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1 INTRODUCTION

Hayden Lake is 3,800 acres and has approximately 40 miles of shoreline, with a watershed
population of approximately 3,500 people. Of those, more than 400 hold permits for drawing
lake water for domestic use, including supplying drinking water to their homes. The North Arm
of Hayden Lake encompasses 600 acres with 8 miles of shoreline and approximately 400 lake
residents, 150 of which draw drinking water directly from the lake. Approximately half of the
North Arm was created when a dike was constructed at the south end of the lake 110 years ago.
There are two public access points, Honeysuckle on the south end of the lake and Sportsman
Park on the north end. Both have public boat launches, docks, and lake access points. Lake
monitoring activities conducted by Hayden Lake Watershed Improvement District (HLWID)
from 2018 and 2019 have identified an area of concern at the north end of the North Arm that is
not achieving its regulatory standards for water quality. A project vicinity map is provided in
Figure 1-1.

Hayden Lake is frequently impacted by public health advisories related to cyanobacteria and
risks for cyanotoxin exposure the past decade. Health advisories for the North Arm of Hayden
Lake were reported in 2014, 2015, 2016, 2021, 2024, and 2025 (HLWID 2025). Cyanobacteria
growth is fueled by sunlight, elevated temperatures, stagnant water, and high nutrients with many
species capable of nitrogen fixation to surpass nitrogen limitation. Cyanobacteria grow across the
aquatic environment, in the water column, attached to aquatic plant surfaces, and with active
growth or storage of resting stages (akinetes) in surficial sediments. Mitigation of cyanobacteria
and toxins in source waters is achieved by removing cyanobacteria and toxins, and in
comprehensive strategies managing precursors for harmful algal bloom (HAB) conditions.

1.1  Project Overview and Goals

SWCA Environmental Consultants (SWCA) and EutroPHIX were retained by HLWID to
develop conceptual restoration designs for lower Hayden Creek and the North Arm of Hayden
Lake to address HABs, and precursor nutrient inputs and environmental conditions that are
contributing to impaired water quality in Hayden Lake. Recent monitoring studies completed for
the project area indicate that phosphorus loading from Hayden Creek sediment is a significant
contributor of nutrients to the lake and phosphorus loading from sediment and macrophyte
recycling in the North Arm is another significant contributor of nutrients. The following project
goals have been identified:

* Reduce HAB precursors including phosphorus and sediment entering the system from
Hayden Creek;

* Reduce accumulated phosphorus in the lake from both sediments and aquatic plants; and

* Improve the circulation channels to reduce stagnant water and improve connectivity to
the main lake.
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Figure 1-1. Project area vicinity map.
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1.2 Highlighted Previous Studies
1.2.1 Hayden Lake Water Quality Monitoring Studies

Hayden Lake has had a long history of water quality data which has supported its lake
management of water quality over many decades. The earliest accessible water quality data is
from the Idaho Division of Environmental Quality (IDEQ) and Department of Health & Welfare
from 1972-1976 followed by the EPA natural eutrophication study in 1975. Additional water
quality data have been collected from the mid-1980’s to present and various additional studies
have occurred (HLWA, 2025). A full water quality characterization was originally performed by
Soltero et al., (1986). The Hayden Lake Watershed Management Plan shortly after set water
quality goals for Hayden Lake (PHD, 1994). The Hayden Lake Watershed Association Inc.
published an addendum to the Hayden Lake Watershed Management Plan in 2009 identifying
specific priority actions to take for tributary loading, stormwater, wastewater, and aquatic
vegetation (HLWA 2009). A more recent report with 2016-2019 water quality data pertaining to
the North Arm of Hayden Lake was evaluated by Harvey (2023) with the special emphasis on
this high plant growth and nutrient conditions.

1.2.2 TMDL

A TMDL for phosphorus was established by IDEQ for Hayden Lake in a sub-basin assessment
for the Rathdrum-Spokane Aquifer and watershed (IDEQ, 2000). Based on the Hayden Lake
Watershed Management Plan (PHD, 1994) at that time of the TMDL assessment, the ten-year
phosphorus average was 10.7% above management goals and reduction targets were set to meet
goals. The phosphorus inputs from Hayden Creek were estimated as 1,200 kg/year for this
document. We understand that currently the main portion of Hayden Lake is currently meeting
the goals established in the TMDL. IDEQ is in the process of analyzing recent data and updating
the TMDL as necessary.

1.2.3 University of Idaho

The University of Idaho has been an institutional parter to Hayden Lake Watershed Improvement
District and Professor Frank Wilhelm a committee member of the North Arm Investigative
Committee. University of Idaho has been tasked with a 2-year investigation (2025-2026) to
undertake sampling of macrophytes to 1) determine the seasonal phenology of aquatic plants; 2)
deploy data buoys for continuous water quality measurements at the surface and just above the
sediment at select sites throughout the North Arm of Hayden Lake; and 3) determine release
rates of phosphorus based on dissolved oxygen and pH regimes (Wilhelm, 2024).
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1.3 Scope of Work
For the preliminary design phase of the project, the scope of work includes engineering tasks to

develop conceptual design alternatives for the North Arm of Hayden Lake and the lower 2.2
miles of Hayden Creek. Preliminary design project tasks included:

* Task 1 — Project Management and Meetings;

* Task 2 — Hayden Creek Data Collection;

* Task 3 — Hayden Lake Data Collection; and

* Task 4 — Conceptual Design Alternatives and Cost Estimates.

A more detailed description of the data collection activities is provided in Section 2 — Site
Assessment. The development of conceptual design alternatives is described in Section 3. A cost
estimate and project schedule are provided in Sections 4 and 5, respectively. The work is to be
performed in accordance with IDAPA 58.01.02, 58.01.08, 58.01.12 and State of Idaho
Department of Environmental Quality Customer Handbook Grants and Loans Program.

1.4 Document Organization

This document is organized into the following sections and appendices:

* Section 1 Introduction describes the project context, goals, and scope of work;

* Section 2 Site Assessment provides project methodology and results of the desktop
exercise and field assessment;

* Section 3 Restoration Concepts describes conceptual restoration treatments to achieve
project objectives and includes an initial discussion of design feasibility;

* Section 4 Cost Estimates provides cost estimates for final design, permitting and
construction; and

* Section 5 Project Schedule outlines the milestones for final design, permitting and
implementation.
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2 SITE ASSESSMENT

21 Hayden Creek Assessment

2.1.1 Desktop Exercise Methods

A detailed desktop assessment was completed by SWCA to characterize geomorphic conditions
in the project area and the broader Hayden Creek watershed and to identify potential nutrient and
sediment sources. The desktop assessment included a remote sensing assessment completed in
ArcGIS Pro using aerial imagery, Light Detection and Ranging (LiDAR) data, and
biophysiographic spatial datasets. Remote sensing tasks included a comparison of aerial imagery
from 1998 to 2025 to assess changes in channel morphology. To characterize potential sediment
and nutrient sources to Hayden Creek, watershed history was assessed, including wildfire and
timber harvest history. Aerial imagery was also examined for evidence of mass wasting events
that may serve as sediment sources.

A bare earth digital elevation model (DEM) of the project area derived from 2019 LiDAR data
was used to develop two relative elevation models (REMs). Relative elevation modeling
involved “detrending” the valley slope of the project area to create a normalized horizontal plane
of measurement. Ground elevations were then mapped relative to the surveyed channel water
surface elevation and the geomorphic grade line. The water surface REM is useful in
characterizing existing floodplain connectivity. The geomorphic grade line is derived by fitting a
best-fit line to the valley longitudinal profile, and the resulting geomorphic grade line REM is
useful in exposing the relic pre-disturbance valley surface (Powers et al. 2018).

2.1.2 Field Assessment Methods

A field work plan was developed based on results of the existing data review and desktop
assessment and feedback from the project team. Field work was completed by two SWCA
geomorphologists on October 22 and 23, 2025. The project reach of Hayden Creek extends 2.9
miles from the U.S. Forest Service Road 437 bridge downstream to the Hayden Lake inlet. The
field survey involved a broad characterization of existing stream and floodplain conditions,
including channel morphology, substrate, bank composition and erosion conditions, vegetation,
large wood, and sediment and nutrient sources and supply. Topographic and bathymetric survey
data were collected for the lower one mile of the project reach using a Trimble R10 Model 2
GNSS System to characterize valley cross-section geometry, longitudinal bed morphology, and
infrastructure on and adjacent to the channel. The high-water mark in the Hayden Lake Road
culvert was surveyed to enable mapping of the approximate extent of the Hayden Lake
backwater. Survey data were processed by an Idaho Professional Land Surveyor and analyzed in
Python and AutoCAD.

A DIJI Mavic 2 Air Uncrewed Aerial System (UAS) was used to capture oblique and orthogonal
aerial imagery of the lower one mile of the project area encompassing the meadow. Orthogonal
images were processed using structure-from-motion photogrammetry in Agisoft Metashape
Professional to produce a high-resolution (~3 cm) orthomosaic. Extensive ground-level
photography was also used to document geomorphic conditions. Photographs were also acquired
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by project partners during the December 11, 2025, rain-on-snow event. Finally, a vehicle-based
reconnaissance of the Hayden Creek watershed was completed to identify potential sediment
sources to Hayden Creek.

2.1.3 Results

Existing Conditions

Hayden Creek flows approximately 9 miles in a south-westerly direction from its headwaters to
the inlet of Hayden Lake. The drainage area is approximately 28 square miles, 96% of which is
forested. Watershed elevations range from 2,240 feet at the Hayden Lake inlet to 5,620 feet at
the headwaters, with an average basin elevation of 3,410 feet. The mean basin slope is 42%.
Hayden Creek hydrology is driven by rainfall and snowmelt, and basin average annual
precipitation is approximately 43 inches. Peak flows typically occur in April (USGS 2025).

Numerous roads have been developed in the Hayden Creek watershed to support timber harvest
and historic ore mining. Between 1945 and 2014, approximately 46% (12.8 square miles) of the
basin was subject to timber harvest activities. In 2023, the Ridge Creek Fire burned 21% (5.9
square miles) of the Hayden Creek drainage area in the headwaters. Approximately 44% of the
area burned at moderate to high soil burn severity, characterized by the near-complete
consumption of organic ground cover during the fire (USDA Forest Service 2023).

Aerial imagery and existing conditions in the Hayden Creek project reach are shown in

Figure 2-1 and Figure 2-2. Stationing referenced throughout this section is relative to the project
reach as shown in Figure 2-1. The project reach is set within a 2.4-mile-long, convex, semi-
confined alluvial valley ranging in width from 80 to 1,300 feet. The valley slope ranges from
0.01% to 1.6% with an average gradient of 1.0% (Figure 2-3).

The upper 1.7 miles of the valley bottom above station 110+00 is forested, and the Hayden Creek
channel is frequently multithread, sinuous, and exhibits high floodplain connectivity. The
channel has a riffle-pool and step-pool morphology, and substrate is cobble-boulder. Abundant
instream large woody debris and numerous beaver dams add hydraulic and geomorphic
complexity and increase sediment storage capacity. Overall, channel banks are heavily vegetated
and stable. Localized bank erosion was observed where the channel abuts the valley wall and
relic alluvial or debris flow fans below tributary channels (Figure 2.4). Bank exposures reveal a
composition of mostly poorly and moderately consolidated gravel and finer clasts. Figure 2-5
shows typical channel conditions in the upper forested section of the project reach. Locally
straight and hydraulically simple sections of the channel were observed, which may reflect areas
of historic channelization (Figure 2-6).
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Figure 2-1. Aerial imagery of the Hayden Creek project reach.
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Figure 2-2. Hayden Creek existing conditions in the lower one mile of the project reach, including longitudinal profile survey and avulsion location.
Note that stationing is relative to the surveyed longitudinal profile rather than the project reach.

11
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Figure 2-3. Valley profile of the Hayden Creek project area. The geomorphic grade line represents a
best-fit line through extracted LiDAR elevations.

Figure 2-4. Erosion into a relic fan below a tributary channel at station 66+00.

Figure 2-5. Typical channel conditions in the upper forested section of the project reach.

12
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Figure 2-6. Straight and hydraulically simple channel at stations 58+00 (left) and 93+00 (right), that may
be evidence of historic channelization.

Below station 110+00, the valley bottom has largely been cleared for pastureland, and Hayden
Creek was historically realigned, channelized, and leveed against the river-left valley wall, which
remains well vegetated. Despite artificial straightening, the channel from station 112+00 to
123400 is strongly influenced by large woody debris, which enhances hydraulic complexity and
drives deposition of gravel- and cobble-sized sediment (Figure 2-7). Floodplain inundation
adjacent to Hayden Creek near station 115+00 was observed during the field survey and was
presumed to be driven by seepage emerging from subsurface flow from Lancaster Creek. No
defined Lancaster Creek channel was identified.

Aerial imagery analysis indicated that between 2006 and 2009, a network of side channels
developed in the floodplain following a breach of the levee at approximately stations 120+00 and
124+00. In 2012, the channel avulsed into the side channel at station 124+00, resulting in
channel realignment and the formation of a splay where fine sediment suspended in the flow was
deposited across the floodplain. The sediment splay has subsequently been colonized by woody
riparian vegetation. Results of the aerial imagery analysis are shown in Figure 2-8.

Following the channel avulsion, the private landowner constructed a crossing at station 125+00.
Runoff events have consistently caused failure of the crossing, including most recently in 2025.
During the field survey, the site consisted of three culverts and remnant boulders and concrete
debris. Upstream of the former crossing, the channel is wide and bounded by gravel levees, with
large gravel bars present within the active channel (Figure 2-9).

Figure 2-7. Large woody debris and associated bar formation at stations 119+00 (left) and 123+00 (right).

13
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Figure 2-8. Aerial images from 1998 to 2025 showing the 2012 channel avulsion and sediment splay and subsequent riparian vegetation
colonization

14
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Figure 2-9. Ground (left) and aerial (right) photographs of the former crossing at station 125+00, just
downstream of the avulsion site.

From the former crossing downstream to approximately station 139+00, the channel is
unconfined and multithreaded where it flows through the meadow. The channel exhibits a riffle-
pool morphology, and substrate is composed primarily of gravel and small cobbles. Floodplain
vegetation is dominated by reed canarygrass (Phalaris arundinacea), a naturalized invasive grass
species. Dense root systems and a floodplain composition of well-consolidated silt and clay
provide resistance to bank erosion. Localized channel widening is evident and is attributed to
livestock trampling. Hayden Creek through the meadow is devoid of large woody debris and
associated sediment storage benefits. Ground and aerial photographs of conditions in this reach
are shown in Figure 2-10 and Figure 2-11, respectively.

Multiple headcuts were mapped in the meadow, including a 4.6-foot headcut at station 135+00.
Upstream of the headcut, floodplain connectivity is high, and floodplain inundation was
observed during the field survey. Downstream of the headcut, the channel becomes entrenched
with low floodplain connectivity. A comparison of the 2025 surveyed headcut location with the
2019 LiDAR-derived location suggests that the headcut has migrated approximately 100 feet
upstream since 2019, or 17 feet/year on average. It is presumed that the headcut formed
following the 2012 channel avulsion as a result of a local increase in channel gradient.

Figure 2-10. Typical channel conditions in the meadow.

15
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Figure 2-11. Aerial photograph of Hayden Creek through the meadow.

By approximately station 139+00, flow reconverges into a single channel, and shortly thereafter
the channel enters a forested area upstream of the Hayden Lake inlet. Banks are mostly well
vegetated with woody riparian species and bank erosion rates are low. There is a greater
influence of instream large woody debris in this reach. Silt is more prevalent in the substrate,
reflecting the lower channel gradient and the influence of Hayden Lake backwater conditions.
Typical channel conditions in this reach are shown in Figure 2-12.

The former channel converges with the current channel just upstream of the Hayden Lake Road
crossing at approximately station 145+00 (Figure 2-2). Approximately 50 feet upstream along
the former channel, there is a 3.6-foot headcut that shows signs of recent upstream migration
(Figure 2-13), suggesting that the former channel continues to convey flow during runoff events.
A large concrete slab and boulders appear to have been placed in a failed attempt to arrest
upstream migration.

Below Hayden Lake Road, the channel passes through a large arch culvert. Banks adjacent to the
culvert are stabilized with riprap (Figure 2-14). Figure 2-15 shows conditions in the Hayden
Creek delta. The exposed lakebed surface is composed primarily of fine sediments, with
localized areas of gravel deposition. The channel through the delta is composed of similar
materials, with additional exposures of well-consolidated lacustrine clays.

Figure 2-12. Typical channel conditions from station 140+00 downstream to the Hayden Lake inlet.
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Figure 2-13. 3.6-foot headcut in the former channel.

Figure 2-14. Ground (left) and aerial (right) photographs of the arch culvert below Hayden Lake Road.

Figure 2-15. Ground (left) and aerial (right) photographs of the Hayden Creek delta.
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Relative Elevation Modeling

Relative elevation modeling (REM) results are shown in Figure 2-16 and Figure 2-17. The water
surface REM (Figure 2-16) highlights channel entrenchment and relatively poor floodplain
connectivity upstream of station 124+00. Downstream of station 124+00, where the 2012
avulsion occurred, floodplain connectivity increases markedly. At approximately station 135+00,
a pronounced discontinuity in floodplain connectivity is evident upstream and downstream of a
4.6-foot headcut.

The geomorphic grade line REM (Figure 2-17) highlights a prominent cross-valley elevation
gradient through the pasture, with ground elevations along the western valley wall approximately
six feet lower than those along the eastern valley wall. The lower elevations on the western side
of the meadow likely encompass the historic footprint of the Hayden Creek channel(s) and
floodplain prior to realignment along the eastern valley wall.
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Figure 2-16. Relative elevation map of the lower one mile of the project reach, illustrating ground
elevations relative to the surveyed Hayden Creek water surface elevation.
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Figure 2-17. Relative elevation map of the lower one mile of the project reach, illustrating ground elevations relative to the geomorphic grade line,
the best-fit line through the valley longitudinal profile. Note that stationing is relative to the surveyed longitudinal profile rather than the project
reach.
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2.1.4 Summary of Nutrient and Sediment Sources to Hayden Creek

Phosphorus bound to fine sediment from Hayden Creek is a significant contributor to phosphorus
loading in Hayden Lake and the resulting harmful algal blooms (HABs). The Hayden Creek
assessment indicates that, within the project reach, the 4.6-foot headcut is likely a substantial
source of fine sediment, owing to its height and rapid upstream migration. Bank erosion in the
project reach is localized and within the expected range for Hayden Creek, suggesting that it
does not contribute significantly to elevated fine sediment in the creek.

Photographs from the December 11, 2025, rain-on-snow event show highly turbid water (Figure
2-18 and Figure 2-19), indicating substantial fine sediment contributions from the broader
watershed during runoff events. It is presumed that the greatest source of fine sediment to
Hayden Creek is runoff and erosion within the 2023 Ridge Creek Fire area. Wildfire increases
hillslope runoff and erosion by removing organic material that provides surface storage capacity
for rain and protects soils from raindrop impact and erosive overland flow. Post-fire runoff and
erosion can increase sediment yield by up to four orders of magnitude (Moody and Martin 2009).
Remote sensing and field reconnaissance did not reveal evidence of large mass wasting events,
suggesting that erosive overland flow is occurring primarily as sheetwash or through rills and
gullies. In addition to wildfire impacts, road and culvert development, timber harvest, historic
mining, and small agricultural operations in the watershed contribute to elevated fine sediment in
Hayden Creek.

Figure 2-18. Photographs of Hayden Creek (left) and Hayden Lake (right) during the December 11, 2025,
rain-on-snow event, showing high turbidity.
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Figure 2-19. Satellite image of Hayden Lake during the December 11, 2025, rain-on-snow event.
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2.2 Hayden Lake North Arm Assessment
2.2.1 Desktop Exercise Methods

A review of existing monitoring data, studies, and reports was completed to understand the
processes and mechanisms by which environmental conditions and nutrient sources are
contributing to HABs in Hayden Lake. The existing data review was complemented by desktop
assessments of satellite imagery to better understand temporal changes in lake productivity and
algae bloom dynamics. Publicly available bathymetry data was interpreted to estimate water
depths compared to Hayden Lake water levels reported by USGS. Brief estimates of flushing
rates were calculated for various lake levels for the upper section of the North Arm.

Copernicus Sentinel-2 satellite data was utilized to visually inspect HAB extent in the north bay
of Hayden Lake with approximately 10m pixels resolution. Additional data processing with
chlorophyll-a algorithms based on US Lakes by Salls et al. (2024) was performed for data
analyses. The average chlorophyll values for the area of interest were evaluated for the growing
season (May — October) for available imagery of 2017-2025.

2.2.2 Field Assessment Methods

Based on the historical information available, one key data gap was the quantification of
sediment characteristics and phosphorus content, which is important for understanding the mass
of P stored and how releasable for nutrient dynamics in the lake. Additional understanding of
sediment properties was needed to estimate the difficulty of possible dredging methods. On
October 7, 2025, a sediment survey and sampling were conducted. In the shallow waters,
sediment probing was conducted to understand how consolidated the sediments were following
protocols of Sando and Crates (1994). Two 40cm sediment cores were collected to assess
vertical changes in % solids, bulk density, and total phosphorus content. 8 surficial sediment
samples (top 10cm) were collected across a depth gradient from the shallow north bay,
southward to the main lake with 80ft of water depth. Surficial sediment samples were sent to
SePRO SRTC lab for Level 3 Comprehensive P Fractionation which includes sequential
phosphorus extraction, physical characteristics, and P binding cations, and other parameters
related to phosphorus release and burial dynamics.

2.2.3 Results

The hydrology of the north bay of Hayden Lake is well connected to the seasonal hydrology of
Hayden Creek. Monthly average discharge is highest in the spring (30-105 CFS) delivering
nutrients at low water temperatures, and flow quickly decreases to baseflow conditions June —
November (5-20 CFS) with relatively low nutrient delivery (TP<20 ug/L) (Yount, 2023;
HLWID, 2025). The seasonal hydrology of Hayden Creek drastically alters the inflow turnover
rate for the northmost 150 acres of the North Arm to less than 1/month during the summer (Table
2-1). Periods with low turnover lead to more stagnant conditions that allow for greater nutrient
concentration accumulation from in-lake processes and would rely more strongly on wind
circulation for dilution.
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Table 2-1. Estimated monthly inflow turnover rate for the northernmost 150-acre area of the North Arm of
Hayden Lake. Periods less than 1 turnover a month are shaded in grey.

. . Lake Lake Lake Lake Lake
Median Median I R I R I X I . I \
Inflow Inflow elevation- elevation- elevation- elevation- elevation-
Month 32 ft 34 ft 36 ft 38 ft 40 ft

(CFS) (ac-ft/ month) (month’)  (month”')  (month-')  (month')  (month)

Jan 35 2,082 13.9 56 35 2.3 1.7
Feb 40 2,380 15.9 6.3 4.0 2.6 2.0
Mar 45 2,677 17.8 7.1 45 3.0 2.2
Apr 55 3,272 21.8 8.7 55 36 2.7
May 30 1,785 11.9 4.8 3.0 2.0 15
Jun 17 1,011 6.7 2.7 1.7 1.1 0.8
Jul 10 595 4.0 16 1.0 0.7 05
Aug 7 416 2.8 1.1 0.7 0.5 03
Sep 5 297 2.0 0.8 0.5 0.3 0.2
Oct 5 297 2.0 0.8 0.5 0.3 0.2
Nov 10 595 4.0 1.6 1.0 0.7 05
Dec 25 1,487 9.9 4.0 25 1.7 1.2

Monitoring data for algae community and nutrients were collected 2016-2019 in the North Arm
of Hayden Lake at 3 monitoring stations, with 1 station near the north bay called “Bob’s Bay”.
Yount (2023) reorganized these data for the Bob’s Bay monitoring station to better describe the
seasonality of nutrient concentration of total phosphorus (TP) relative to water temperature. This
figure was adapted to highlight different hydrologic and nutrient periods (Figure 2-20). These
data suggest that during the high temperature periods when turnover greatly decreases, internal
nutrient processes cause net internal loading of phosphorus. Monitoring data from University of
Idaho shows oxygen conditions frequently deteriorate in the north bay, with daily anoxic
conditions at the sediment surface for many months each year. This can be a major driver of
phosphorus flux in the water column. The pH of the overlying water column can vary from 7.5-
10 (Harvey, 2023) which also increases P release in high pH conditions. High nutrient conditions
increase the biomass of algae and cyanobacteria, the latter of which can dominate the algae
community and produce harmful toxins which impair use for drinking water. Phytoplankton
community data from 2016-2019 had peak counts July — September, with cyanobacteria
dominant in the algae community with cell counts 20,000-60,000 cells/ml for all 4 years at Bob’s
Bay monitoring site (Harvey, 2023).
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Figure 2-20. Monitoring data from North Arm of Hayden Lake (Bob’s Bay) in 2018-2019 for water
temperature (red dot-line) and total phosphorus (blue dot-line). Seasonal periods are depicted with
background color in the plot for winter/spring (blue), summer (red) and fall (yellow). The general increase
of total phosphorus among water samples during the summer season is indicative of in-lake processes
resulting in net internal loading. Figure adapted from Yount (2023).

Cyanobacteria growth is fueled by sunlight, elevated temperatures, stagnant water, and high
nutrients with many species capable of nitrogen fixation to surpass nitrogen limitation.
Cyanobacteria grow across the aquatic environment, in the water column, attached to aquatic
plant surfaces, and with active growth or storage of resting stages (akinetes) in surficial
sediments. Many cyanobacteria, under the right conditions, produce diverse sets of toxins that
are hepatotoxins, neurotoxins, cytotoxins, and dermatoxins which present significant health risks
to humans and the environment (EPA, 2025). The Centers for Disease Control and Prevention
track reports of animal and human illnesses related to blooms with hundreds reported since 2016.
Routes of exposure for human illness are usually ingestion and dermal exposure, but additional
studies on inhalation exposure are gaining a better understanding of long-range exposure of
cyanotoxins miles away from waterbodies from wind dispersion (Schaefer et al., 2020).
Cyanotoxins have negative and lethal effects on aquatic organisms and invertebrates, and even
bioaccumulation within organisms (ITRC, 2025). In one example cases of vascular myelopathy
are found to be caused by toxins generated by epiphytic cyanobacteria transferred through the
food chain to eventually kill bald eagles in the southern United States (Breinlinger et al., 2021).

A multi-year analysis of satellite imagery indicates that the blooms start in Hayden Creek bay
(~50 acres) or develop in the northernmost areas (150-300 acres) of the North Arm. Satellite
chlorophyll readings are highest July through September and show particular dates with extreme
values (Figure 2-21). This echoes the trends shown in water temperature and phosphorus shown
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in Figure 2-20. Although not all high measurements of chlorophyll are indicative of
cyanobacteria blooms, the 2016 to 2019 phytoplankton data indicate that it is likely that potential
toxin-producing cyanobacteria are present most of the time and take advantage of conditions in
the North Arm to bloom. Health advisories for the North Arm of Hayden Lake were reported in
2014, 2015, 2016, 2021, 2024, and 2025 (HLWID 2025). Health advisories often are triggered
when severe conditions appear, so the full extent of cyanobacteria and toxin impacts in the lake
are likely not fully captured.

Figure 2-21. Satellite estimated chlorophyll-a of the North Arm of Hayden Lake across 2017-2025
summarized by month. The spatial zone of analysis is indicated by the light blue box of the satellite image
(right). Image contains modified Copernicus Sentinel-2 imagery 2017-2025.

A key finding from the lake sediments was determining how P was bound within the sediment
with P fractionation. Loosely bound, Iron, and Organic P fractions are forms of P that are
releasable and bioavailable. Additional insights were made by the organic matter content, pH,
and binding ratio of iron (Fe), aluminum (Al), and calcium (Ca) in these sediments. Sediments
are influenced by the growth of aquatic plants and algae, which generate bioavailable organic
matter which help maintain higher concentrations of mobile P forms. Biological processes
associated with organic matter decomposition depress sediment pH 5.5-6.3 which can lower the
formation of Al and Ca bound P which are generally tightly bound. In their absence, Fe bound P
occurs more readily which is highly releasable with loss in oxygen in the sediments. The shallow
sediment of the North Arm maintains high mobile P concentrations, but as water depth increases
past 15ft and drops off to 70ft+, lake sediments become much better at accumulating and storing
P with Al and Ca (Figure 2-22).
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Figure 2-22. Phosphorus fractionation of Hayden Lake sediments (left) for gradient of sample sites in the
North Arm (right). P fractions listed in order of decreasing releasability from left to right with Residual
phosphorus as un-releasable.

From these data calculations of the mass of mobile forms of phosphorus of the upper 10cm of
sediment (considers differences in bulk density and solids) were performed for the shallow
sediments of the North Arm of Hayden Lake (Table 2-2). Mobile P forms are representative of
phosphorus not tightly bound chemically in the sediments and can be released by sediment
disturbances, loss of oxygen, and degradation of organic material but may be underestimated if
pH of the sediment becomes < 5.5 where additional Al and Ca bound P may be released.

Table 2-2. Mobile P pool of surficial sediments in North Arm of Hayden Lake.

Representative

Representative Area Mobile P Mobile P Pool
sites
(ac) (Ibs.P/ac) (Ibs.P)
HL-1, HL-2, HL-3 52.6 54.3 2,856
HL-4 97.4 44 4,286
HL-5
157 30.9 4,851
*top 20cm

Standing crops of aquatic plants were quantified to better understand the scale of biomass and
nutrient content for aquatic plant harvesting. HWLID summarized aquatic plant survey data from
Idaho State Department of Agriculture (ISDA, 2025) for the September 2024 survey. Areal
averages of macrophytes species were used to calculate an average macrophyte community dry
biomass (Table 2-3). University of Idaho research (Wilhelm, 2026) found a similar September
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peak biomass of ~ 600 and 800 g/m?. These data suggest that 2-4x the mobile P of the surficial
sediments may be stored within aquatic plant biomass.

Table 2-3. September 2024 areal averages of standing crop.

Metric Se.pt. Peak 59% peak
biomass biomass
Average dry biomass (g/m?) 556 278
Average dry biomass (Ibs./ac) 4960 2,480
Average P biomass (Ibs-P/ac) 149 74

*assume 3% P content

2.3 Hydrologic Assessment

2.3.1 Hayden Creek Hydrology
Methods

There are two USGS gage stations located on Hayden Creek near the project area that are no
longer in operation. USGS #12416500 Hayden Creek near Hayden Lake ID is located mid-way
through the project reach at approximately station 115+00. This stream gage operated from
04/01/1946 to 06/02/1948. Due to the lack of available data, this gaging station was not used for
the hydrologic assessment. USGS #12416000 Hayden Creek below North Fork near Hayden
Lake ID is located at the upstream end the project reach. This gaging station operated from
04/01/1948 to 05/14/1997. This gage was selected for the hydrologic assessment using the
available peak and daily flow statistics throughout its operating period.

Peak flow statistics were calculated by SWCA using a bulletin 17c¢ analysis, and low flow
statistics were calculated using a flow duration analysis using the available gage data from USGS
#1241600 Hayden Creek below North Fork near Hayden Lake ID. The calculations were
conducted using the US Army Corps of Engineers” HEC-SSP Version 2.3 (USACE, 2024).
Because the gage is located upstream of the proposed restoration extent, results from the bulletin
17¢ and flow duration analysis were scaled using a drainage area ratio adjustment to account for
the larger drainage area at the restoration site. The methods for the drainage area ratio
adjustments were performed following the recommendations provided in USGS Scientific
Investigations Report 2016-5083 Version 1.1 (Molly et al., 2017).
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Bulletin 17c Results

A summary of the bulletin 17c results to calculate peak flow statistics is included in Table 2-4.
The table shows the adjusted flow values to account for the larger drainage area at the restoration
project site.

Table 2-4. Bulletin 17c results for USGS #1241600 scaled to restoration project area using
the drainage area ratio adjustment.

Chance iorl | Curvelow 5o Senfidence  99% Confiderce
Exceedance (Years) (cfs)

0.2 500 3,136 14841 1880
0.5 200 2,493 8730 1613
1.0 100 2,065 5594 1411
2.0 50 1,683 3608 1207
4.0 25 1,342 2344 1003
10.0 10 948 1355 739
20.0 5 686 900 546
43.3 23 423 531 341
50 2 373 466 300
66.6 1.5 272 338 214

Flow Duration Results

A summary of the flow duration results to estimate low flow statistics is included in Table 2-5.
The table shows the adjusted flow values to account for the increased drainage area at the
restoration project site.

Table 2-5. Flow duration results for USGS #1241600 scaled to
restoration project area using the drainage area ratio adjustment.

Percent of Time Exceeded Flow (cfs)
99 3.57
95 4.46
90 5.10
80 6.25
50 12.75
25 40.81
15 63.77
10 85.46
5 130.10
2 196.42

1 254.45
0.1 595.51
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2.3.2 Hayden Lake Hydrology
Methods

Backwater elevations for Hayden Lake were evaluated due to their influences on the lower reach
of Hayden Creek. USGS #12417000 Hayden Lake at Hayden Lake ID is located on Hayden
Lake and records water surface elevations referenced to an arbitrary elevation datum. The gage
has been in operation since 1920 and is currently still in use. Gage height data from 1999 to 2025
were used to create a cyclic yearlong hydrograph of lake water surface elevations.

Because the gage height at this monitoring location is not referenced to a datum, elevations are
arbitrary. This is a data gap that can be fixed with additional surveys and engineering to calibrate
the USGS gage station to a datum.

Results
A summary of gage height results is included in Table 2-6. Gage heights are referenced to an

arbitrary datum. Figure 2-23 shows a plot of the cyclic hydrograph results.

Table 2-6. Monthly Gage height statistics for USGS #12417000.

Month Ma_ximum Mipimum Average Height  Median Height
Height (ft) Height (ft) (ft) (ft)
January 39.7 329 35.7 35.7
February 39.3 33.4 36.4 36.1
March 40.8 343 374 371
April 40.6 34.8 38.6 39.1
May 40.2 35.8 38.7 39.0
June 39.7 35.5 38.4 38.5
July 39.7 34.8 37.8 37.9
August 38.1 34.0 36.5 36.8
September 37.3 344 35.8 35.9
October 36.4 323 34.9 35.3
November 36.3 32.4 34.8 34.9
December 36.7 32.6 34.9 35.2
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Figure 2-23. Cyclic Hydrograph for USGS #12417000 using gage height data from 1999 to 2025.
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3 RESTORATION CONCEPTS

This section describes proposed restoration concepts for Hayden Creek and Hayden Lake to
achieve project goals, including reducing nutrient and sediment loading from Hayden Creek,
reducing accumulated phosphorus in Hayden Lake, and improving the circulation channels.
Restoration techniques were developed based on results of the Site Assessment described in
Section 2.

3.1 Hayden Creek Restoration Concept

Two alternatives were developed for Hayden Creek (Figure 3-1 and Figure 3-2). The preferred
Hayden Creek restoration concept is provided in Figure 3-2. In general, Alternative 2 was
selected due to a higher benefit for the cost. The Hayden Creek restoration concept is intended to
reduce nutrient and sediment loading to Hayden Lake. Various techniques are proposed to reduce
flow energy and enable suspended fine sediment and nutrients to settle out prior to discharge into
Hayden Lake. The concept involves moving the Hayden Creek stream channel to the low area on
the western side of the meadow. A 1,000-foot segment of new channel will be constructed to
realign the stream channel from its current location to the new location. After crossing the
meadow, the new channel will bifurcate into several smaller micro channels that will allow
Hayden Creek flow to spread across the floodplain before entering the lake. The micro channels
will be sized to convey Hayden Creek baseflow, thus maximizing the interaction between
sediment-laden flood flows and the floodplain during runoff events.

The constructed Hayden Creek channel will be stabilized using Natural Channel Design
techniques that utilize wood, gravel, vegetation, and other natural materials to provide stability,
habitat, and sediment storage benefits. The Hayden Creek floodplain will be scarified to remove
existing invasive plants (e.g., reed canarygrass), exposing native seed banks and allowing for
establishment of native riparian vegetation. The Hayden Creek floodplain will be enhanced with
roughness treatments to reduce flow velocities, limit surface erosion, and encourage fine
sediment suspended in the flow to deposit on the floodplain. In addition, areas adjacent to the
Hayden Lake backwater extent will be excavated to provide additional sediment storage
capacity. The restoration concept includes the addition of large wood structures to the existing
Hayden Creek channel upstream of the realignment location to enhance channel roughness,
reduce flow energy, and encourage sediment deposition. Restoration techniques are described in
detail in the following sections.

Material excavated from the new Hayden Creek channel will be used to fill the existing channels,
thus eliminating the need to export excess fill material. Wood, gravel, and plants will be
imported for construction materials. A new bridge will be constructed on Hayden Creek to
facilitate access to the meadow by the landowner. Fencing will be installed around the
restoration project area to protect the site from grazing impacts. The proposed Hayden Creek
restoration concept will provide approximately 16 acres of connected floodplain for sediment
storage. Moreover, sediment sources at multiple headcuts in the existing stream channel will be
eliminated by moving the stream channel. The increased length and sinuosity of the new stream
channel will reduce flow velocity during higher flow events and provide enhanced sediment
storage capacity. Lastly, vegetation and habitat conditions will be improved by establishing
native riparian vegetation.

32



Preliminary Design Report — Hayden Lake and Hayden Creek Restoration

Figure 3-1. Alternative 1 restoration concept for Hayden Creek.
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Figure 3-2. Alternative 2 (preferred) restoration concept for Hayden Creek.
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3.1.1 Hayden Creek Restoration Techniques
Stream Channel Reconstruction

The constructed channel will incorporate planform variability and morphologic complexity in the
form of riffle, run, pool, and glide features that provide diverse habitat, promote hyporheic
exchange, and encourage sediment deposition on point bars and on the floodplain. An example
photograph and channel reconstruction detail are provided in Figure 3-3 and Figure 3-4,
respectively. Vegetated wood matrix (VWM) structures will be incorporated on newly
constructed channel margins to provide stability and support establishment of native riparian
vegetation. VWM structures are composed of intermeshed layers of small logs and brush built on
a rock foundation. Willow cuttings are placed within the brush layers at elevations that are in
contact with the water table during the growing season. The structure is backfilled with gravel
and soil to fill the voids and provide growth media for the cuttings. By projecting slightly from
the edge of the bank, the brush offers cover for aquatic habitat and roughness for dissipating
stream energy. Over decades, the brush will decompose and woody vegetation will become
established along the streambank, providing stability, shade, and a source of instream wood.
Example photographs and VWM treatment details are provided in Figure 3-5 and Figure 3-6,
respectively.

Figure 3-3. Example constructed channel through a riffle feature.
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Figure 3-4. Example streambed construction treatment detail.
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Figure 3-5. Example Vegetated Wood Matrix structures following construction (left) and after one year of
growth (right).

Figure 3-6. Example Vegetated Wood Matrix treatment detail.
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Floodplain Treatments

Scarified floodplain areas will be treated
with floodplain roughness features,
including partially buried wood and
microtopography, to provide short-term
stability on newly disturbed surfaces
(Figure 3-7). Floodplain roughness
reduces velocities during overbank
flows, helping retain topsoil and promote
deposition of fine sediment. Floodplain
roughness also supports vegetation
establishment by adding organic
material, retaining moisture and
nutrients, trapping seeds, and promoting
natural recruitment. In addition, all
disturbed floodplain areas will be seeded
to encourage regeneration of native

Figure 3-7. Example floodplain roughness features.

riparian vegetation and to reduce the potential for weed invasion.

Willow trenches are incorporated on floodplain surfaces and consist of buried willow cuttings
placed perpendicular to the bankline intermixed with bank structures (Figure 3-8). Willow
trenches extend approximately 10 feet laterally from the top of bank and are spaced every 10 feet
longitudinally along the bankline. In addition to increasing overall floodplain habitat diversity,
the willow trenches promote nutrient retention and uptake and provide roughness to dissipate
flow energy and promote floodplain sediment deposition and natural vegetation recruitment

during overbank flows.

Figure 3-8. Example willow trench detail.
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Large Wood Structures

Large wood structures will be installed in the existing stream channel to create hydraulic
complexity, promote woody debris accumulation, and drive sediment deposition. Large wood
structures consist of multiple tiers of stacked large logs (key members) with attached rootfans
(Figure 3-9). Smaller wood and brush are racked between the key members.

Figure 3-9. Example large wood structures following installation.

3.1.2 Hayden Creek Restoration Feasibility Considerations

The primary feasibility consideration for Hayden Creek restoration concept is the effectiveness
of fine sediment storage and ability to reduce nutrient delivery to Hayden Lake. The
effectiveness of the two alternatives at trapping sediment has not been quantified due to existing
data gaps related to sediment supply. Subsequent project design phases will quantify fine
sediment reduction using hydraulic models and two years of suspended sediment data collection
on Hayden Creek that will be completed in 2026.

Floodplain and wetland restoration projects can be highly effective at trapping sediment, but the
magnitude varies widely depending on hydrologic connectivity, flood frequency, floodplain
topography, and sediment supply. Both design alternatives employ mechanisms that drive
sediment trapping including smaller channel capacity, reduced flow velocity, vegetation
roughness, longer floodplain residence time and microtopography. A literature review on this
subject indicated that fine sediment trapping efficiency of floodplains can be highly variable, on
the order of 20% to 60%. For comparison, sediment trapping by large reservoirs can be greater
than 90%.
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Table 3-1. Preliminary feasibility considerations for Hayden Creek Restoration.

Feasibility

Consideration Risk Mitigation Strategy and Countermeasures

» Use engineering methods to evaluate performance of the project design
Stream channel for a range of river flows including infrequent high flow events and the
stability 100-year flood.

* Evaluate a range of Hayden Lake backwater conditions.

» Use hydraulic model to estimate potential for channels and floodplain to
fill with sediment.

Maintenance » Perform pre- and post-project weed control to limit the spread of weeds.

* Include access points to the project area to allow larger equipment to
perform weed control and maintenance along the channel.

» Perform data collection and analysis to quantify effectiveness of design to
store fine sediment delivered by Hayden Creek.

» Consider the sensitivity of variables that impact effectiveness estimates

Effectiveness and address uncertainty and limitations of assumptions.
» Establish a monitoring program to track project performance toward
meeting objectives.
* Include natural project elements that create complexity and offer a range
Habitat of depth, velocity, and cover conditions to support movement of aquatic

species that maintains or improves what Hayden Creek currently
provides.

3.2 Hayden Lake Restoration Concepts

Mitigation of cyanobacteria and toxins in source waters is achieved by removing cyanobacteria
and toxins, and in comprehensive strategies managing precursors for harmful algal bloom (HAB)
conditions. One infrastructure improvement for lake access ramp is needed to implement two
lake restoration concepts.

Dredging - Cyanobacteria seasonally grow and emerge from surficial lake sediments, along with
storage of resting stages (akinetes). A multi-purpose channel approximately 200t x 20001t (10-
12 acres) was designed to mitigate cyanobacteria and improve access for aquatic plant harvesting
for normal lake conditions, with associated benefits for improved water circulation and nutrient
mitigation

Aquatic Plant Harvesting - Management of aquatic plant biomass will remove epiphytic
cyanobacteria and associated toxins with associated benefits of enhancing water circulation and
nutrient removal with harvested biomass. Aquatic plants can host cyanobacteria and attached
algae on their surfaces providing increased access to light and nutrients (Van Goethem et al.
2020). Aquatic plants also can readily bioaccumulate cyanotoxins within their biomass, a
concept that has driven development of green treatment infrastructure for cyanotoxins for
drinking water sources (Pflugmacher et al. 2015). An adaptation of this cyanobacteria and toxin
mitigation approach we plan to implement is to utilize existing aquatic plants establishment for
harvest and removal of aquatic plants and cyanobacteria biomass to lower total toxin potential in
Hayden Lake.
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3.2.1 Hayden Lake Restoration Techniques
Lake Access Ramp

Construction of an access ramp into the lake will need to be completed to get machinery down to
the exposed lakebed for dredging activities and for aquatic plant harvesting operations. Use of
the existing public Sportsman Park boat launch was considered but determined to be excessively
disruptive to the public and dismissed from further consideration. The ramp length would be
approximately 150 to 200 feet to account for the 30-foot elevation drop with a 12—15-degree
slope. Stable base materials will be needed to support the ramp down to the lakebed elevation.
The ramp surface will be a suitable rock/gravel and side slopes will be planted with vegetation.
A dock with secured access will be installed near the lake shore for operation and storage of
aquatic plant harvesting equipment. A gate at the top of the ramp will be locked to prevent public
use that interferes with operations (Figure 3-10). This property is publicly owned by Kootenai
County, formal approval and agreements will need to be put in place before construction. There
is no expected community opposition to development of this access point.

Next design stages will need to address the following: The exact orientation and layout balancing
re-grading the existing hillside vs extending the access ramp and proximity of existing utilities.
Appropriate fill material volume, need for structural support features (retaining walls, rocks,
etc.), bank stabilization, and vegetation planting will need to be determined for construction
diagrams.

Figure 3-10. Preliminary design of lake access point with a 150-200 ft gravel ramp
(grey polygon), associated berms (tan polygons), gate (red line), and equipment
dock (brown polygon).
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Dredge and Cap with a Vegetated Island/Wetland Feature

Hayden lake water levels fluctuate by approximately 6 feet annually with peak water levels in
spring and lowest water levels in the winter. Water levels below Hayden Lake gauge height of 36
ft or lower limit water circulation and watercraft access (Figure 3-11). The dredged channel is
designed to maintain a constant bottom elevation from the entrance of the bay to the south,
northwest to the lake access ramp. This will require 1 foot of sediment removal at the south end
and approximately 3 feet of sediment removal at the north end to allow for equipment use down
to 34.5 ft lake level stage height. Most of the material dredged from this channel will be utilized
to build a 3—6-acre island or wetland feature within the lake, remaining material may be disposed
offsite to local agricultural land. The use of material will be a nature-based solution for
mitigating nutrients from the dredged area within the feature with different biogeochemical
conditions and vegetation to retain P. Additionally this project reduces the area of sediment with
high mobile P content, therefore reducing the area of lake contributing high rates of P release by
10-20% for the upper bay region.

Initial site investigations indicate dry ground excavation methods will be a suitable method and
would optimally occur during winter when water may recede all the way to the southern end of
the dredging area (32-34 ft lake level stage height). Sediments are consolidated in the dredging
zone with the upper 1-2 ft of sediments consisting of 20-40% solids and wet bulk densities of
1.17-1.30 g/cm3, with more compacted sediments below.

The following stages of design work should include the following: An updated bathymetric map
for the work area to refine material volumes and designs; Appropriate island / wetland feature
construction methods need to be identified to stabilize dredged sediments to prevent erosion back
into the lake; Design elements for any topographic features and desired vegetation to enhance
environmental services and wildlife use; and additional design criteria and data required by
Army Corp of Engineer permit approval or recommended by dredging contractors for successful
implementation.
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Figure 3-11. Preliminary design of dredged channel (dark grey polygon). Depth of dredging is
indicated inside the dredged channel. The location of an island/wetland feature built from dredged
materials (green polygon) is located between the access ramp and the mouth of Hayden Creek.

Aquatic Plant Harvesting

Mechanized aquatic plant harvesters with cutting blades can cut 50-75% of the aquatic plant crop
and simultaneously collect cut plants onboard the vessel for removal from the lake. The goal for
this management is to remove large amounts of aquatic plants within the 240-acre area (Figure
3-12). Aquatic harvesters are expected to be able to harvest 1.5-3.5 acres a day for an estimated
120 days of harvesting from June — September. Harvested plants would be brought to the access
ramp and offloaded onto a conveyor, which transfers plants into a dump truck or trailer for
disposal. Local property owners of agricultural land have verbally agreed to accept these aquatic
plants for use as fertilizer or soil amendments. With funding or logistical constraints, smaller
areas could be targeted for harvesting such as 140 or 90 acres (Figure 3-12). This level of aquatic
plant harvesting should remove significant amounts of cyanobacteria associated with aquatic
plants, while also removing substantial mass of nutrients in a comprehensive approach.

No additional design work or permitting is required for aquatic plant harvesting to proceed.
Monitoring data associated with aquatic plant harvesting such as truckloads removed,
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cyanobacteria composition of epiphytes, plant nutrient content, and sediment samples would be
beneficial to quantify the realized benefits of this effort.

Figure 3-12. Preliminary aquatic plant harvesting zones for the North Arm of Hayden Lake (blue outline)
for a 95-acre area (white polygon), 140-acre area (white + gray polygon), and up to 240-acre area (white
+ gray + dark grey polygons).
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3.2.2 Hayden Lake Restoration Feasibility Considerations

Table 3-2. Preliminary feasibility considerations for Hayden Lake Restoration.

Feasibility
Consideration

Risk Mitigation Strategy and Countermeasures

Water Level
Changes

Further evaluate long term trends in Hayden Lake levels for stable or
decreasing lake levels

Adjust dredging depths for increased longevity for dredged zone

Maintenance

Estimate external sediment loading rate to determine longevity of dredged
access channel and when additional dredging is needed

Perform pre and post project vegetation control to limit the establishment
of invasive plants.

Consider the sensitivity of variables that impact effectiveness estimates
and address uncertainty and limitations of assumptions.

Effectiveness . o ;
Establish a monitoring program to track project performance toward
meeting objectives.
Include natural project elements in the creation of the vegetated
Habitat island/wetland feature that create topographic and habitat complexity to

support wetland species that maintains or improves what Hayden Lake
wetlands currently provide.
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4 COST ESTIMATE

41 Cost Opinion

The concept-level cost estimate for the selected alternative is $4.54 million. This cost is in 2025
dollars and includes construction materials, contractor labor and overhead, permitting,
engineering services, and a 25% contingency. The project cost estimates will be refined at each
stage of the engineering design and updated to reflect current year pricing.

The cost estimate includes unit costs and quantities for various construction activities, organized
into several areas across the project site. Contractor activities such as bank stabilization,
excavation and embankment creation, and wood placement reflect the significant earthwork
required to reshape Hayden Creek and create the new channel alignment. The estimate also
incorporates costs for native vegetation plantings, topsoil, and erosion control measures to reflect
the overall rehabilitation and restoration of lower Hayden Creek. Hayden Lake restoration costs
include construction of a new lake access ramp, equipment, macrophyte harvesting and sediment
removal, each with detailed line items to determine a more accurate cost. A price quote was
obtained via email for the harvesting equipment and used in the cost estimate.

The cost estimate is organized into several key sections, each representing a distinct aspect of the
project. This breakdown of major work areas allows for cost comparison and separation for
construction phasing. To provide a conservative cost estimate for the potential phased
implementation of the project, Hayden Creek and Hayden Lake restoration were estimated
independently as if each were executed as a standalone phase. This approach ensures that all
necessary components are fully accounted for in each potential phase. As a result, certain costs,
such as mobilization, may be represented multiple times across the work areas. This method
provides a cautious estimate suitable for planning and budgeting purposes. If the project
proceeds as a single, continuous phase, cost efficiencies are likely to be realized through mass
balance optimization, reduced mobilization, and coordinated site efforts, potentially resulting in
overall cost savings. The total cost, organized into major work areas with key elements listed, is
displayed in Table 4-1.

The base construction subtotal is $2.6 million. To account for uncertainties and potential changes
during final design, a 25% contingency is applied, bringing the project construction total to $3.3
million. Additional costs include permitting, engineering design, and construction phase services,
which collectively raise the total projected cost to $4.54 million.
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Table 4-1. Construction cost opinion for the Hayden Lake and Hayden Creek Restoration Project.

Item# Work Item Cost Key Elements
Hayden Creek
1 Construct Access Roads $16,000 Improve and maintain existing roads
2 Water Management $28,000 Dewatering, stream channel diversion
3 Furnish Streambed Material $20,000 Acquire rock
4 Furnish Streambank Wood $250,000 Acquire wood
5 Earthwork $131,000 Excavate new channel, fill old channel
6 Construct Streambed $22,000 Place rock to build new stream channel
7 Construct Streambanks $35,000 Place wood to build new stream banks
8 Install Large Wood $45,000 Build large wood structures
9 Floodplain Roughness $24,000 Microtopography grading and wood placement
10 Planting and Seeding $90,000 Weed management, revegetation
11 Livestock fencing $20,000 Fence restoration area
12 Furnish and Install Bridge $225,000 New stream crossing for landowner
13 General Requirements $100,000 Mobilization, taxes, insurance, overhead
14 Contingency $251,000 25% at concept level
Hayden Creek Subtotal $1,257,000
Hayden Lake
15 Construct Access Roads $100,000 Construct gravel ramp for lake access
16 E:Lcigrizenraweg $445,000 Harvester, conveyors, trailer
17 Equipment Dock $30,000 Install dock to secure and access equipment
18 Harvest 2028 $260,000 240 acres - equipment, labor, and materials
19 Dredge Sediments $678,000 10-12 acres for harvest access and circulation
20 General Requirements $105,000 Mobilization, taxes, insurance overhead
21 Contingency $405,000 25% at concept level
Hayden Lake Subtotal $2,023,000
Grant Management $214,000 HLWID Legal, accounting, community outreach
Research and Monitoring $299,000 Univ of Idaho 2025-2028 and Lake Manager
Conservation Easement $147,000 Survey, coordination, filing
Permitting $50,000 Prepare applications and pay fees
Engineering $350,000 30/60/Final Design
Construction Services $200,000 Construction oversight
Project Total $4,540,000
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4.2 Contracting

Construction contracting for the project will follow State guidelines for public procurement. Due
to the phased nature of the project, the need to work around sensitive habitat, public recreation,
and the timing of the work around Hayden Creek flows, the project may be a good fit for an
alternative project delivery contract such as Construction Manager/General Contractor or
Construction Manager at Risk.
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5 PROJECT SCHEDULE

This section describes the next steps and identifies a timeline for implementing the project. The
project concepts presented in this document represent an approximate 10% level of design and
there are still many critical tasks to complete and several unknowns that could impact the project
timeline. Given this, the timeline presented herein is provisional and subject to change based on
incremental progress toward completion of key milestones.

5.1 Final Design

Final design can commence upon selection of a preferred alternative and availability of funding.
Key milestones in the final design process include the following:

*  30% Design — appropriate level of design to pursue additional construction funding and
initiate environmental compliance and discussions with permitting agencies.

*  60% Design — appropriate level of design to demonstrate technical feasibility and apply
for permit applications.

*  100% Design — construction ready plans, specifications, and bid documents suitable for
procuring a construction contractor.

5.2 Environmental Compliance and Permitting

A preliminary assessment of environmental compliance and permitting needs was completed as
part of the conceptual design. Initial feasibility assessments were completed to evaluate potential
project impacts and address key unknowns related to the ability to satisfy permitting
requirements. Expected environmental compliance and permitting requirements are described in
the following sections.

5.2.1 Environmental Compliance

Compliance with the National Environmental Policy Act (NEPA) is required for use of federal
funding, which may be required given the cost of the project relative to available state and local
resources. NEPA is a federal environmental law that requires agencies to assess the
environmental effects of their proposed actions and receive public comment prior to making
decisions. The end product of the NEPA process can be an environmental assessment,
environmental impact statement, or categorical exclusion based on the complexity of the project.
The NEPA process would also include consultation with the U.S. Fish and Wildlife Service
(USFWS) for ESA listed species and consultation with the State Historic Preservation Office
(SHPO) for cultural resources. Much of the information developed during the NEPA analysis
satisfies the required information for permit applications described below. NEPA must be
completed prior to submitting permit applications.
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5.2.2 Permitting

Expected permits for the project are listed in Table 5-1. A Joint Permit Application (JPA) can be
submitted for combined review of Clean Water Act Sections 404 and 401.

Table 5-1. List of expected permits for the Hayden Lake and Hayden Creek Restoration Project.

Permit

Agency

Required Information

Clean Water Act Section 404
Certification

U.S. Army Corps of
Engineers

Section 401 Water Quality
Certification

Idaho Department of
Environmental Quality

Wetland delineation and impact
analysis

Consultation with USFWS for ESA
listed species

Consultation with SHPO for cultural
resources

Floodplain Development
Permit

Kootenai County

Flood risk analysis

Stormwater Discharge
General Construction Permit

Idaho Department of
Environmental Quality

Stormwater pollution and prevention
plan

Encroachment Permit

Idaho Department of
Lands

Project and design specifications

Consultation with ACOE for Section
404 and 401 permit compliance

Consultation with Idaho Department
of Water Resources for water rights

5.3 Design and Implementation Timeline

There are still many critical tasks to complete and several unknowns that could impact the
project timeline. Thus, the timeline presented herein is provisional and subject to change based
on incremental progress toward completion of key milestones. The preliminary project timeline

is presented in Table 5-2.

Table 5-2. Preliminary project timeline for the Hayden Lake and Hayden Creek Restoration Project.

Milestone Provisional Completion Date

30% Design Summer 2026

NEPA and Environmental/Historical Review Spring 2027

60% Design Fall 2026

100% Design Winter 2027
Permitting Spring 2027
Construction — Hayden Lake Dredging and Creek Restoration Winter 2027
Construction — Macrophyte Harvesting Summer 2028
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