI) was conducted in
2019 along many of the same reaches assessed by WRS (2020) as described in Ad Astra
Collaborative (2020). Briefly, the SAI assessment included indicators of geomorphic stability,
terrestrial and aquatic habitat quality, and water quality. These indicators were then used to
classify each reach as one of five categories ranging from “exceptionally high quality (Type I) to
exceptionally low quality (Type V). The majority of streams were classified as “average quality”
(Type 111, 75%), while the next highest category of “relatively low quality” (Type IV) applied to
14% of surveyed reaches (Figure 2). Although the SAI incorporates additional measures of
stream health, it is worth noting that “average” and “relatively low quality” reaches identified
through the SAI generally align with reaches identified as having “Fair” or “Poor” channel
stability by WRS (2020), respectively. Thus, the SAI assessment helps to corroborate qualitative
rankings produced through the channel stability assessment.
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Figure 1. Results of stream stability assessment by Water Resources Solutions in which streams throughout the
PBPN Reservation area were classified as “Good,” “Fair,” or “Poor,” condition, corresponding to green, yellow and
red highlighted reaches in the figure. Figure reproduced from WRS, 2020.
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Figure 2. Results of the Stream Asset Inventory (SAI) conducted by Ad Astra Collaborative in which indicators of
stream stability and overall riparian health were assessed. Indicator ratings were used to assign stream reaches to
categories of Type 1 (green), II (purple), III (yellow), or IV (orange) corresponding to “exceptionally high quality,”
“high quality,” “average,” and “low quality.”

3.0 Developing quantitative estimates of streambank erosion

The SAI and channel stability assessment established benchmark conditions for geomorphic
stability and broader riparian system health across the Prairie Band Pottawatomie Nation
Reservation. These prior assessments also serve as a basis for more quantitative estimates of
streambank erosion and associated sediment loads, as well as the potential to reduce such loads
through restoration and other measures to stabilize stream channels. Several methods were
considered to obtain quantitative estimates of current sediment loads due to channel erosion. For
example, time series of aerial imagery or digital elevation models have been used to estimate
rates of lateral bank erosion (e.g., KWO, n.d.; Layzell et al., 2022). In the case of Soldier and
Little Soldier Creeks, riparian vegetation obscured bank edges (and in some cases the entire



channel) in available aerial imagery and high resolution DEMs (e.g., 1 m scale) as needed to
reliably detect channel degradation were only available for one year. Therefore neither of these
options was pursued. As an alternative, bank erosion measurements and resulting models
developed by Sass and Keane (2012) for streams in the Western Cornbelt Ecoregion of northeast
Kansas were explored. Sass and Keane (2012) employed stream assessment methods described
by Rosgen (1996) to conduct field measurements of geomorphic features in the Black Vermillion
Watershed of northeast Kansas and then classify assessed reaches by stream type. They then
created a Bank Assessment for Non-Point Consequences of Sediment (BANCS) model, also
described by Rosgen (1996), in which indicators related to the susceptibility of a bank to lateral
erosion (known as the Bank Erosion Hazard Index, or BEHI) and relative magnitude of applied
fluvial shear stresses (known as Near Bank Stress, or NBS) are related to lateral bank retreat
rates measured in the field. The resulting bank erosion prediction curve (Figure 3) can be applied
to other streams in the same or similar ecoregions that are characterized by similar climate,
native vegetation and/or cropping systems, soils, and underlying geology — all of which play an
important role in shaping geomorphic processes such as channel erosion.
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Figure 3. BANCS model developed by Sass and Keane (2012) for streams in the Western Cornbelt Region and
applied by Emmert (2013) to streams in three watersheds near to Soldier and Little Soldier Creeks. Figure
reproduced from Sass and Keane (2012).

The BEHI-NBS curves developed by Sass and Keane were applied in watersheds near to Soldier
and Little Soldier Creeks by The Watershed Institute (TWI; Emmert, 2013) as part of an in-depth
study of sediment transport and fate in the watersheds draining to Atchison Lake, Banner Creek
Lake, and Cedar Creek Lake (Figure 4). As with much of the area within the PBPN Reservation,
the Atchison, Banner Creek and Centralia Lake watersheds all lie within the Western Corn Belt
ecoregion, meaning that they share similar climate, land cover (corn-soybean crop rotations; cool
and warm season pasture/grassland), soils (predominantly silt loams) and underlying geology.



Furthermore, the drainage areas of streams surveyed as part of the TWI study fall in a range (up
to 10 square miles) that coincides with the majority of stream reaches identified for riparian
corridor restoration and/or placement of in-stream structures to promote geomorphic stability
(Figure 5). Reaches along the mainstem of Soldier Creek are the exception to this generalization,
as drainage areas to those reaches are an order of magnitude larger. An additional similarity
across these riparian systems is that the majority of stream channels are relatively narrow and
deep with limited floodplain access.



Figure 4. Watersheds to which BANCS
model created by Sass and Keane (2012;
Figure 3) were applied by Emmert
(2013), including Centralia Lake
(brown), Atchison County Lake (green),
and Banner Creek Lake (yellow).
Geomorphic relationships between
drainage area and bankfull height as
surveyed and presented by Emmert
(2013) for these watersheds was used to
estimate bank heights used in estimates
of streambank sediment loads. The
PBPN reservation area lies just outside
of the Banner Creek Lake watershed as
indicated by light shaded region in the
map. Figure reproduced from Emmert
(2013).
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As seen in the BEHI-NBS bank erosion model developed by Sass and Keane (2012) and as
applied to stream reaches in the TWI study (Emmert, 2013), stream banks with “high” bank



erosion potential were predicted to experience lateral bank retreat rates of approximately 0.8 feet
per year. By comparison, lateral bank retreat rates predicted for banks with “moderate” erosion
potential were lower, ranging from 0.4 to 0.9 feet per year as dependent on relative magnitude of
applied shear stresses (i.e., NBS value).

Proper application of the BANCS bank erosion model developed by Sass and Keane to streams
in the PBPN Reservation area would require completing BEHI and NBS assessments on study
banks within stream reaches of interest (e.g., reaches identified for streambank restoration and
stabilization). This assessment is beyond the scope of this study; however, we can use results of
the prior SAI and bank stability assessment to approximate BEHI classification and, with this, a
range of potential lateral bank retreat rates. Correlations between these assessments were defined
as outlined in Table 1.
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Flgure 5 Proposed areas for riparian corridor restoratlon and/or streambank stablhzatlon measures. Figure
reproduced from AAC (2020).



Table 1. Assumed Bank Erosion Hazard Index (BEHI) rating and associated lateral bank erosion rate for reach
conditions classified for streams on PBPN Tribal lands in the Channel Stability Assessment (WRS, 2020) and
Stream Asset Inventory (AAC, 2020).

Channel Stability SAI (AAC, 2020) BEHI Estimated lateral bank
Assessment (WRS, 2020) erosion rate!

Poor Relatively low quality High 1.1 ft/yr

Fair Average quality Moderate 0.6 ft/yr

Good Relatively high quality Low 0.08 ft/yr

'from BANCS model developed by Sass and Keane (2012) and demonstrated for Atchison, Banner Creek and Cedar
Lake Watersheds by Emmert (2013). In all cases, a moderate NBS rating was assumed.

Sediment loads associated with lateral retreat rates were then estimated as [Eqn. 1]:

Sediment load (Ib/year) = lateral retreat rate (ft/year) x bank height (ft) x reach length (ft) *
sediment density (Ib/ft’)

This approximation has several limitations. These limitations are discussed in brief for each of
the variables used to estimate streambank sediment loads in Equation 1 in the following sections.

Lateral retreat rate. The value selected for the lateral retreat rate (last column of Table 1)
assumes a “moderate” near bank stress value to be representative of the reach. As indicated in
Figure 3, actual bank erosion rates are expected to increase as near bank stress increases.
Determining NBS for PBPN streams would require specific field measurements and was beyond
the scope of this study, so a moderate range (i.e., NBS value of 3 in Figure 3) was assumed to be
representative of the PBPN reaches. This assumption introduces additional uncertainty to that
inherent in the BANCS model.

Bank height. Without direct field measurements of bank height for streams, two methods were
considered to estimate. The first was to estimate bank height using available 1-m resolution
LiDAR elevation data (2018) by extracting elevations along stream cross-sections measured at
the top, middle, and end of each reach for which riparian restoration and/or in-stream structures
for stability were indicated by AAC (2020). One limitation of this method is that the LiDAR data
do not extend below the water surface of the stream; thus the actual height represented is the
distance between the top of the bank and the stream water surface on the day LiDAR data were
collected. Bank heights are also expected to vary along the reach, which may not be captured
accurately by the average of three measurements as used here. The other method considered was
to use geomorphic relationships between drainage area and bank height established by Emmert
(2013) for streams in the Atchison, Banner Creek, and Centralia Lake watersheds described
previously. While such bank geometry relationships are commonly applied to estimate bank
heights in unmeasured stream systems within similar ecoregions and hydrophysical controls,
there is a high degree of variability in the relationships that can be explained by watershed-
specific factors (e.g., as shown in data presented by Emmert, 2013). Given the limitations of
each, a combined approach was adopted. First, relationships between bank height and watershed
drainage area derived from data presented by Emmert et al. (2012) were used to calculate a bank
height for each of the PBPN stream reaches for which stream restoration and/or stabilization has
been considered. Watershed drainage areas for each reach were determined by linking PBPN
stream restoration/stabilization spatial data with reach characteristic data compiled as part of the
National Hydrography Dataset Plus, which includes total catchment drainage area (Moore,
2019). Calculated heights were then checked against cross-section elevations extracted manually
from LiDAR elevation data at selected points along the reach. Calculated bank heights were



generally within the range estimated from LiDAR elevations for banks with moderate to high
bank erosion potentials (i.e., “Fair” to “Poor” condition in the WRS, 2020 stream stability
assessment) but were high for stream segments with low bank erosion potential (i.e., “Good”
rating in the WRS assessment). In such cases, adjustments were made to bank height estimates
using best judgment. It was noted that the WRS (2020) stream stability assessment included bank
height as a criteria. If measured bank heights from this assessment are available, the uncertainty
in this variable could be reduced.

Reach length. Reach lengths were taken as is from the shapefile specifying candidate reaches for
stream restoration and/or stabilization within the PBPN reservation area. These reach lengths
also corresponded with stream segments delineated in the NHD-Plus dataset and the lengths
given therein. Because these values come from remotely-sensed NHD they may not reflect field
measurements for reach length. We note though that there is uncertainty even in field
measurements of reach length and that the NHD data are widely accepted for stream
assessments. We would also emphasize here that all stream variables described here are
extrapolated over the reach scale as defined by the reach length. In other words, the reach length
represents the spatial scale over which bank erosion calculations and associated input variables
are assessed.

Sediment density. Sediment density is intended to represent the bulk density of bank materials.
Here, we assume a bulk density of 90 Ib/ft® (1.45 g/cm?), which falls in the range expected for
silt loam materials. Likewise, soil texture and density is expected to vary with depth and along
the length of each reach while we assume a constant bulk density. Even with these
simplifications and limitations, the uncertainty associated with variation in streambank material
density is likely much less than that associated with reach bank height and annual retreat rates
described previously.

Streambank erosion rates and estimates of streambank-derived sediment load. A summary of
estimated bank erosion rates is presented in Table 2. The mean rate across all stream reaches
identified for restoration and/or stabilization was 0.27 tons/year/linear foot. As expected, rates
associated with banks in the “Poor” stability category (Table 2). These values fall in line with
rates observed in the Banner Creek and Centralia Watersheds by Emmert (2013).

Table 2. Estimated sediment eroded from streambanks as calculated from Equation 1.

Bank condition’ Estimated bank erosion ra.te (tons/yr/linear foot)
Mean Min Max
Good 2.6E-3 1.0E-3 5E-3
Fair 0.15 0.08 0.22
Poor 0.58 0.27 1.17

'Bank condition as characterized by WRS (2020). See Table 1 for corresponding lateral bank erosion rate estimates.

Sediment eroded from the bank does not all entrain and become part of the suspended sediment
load. A portion is likely to be deposited in point bars (or mid-channel bars in the case of non-
equilibrium) in meandering alluvial streams such as Soldier Creek and Little Soldier Creek.
There is great uncertainty in the portion of bank sediment losses that will ultimately become part
of the annual sediment load exported from the watershed. For the purposes here, we use stream
sediment budgets developed from a multi-year field monitoring project in the Cottonwood River,
an alluvial channel in Chase County Kansas in the Flint Hills Ecoregion (in which westernmost



areas of the Soldier Creek watershed also fall), along with modeling data from Emmert (2013) in
the Atchison, Banner Creek and Centralia watersheds described previously. In these studies, the
ratio of estimated bank erosion (tons bank erosion/yr) to suspended sediment yield (tons
sediment yield/yr) ranged from 5% to 65% of moderate bank erosion rates and 2% to 19% of
high bank erosion rates. Variation in this ratio was strongly correlated to drainage area, with
higher rates of apparent entrainment in smaller watersheds. Based on these previous studies and
conditions observed in Soldier Creek, conversion factors ranging from 5% for reaches along
the mainstem of Soldier Creek (with drainage areas exceeding 50 mi%) and 9% to 22% for
smaller tributaries with drainage areas of up to 25 mi>. In addition to reach drainage area, these
ratios reflect the relative distribution of banks with “moderate” versus “high” bank erosion rates
reported in the 2020 WRS study (25/75 in Soldier Creek and 50/50 in Little Soldier as
summarized in Section 2.0). These conversion factors are intended to provide an estimate of the
contribution of streambank erosion from reaches of interest to observed sediment yields from
Soldier Creek (at Delia) and Little Soldier Creek (at the southern PBPN reservation border),
respectively, and are summarized in Table 4.

4.0 Sediment load mitigation by streambank restoration and/or stabilization.

Sediment loads generated by streambank erosion as presented in Section 3.0 provide estimates
for current conditions. The potential to mitigate for streambank sediment contributions via
riparian restoration and/or in-stream structures to enhance channel stability was estimated by
applying a sediment load reduction efficiency factor as presented in [Eqn. 2]:

Sediment load reduction (tons/year/foot) = sediment load (tons/yvear/foot) x % sediment retention
effectiveness

For this calculation, the sediment load from Equation 1 was multiplied by the bank erosion-to-
load conversion factor to obtain a sediment load derived from streambanks. This load was then
multiplied by a factor representing the effectiveness of restoration/stabilization practices in
reducing reach-scale sediment loads. Literature values suggest a conservative value of 50% can
be adopted for this efficiency factor (Scheuler and Stack, 2014) but that values upwards of 75%
could actually be achieved (Thompson, et al., 2018). Resulting sediment loads and retention rates
for potential stream restoration and/or stabilization projects are summarized in Table 3 and
depicted in Figure 6 with the assumption of a 50% sediment reduction effectiveness factor.

In interpreting these values, we again raise some of the limitations of this method. The sediment
reduction factor does not take into consideration differences in different measures (e.g.,
stabilization alone compared to a more comprehensive channel and riparian system restoration)
and, rather, assigns a constant value of 50%. In addition, this approach does not account for
system-scale changes. For example, restoring floodplain vegetation and connection in lower
order streams may have positive downstream effects with respect to sediment load reductions
that are not reflected by this analysis. If an effect greater than 50% reduction on sediment load
delivery is expected, then the values in Table 3 can be adjusted accordingly. Streambank erosion
estimates and associated load reductions were aggregated on the reach basis (reaches were
assigned as illustrated in Figure 6) and area presented in Table 4. Total sediment losses from
selected streambanks were estimated at over 8,000 tons per year. Assuming restoration strategies



are 50% effective for reducing associated sediment loads, implementing the set of stream
projects could reduce watershed sediment loads by over 4,000 tons per year.

Table 3. Estimated sediment load reductions achieved by stream restoration and/or stabilization for stream reaches
identified in Figure 6. These values represent a 50% sediment load reduction efficiency of stream
restoration/stabilization systems.

Bank condition’ Estimated sediment load re@uction (tons/yr/linear foot)
Mean Min Max

Good 2.9E-04 1.1E-04 5.5E-04

Fair 6.8E-03 3.6E-03 9.9E-03

Poor 2.6E-02 1.3E-02 5.3E-02

'Bank condition as characterized by WRS (2020). See Table 1 for corresponding lateral bank erosion rate estimates.
Table 4. Estimated sediment loads associated with streambank erosion and load reduction through potential

streambank restoration and/or stabilization projects. Refer to Figure 6 for reach designations.

Est 700 Sediment load LSSIEE
Reach Se dim.en " Streambank | eroded attributed to reduction through
Stream length bank . restoration /
ID load . . bank erosion e e
(tons/yr) (miles) material (tons/yr) stabilization
exported (tons/yr)
Tributary to o
1 Soldier Creck 12,329 4.94 9% 1,110 555
2 g‘gﬁar}’ to Crow 1,220 2.54 9% 110 55
3 (T;g;‘lfary toCrow | 55 122 9% 50 25
4 (T;g;‘lfary o Crow 220 0.66 9% 20 10
5 | Crow Creek 640 0.69 9% 58 29
6 | Crow Creek 870 0.37 9% 78 39
7 (T;g;‘lfary to Crow 30 1.17 22% 7 3
8 | Crow Creek 2,650 0.62 9% 239 119
9 | coibutary to Crow 50 0.38 22% 1 6
10 | frbutary to Crow | 0,429 1.77 9% 938 469
11 | Crow Creek 12,660 2.44 9% 1,139 570
12 | Crow Creek 1,570 0.42 9% 141 71
South Branch o
13 Soldier Creek 114 1.34 22% 25 13
South Branch o
14 Soldier Creek 97 1.32 22% 21 11
South Branch o
15 Soldier Creek 3,600 3.52 9% 324 162
South Branch o
16 Soldier Creck 10,208 3.95 9% 919 459
17 | James Creek 4 0.15 22% 1 0
18 | James Creek 10,185 1.97 9% 917 458




Tributary to o
19 Soldier Creek 3,590 1.84 9% 323 162
20 | Soldier Creek 43,200 2.26 5% 2,160 1,080
Total 114,207 34 8,589 4,294

Estimated Sediment Load Reduction

ons/year/linear foot
0.001 - 0.005
0.006 - 0.069
0.070-0.135
0.136-0.248
— 0.249 - 0.583

Figure 6. Estimated sediment load reductions (in tons sediment per year per linear foot of streambank) for stream
reaches identified as potential stream restoration and/or channel stabilization projects (Figure 5).
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APPENDIX B - RIPARIAN BUFFER AND STREAM STABILIZATION MEASURES
Riparian Corridor Restoration Measures

Riparian corridor restoration concepts were developed and refined based upon
information provided through extensive riparian corridor habitat assessment and
modeling (PBPN, 2021). Several different riparian buffer configurations will be
implemented depending on site-specific conditions, as follows.

Wooded Buffer

In areas where little to no wooded riparian corridor vegetation exists and the adjoining
land use is crop fields, the recommended 150-foot buffer consists of native trees, shrubs,
and associated understory vegetation (Figure 1).

Trees, Shrubs, & Ground Cover Buffer

Trees, Shrubs, & Ground Cover Buffer

N
v

' &
~
I 150° I Varies I 150"

Figure 1. Typical Cross Section of Wooded Buffer.

Mixed Buffer

In areas where there wooded riparian corridor already exists and the adjoining land use
is livestock pasture or cool season hay meadow, the recommended 150-foot buffer
includes an inner zone of 100 feet of trees and shrubs adjacent to the stream and an outer
zone of 50 feet of native warm-season grasses or native prairie (Figure 2).

| Native Grasses & Tree, Shrub, & I Stream ' Tree, Shrub, & Native Grasses &l
Prairie Species Ground Cover Buffer Channel Ground Cover Buffer Prairie Species

| pa R4 AN V3 5L AN V2 \I
~ N e ] 7 N 7 N r 44
I 50" I 100’ I Varies I 100° I 50 I

Figure 2. Typical Cross Section of a Mixed Buffer of Woods with a Prairie Border.
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In areas where little to no wooded riparian corridor vegetation exists and where the
adjoining land use is native prairie pasture or prairie hay meadow, the recommended 150-
foot buffer includes an inner zone of 50 feet of trees and shrubs to protect bank stability,
and an outer zone of 100 feet of native warm-season grasses or native prairie (Figure 3).

Tree, Shrub, &
Ground Cover
Buffer

I Native Grasses &
Prairie Species

Se \'
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Stream

Ground Cover Channet
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| L
~

& 5
< 7

Tree, Shrub, & I

I Native Grasses &
Prairie Species

Figure 3. Typical Cross Section of Mixed Buffer of Narrow Woods with a Wide Prairie Border.

Channel Restoration Measures

Measures for stream restoration and in-stream habitat concepts were refined based upon
stream stability assessments, hydraulic modeling, and aquatic habitat assessment and
modeling (PBPN, 2021).

Grade Control

Grade controls are riprap structures used to stabilize the bed of a stream by reducing the
stream slope, thus reducing the flow velocities. The existing change in elevation along the
channel is made up by the grade controls. A typical grade control will have a one- to two-
foot drop in elevation along the grade control from the crest to the existing channel bed
elevation (Figure 4). This structure flattens the channel slope between grade controls, thus
reducing the flow velocities. Velocities are higher at the crest grade control, but riprap
placed below the crest is sized appropriately to resist erosive forces.

Varies varies
see | 66—l

Existing ?
G,ade\ profile
200

Notes:

1. Riprap shall be poorly sorted and well graded.

2. Fines shall be incorporated into the riprap to
fill the voids.

varies
see profile

profile

Figure 4. Typical Cross Section of a Rock Grade Control Structure.



Longitudinal Peaked Stone Toe Protection

Longitudinal peaked stone toe protection is riprap placed along the toe of a stream bank
on the outside of meanders to provide erosion protection. The height of the toe protection
is typically set at or near the depth of the stream forming flow or bankfull flow. The stream
forming flow is typically between the 1-year and 2-year storm events and coincides with
indicators, such as scour lines, lower limit of woody vegetation, and bar height (Figure 5).
Rock keys set into the bank perpendicular to the stone toe protection may be needed to
prevent flanking during larger storm events. The slope above the protection is regraded
and restored with native vegetation.

Channel
cL

Existing
Grade\\\
e * 3 |
. S
Restore with M2 |
native vegetation 3. 17 1.

Figure 5. Typical Cross Section of a LPSTP Structure and Flood Bench.
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Flood Bench

A flood bench is created by regrading overly steep stream banks of inside meander bends
to create a benched area that increases the flow area within the channel. The added flow
area will reduce velocities within the channel and reduce erosion. The height of the flood
bench is typically set at or near the depth of the stream forming flow or bankfull flow
(Figure 5). The stream forming flow is typically between the 1-year and 2-year storm
events and coincides with indicators such as scour lines, lower limit of woody vegetation,
and bar height. The flood bench can be planted with native vegetation, which increases
the roughness and further reduces velocities within the channel.

The areas designated for the toe protection and flood bench include streambank grading
to a 3:1 slope and revegetation with native trees, shrubs, and herbaceous plants.
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