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DISCLAIMER

WALERT Reports

WALERT reports are primarily a qualitative assessment of post-wildfire landslide hazards based on our professional judgment and experience. The assessments
are performed as part of emergency response with the intent to produce a rapid report for decision-makers, land managers, landowners, and other interested
parties.

Disclaimer of Warranties

No express or implied warranty of any kind is made regarding the information contained herein, including, but not limited to, the warranty of merchantability,
warranty of fitness for a particular purpose, or warranties of content, completeness, accuracy, reliability, usefulness, or that use would not infringe on privately-
owned rights.

Use at Your Own Risk

The information presented here is intended for use as a general screening tool in community planning or for creating awareness and understanding of geologic
information and is neither intended to constitute advice nor is it to be used as a substitute for site-specific advice from a licensed professional. You use this
information at your own risk and should not act (or refrain from acting) based upon the information without independently verifying the information and, as
appropriate, obtaining professional advice regarding your particular facts and circumstances.

Limitation on Liability

User agrees there shall not be liability on the State of Washington, Washington Department of Natural Resources, or their officers, agents, representatives, or
employees for any damages allegedly resulting from any use of or reliance on this information. Under this limitation, there shall be no liability for any damages
whatsoever, including but not limited to any damages in contract or tort for compensatory, consequential, punitive, direct, indirect, or special damages such as
personal injuries, property damage, loss of profits, or any other losses or expenses.

No Endorsement

Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does not constitute or imply its
endorsement, recommendation, or favoring. Further, the views and opinions of authors expressed herein do not necessarily state or reflect those of the State of
Washington or any agency thereof.
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KEY POINTS

e The presence of steep slopes, moderate soil burn
severity in isolated areas, and erodible sediments in
combination raise the likelihood of debris flows in the
Chelan Hills burn area.

e Many residential structures and roads are built on
alluvial fans and near stream channels in the Chelan
Hills burn area. These areas may be impacted by
flooding and debris flows during intense rainstorms,
rapid snowmelt, or rain-on-snow events.

e  Widespread impacts, especially at stream crossings,
from a 2016 post-fire flooding event demonstrate the
capacity of this burn area to generate damaging post-
fire floods or debris flows.

e  Proactive strengthening and maintenance of stream
crossing structures may be necessary to avoid impacts
to roadways and properties during flood events.

INTRODUCTION

A Wildfire-Associated Landslide Emergency Response
Team (WALERT) assessed the risk of flash floods and
debris flows from the Chelan Hills Fire in Douglas County,
Washington. The assessment included field observations,
remote mapping of ortho-imagery and lidar, and analysis of
USGS debris flow modeling output.

WILDFIRE OVERVIEW

The Chelan Hills Fire began on July 3, 2026 and burned
9,861 acres in an area five miles east of the town of Chelan
(Plate 1). The fire initiated along Highway 97 and burned up
west-facing slopes on either side of McNeil Canyon Rd to
where it was ultimately contained at the western edge of the
Waterville Plateau. The fire primarily burned grasslands and
shrub steppe, with small stands of interspersed ponderosa
pine forest.

The burn area is primarily composed of private and
Bureau of Land Management (BLM) managed lands, with
some scattered pockets of state DNR land (Table 1).

Table 1. Land ownership proportions for the Chelan Hills Fire.

Owner Percentage of burn area Acres
Private 84.7% 8,336
Bureau of Land  13.7% 1,349
Management

State DNR 1.6% 154

Geography, Geology, and Climate

The Chelan Hills burn area extends from the Columbia
River to the western edge of the Waterville Plateau, with
elevations ranging from 764 ft in the Columbia River valley
to 3,184 ft at the Waterville Plateau. All drainages in the
burn area are ephemeral and generally flow east-to-west,
terminating in the Columbia River.

The surface geology in the burn area varies roughly
with elevation: lower elevations are predominantly alluvium
and glacial sediments mixed with cliff and talus
outcroppings of highly fractured, Cretaceous igneous and
metamorphic rocks. Mid elevational areas of the burn area
are dominated by unsorted glacial sediments, while the
highest elevations in the burn area along the plateau rim are
composed of Columbia River Basalts. The glacial and
alluvial sediments in the burn area are easily erodible and
therefore prone to entrainment in debris flows and shallow
landslides.

The climate in this area is continental, with hot
summers, cold winters, and average annual precipitation of
11 inches (NOAA, 2026). Although most precipitation falls
during winter months, this area is subject to infrequent
summer thunderstorms that can feature intense precipitation.
Rainfall rates and soil wetness conditions capable of
triggering debris flows and flash flooding may occur during
both winter and summer storms.

Wildfires change how water interacts with the
landscape in a way that increases runoff, flash floods,
and debris flows. These hazards can remain elevated
for several years after the fire.

WALERT assesses these post-fire hazards with a
focus on infrastructure and public safety.
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Soil Burn Severity

The Chelan Hills Fire experienced mainly low soil burn
severity, with sparse areas of moderate to high soil burn
severity (Table 2). See Plate 3 for a map of soil burn
severity distribution in the Chelan Hills burn area.

Table 2. Soil burn severity proportions for the Chelan Hills Fire.

Burn severity Percentage of burn  Acres

area
Unburned/very low 5% 517
Low 84% 8,243
Moderate 10% 984
High 1% 62

Soil burn severity describes the fire-induced
changes in physical and biological soil properties.
Soil burn severity is a function of fire behavior and
pre-existing soil and vegetation characteristics. Low
soil burn severity occurs when wildfire leaves sub-
surface organic material and soil structure mostly
intact; this often results from fast-moving fires

and (or) low fuel density. High soil burn severity
results from wildfire burning hot and long enough in
a particular spot to destroy organic material and soil
structure; this often occurs in densely vegetated or
forested areas where fire heat lingers for longer
(Parsons and others, 2010)

Soil burn severity mapping incorporates satellite
measurements of infrared reflectance and field
observations of soils post-fire. For this fire, a BLM
BAER (Burned Area Emergency Response) team
conducted field evaluation to create the soil burn
severity map which was provided to the WALERT
(Dr. Jason Burgess-Conforti, BLM Utah State
Office, written commun., 2026).

If you need assistance accessing or analyzing the
SBS data, please contact us and we can provide
some support.

OBSERVATIONS AND INTERPRETATIONS

WGS staff visited the Chelan Hills burn area with post-fire
specialists from the BLM on July 15-16, 2026 to conduct
soil burn severity field verification and to document
potential post-fire hazards. The Chelan Hills WALERT
performed remote review of available lidar and aerial
imagery, which included reviewing mapped alluvial fans

within the burned area (Langstroth and others, 2026),
searching for evidence of historical debris flow events, and
locating any potential structures or infrastructure nearby to
mapped alluvial fans and rockfall deposits.

Review of the fire history reveals that this area has
experienced several fires over the past 22 years: the largest
of these was the Reach 2015 Fire (part of the 2015 Chelan
Complex Fire) which impacted the northern half of the
Corral Creek drainage. A year after this fire, intense rainfall
during July 2016 caused flooding and debris flows which
impacted McNeil Canyon Rd and State Route 97 (Wolf,
2016). Other, smaller fires, including the 2004 Beebe Fire
and the 2018 Chelan Hills fire have previously burned parts
of the 2026 Chelan Hills burn area, though inspection of
aerial imagery taken before and after these fires reveals no
evidence of flooding or erosion after these events.

Site-Specific Observations

The following locations were selected for post-fire hazard
assessment, including on-the-ground field observations and
remote analysis of terrain, soil burn severity, and USGS
post-fire modeling. We prioritized areas near infrastructure
and those accessible via public roads. See Plate 1 for the
map of Site locations.

MCNEIL CANYON ALLUVIAL FAN (SITE 1)

Site 1 is the alluvial fan formed where Corral Creek
terminates in the Columbia River. The alluvial fan is split
into two lobes, with structures built on both lobes. Two
roads, Frederick Ct and North Shore Dr cross the alluvial
fan, with twin 20+ ft wide culverts at Frederick Ct and a
bridge at North Shore Dr. There is a linear manmade feature
located between the two stream crossings that runs parallel
to the channel. While the location and orientation of this
feature suggest a hydraulic engineering purpose, it is only

3 ft high and its effectiveness at water capture is unclear.

Corral Creek watershed is larger than the typical debris
flow-producing basin, thus the USGS model divides the
watershed into smaller basins, to reflect the typical basin
size that produces debris flows, rather than larger volume of
water flows, such as flash floods. Most of the basins in the
watershed are modeled at low and moderate debris flow
hazard levels (Plate 2). Specifically, the upper half of the
Corral Creek watershed features almost all moderate hazard
basins while the lower half of the watershed features low
hazard basins. A deep-seated landslide is visible in lidar
imagery in the lower canyon of Corral Creek. While this
landslide itself does not represent a post-fire hazard, its
deposit near the channel provides readily erodible sediment
that could be mobilized by elevated stream flows.

The most recent elevated stream flow event in Corral
Creek that is visible in the satellite record is the July 2016
flood event, during which Corral Creek delivered a
substantial quantity of debris to the alluvial fan, reshaping
the Columbia River shoreline. This flood event also



denuded almost all the vegetation in the Corral Creek
channel, which is over 100 ft wide in places on the alluvial
fan. While no impacts to infrastructure at this Site are
visible in satellite imagery, the July 2016 flood event
demonstrates the capacity of the Corral Creek watershed to
generate flood stage streamflow post-fire that delivers
substantial debris to the alluvial fan.

There are a handful of structures on the alluvial fan at
Site 1 that are at increased risk of debris flow and flash
flood impacts following the Chelan Hills 2026 fire. The
greatest hazard comes from a potential channel avulsion on
the Corral Creek alluvial fan that directs floodwaters onto a
dormant section of the fan where damage to properties could
occur.

OLD MCNEIL CANYON RD ALLUVIAL FAN (SITE
2)

Site 2 is an alluvial fan below a basin with moderate
combined hazard in the USGS hazard model and the largest
estimated debris flow volume of all catchments in the
Chelan Hills burn area. Most of the basin burned at low
severity, with a roughly half mile-wide section of moderate
and high severity burn in the uppermost reaches of the basin
(Plate 3). Major roadwork took place at the apex of the fan
to reroute McNeil Canyon Rd during the second half of
2025, including the installation of a new 4-ft culvert to
convey water underneath a new section of McNeil Canyon
Rd. This culvert is buried >20 ft under the road surface and
there is substantial riprap armoring in the channel leading up
to the culvert and around the culvert inlet itself. These
features reduce the potential for flood damage at this stream
crossing. On the downstream side of McNeil Canyon Rd,
the stream channel takes a sharp turn to the southwest in an
incised channel. While typically we expect the apex of the
alluvial fan to experience the most flood and debris flow
activity, the new culvert under McNeil Canyon Rd will
restrict the transport of debris and should reduce the risk of
stream avulsion on the alluvial fan. However, given the
amount of moderate burn in this basin and the large
modeled volume for debris flow potential, this Site deserves
attention during debris flow or flash flood conditions.

MCNEIL CANYON RD ALLUVIAL FAN (SITE 3)

Site 3 is an alluvial fan below a basin with moderate
combined hazard in the USGS debris flow hazard model.
Much of this basin burned at low severity. The surfaces in
the basin consist of fractured rock slopes and unsorted
glacial sediments. The channel through the alluvial fan is
deeply incised across much of the fan area and crosses
under McNeil Canyon Rd via an unobserved water crossing
structure. If this water crossing structure is not adequately
sized to pass and contain the volume of water present during
a debris flow or flash flood, it could result in flooding

and (or) damage to the McNeil Canyon Rd. Additionally,
there are two residential structures built on the alluvial fan,
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including one very close to the fan apex. Where the stream
channel exits the hillslope, it takes a sharp, almost 90-degree
turn. This sharp turn is a location where there is increased
potential for channel avulsion.

MOUNTAIN SPRING RD ALLUVIAL FAN (SITE 4)

Site 4 is an alluvial fan with several structures built on it
that sits below a basin with USGS-modeled moderate
combined hazard (Plate 2). Roughly half of this basin
burned with moderate soil burn severity, particularly in the
upper basin and near the main drainage channel where
thicker vegetation and ponderosa pine forests existed. The
basin above Site 4 is composed of almost entirely highly
erodible glacial deposits, into which the main stream
channel is deeply incised. Moderate burn severity combined
with erodible sediments in the upper basin and in the
channel provide favorable geologic conditions for
substantial erosion and debris flow initiation in this basin.

The McNeil Canyon Rd cuts into the toe of the alluvial
fan at this Site, and while we did not observe any evidence
of activity on the fan since 1990, historically the channel
deposited material across the entire fan surface, including
where the current roadway is. The risk of a debris flow or
flash flood reoccupying a dormant part of the alluvial fan is
also a relevant concern for the structures built on the alluvial
fan surface. Upstream of the alluvial fan, Mountain Spring

U.S. Geological Survey (USGS)
Post-fire Debris Flow Hazard
Models

The USGS models post-fire debris flow hazards
using soil burn severity and terrain data (King
and others, 2025). The results are available on a
and used in our assessments
(Plate 2).

The model outputs debris flow probability,
volume, and combined relative hazard for each
hydrologic basin. Our assessment focuses on
basins and stream segments with moderate to
high combined relative hazard.

The USGS model is based on a design
storm event with a 15-minute peak rainfall
intensity of 24 mm/hr. The model does not
consider the effect of rain-on-snow or rapid
snowmelt, which can also produce debris flows
and flash floods.

If you need assistance accessing or
analyzing the USGS debris flow hazard
assessment, please contact us and we can provide
support.


https://landslides.usgs.gov/hazards/postfire_debrisflow/
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Rd crosses the main drainage channel with an unobserved
water crossing structure. Irrespective of the type of crossing
present, in the lidar it is apparent that the drainage channel
is only several feet below the Mountain Spring Rd surface at
this crossing which leaves the road vulnerable to water
overflow and potential damage during a debris flow or
flood. This same hazard is present further upslope in the
basin, where smaller tributary channels cross Pine Hollow
Dr and Quartz Dr.

SUNFLOWER RD STREAM CROSSING (SITE 5)

Site 5 is a culvert which conveys water originating from
several basins on the southeast side of McNeil Canyon Rd
underneath the roadway, to where it ultimately joins with
Corral Creek (Plate 1). The basins above Site 5 have
moderate combined hazard in the USGS debris flow hazard
model and primarily burned at low severity (Plates 2—3).
The metal culvert is located 1015 ft below the roadway in
an excavated basin that does not routinely see water flow.
The culvert is 3 ft in diameter with a grate over its inlet.
Slightly upstream of the culvert inlet, small boulders are
piled across the channel in a loose dam configuration,
presumably for the purpose of trapping flood debris before it
reaches the culvert mouth. The drainage channel on either
side of the culvert is steeply incised and relatively high
gradient, indicating that this is a section of stream that has
historically seen high-energy water flow. Additionally, the
surface sediment in these basins is predominantly unsorted
glacial deposits with abundant fines. Such highly erodible
sediments are easily mobilized during flood events.

It is possible that a debris flow or flood may
overwhelm the culvert and cause infrastructure damage
downslope to areas outside the current stream channel.
Inspection of satellite imagery reveals that the 2016
floodwaters caused substantial sediment deposition and
vegetation denudation at the stream confluence just
upstream of the culvert. Field photos taken by the county
transportation team following the 2016 flood show that the
culvert at this site was also completely buried by debris
during the flood event. These observations illustrate the
potential for this drainage to carry high-energy water flows
laden with debris that could become trapped at the culvert
inlet. A resident who lived nearby this culvert reported that
2016 floodwaters overflowed the culvert inlet and flowed
down the McNeil Canyon roadway, causing impacts to both
sides of the roadway downslope. Given this local report, and
the potential for future debris flow or flash floods in these
basins, we recommend road managers monitor this culvert
during periods of elevated streamflow.

RED ROSE LN FAN (SITE 6)

Site 6 is an alluvial fan below a basin with moderate
combined hazard in the USGS debris flow hazard model.
The surface of the alluvial fan is somewhat rough, with
relict channels visible in lidar. These features imply historic

high-energy water flow across the fan surface. Halfway up
the basin there is a landslide that is approximately 400 ft in
length with a characteristic headscarp and bulging deposit
visible in lidar and aerial imagery. In the field, we observed
bulging, unsorted sediments topped by vegetation cover that
appeared sparser than the surrounding vegetation cover at
the landslide toe. While this landslide pre-dates 1998
imagery and has had no obvious movement in the last

28 years, it is a source of easily erodible sediment in this
basin and therefore increases the likelihood of sediment
entrainment during a flood event.

There are several structures and roads built into this
alluvial fan which are exposed to heightened debris flow
hazard. Aerial imagery from 2015-2017 shows that a
flooding event (presumably the July 2016 rainstorm
mentioned earlier in this report) eroded a channel through
the length of the landslide and deposited sediment across
Red Rose Ln at the top of the alluvial fan. While debris
from this event did not appear to travel far enough to impact
the structures on this fan, the debris demonstrates that post-
fire debris flow potential exists in this basin. Furthermore,
because we observed minimal channel incision near the
apex of the alluvial fan, there is the possibility that future
debris flow or flash flood events could flow across any part
of the alluvial fan surface, impacting roads or structures that
are not located nearby the current stream channel on this
fan.

UPPER CORRAL CREEK DRAINAGE (SITE 7)

This approximately half-mile section of Corral Creek and its
upstream basin area experienced low soil burn severity and
is modeled by the USGS to have moderate combined debris
flow hazard (Plate 2). There are numerous side catchments
with mapped alluvial fans along this section of Spring
Canyon Rd (Plate 1). While these catchments are small and
therefore flooding or debris flow impacts are expected to be
minimal, structures built on the alluvial fans in this section
are at heightened risk of impact in extreme rainfall events.

In addition, this section of Corral Creek features a
relatively confined canyon where the roadway and private
structures lie within 10 ft of the Corral Creek channel,
which itself is minimally incised. This configuration leaves
little room to accommodate elevated water levels in the
existing Corral Creek channel and exposes this section of
Spring Canyon Road and the structures along it to debris
flow and flash flooding impacts.

SPRING CANYON RD ALLUVIAL FANS AND
CREEK AREA (SITE 8)

Site 8 is an approximately one-mile section of Corral Creek
that has low stream gradient and a wide, shallow channel
that contrasts with the highly incised upper and lower
sections of Corral Creek (Plate 1). The watershed upstream
of this creek section is modeled at moderate combined



hazard in the USGS hazard model (Plate 2). There are two
alluvial fans along this section of Corral Creek and two road
crossings: one across Corral Creek Dr and another across
Spring Canyon Rd. We observed in satellite imagery that
during the July 2016 flood event, there was widespread
debris flow activity in this section of Corral Creek and in the
tributary streams that join Corral Creek in this area.
Tributary floodwaters appear to have damaged several
private roads and flooded residential properties on the
slopes to the north of this Corral Creek section.
Additionally, wide fans of flood debris (about 150 ft wide)
containing cobbles and boulders were deposited on the
upstream sides of the Corral Creek Drive and Spring
Canyon Road crossings. It appears that the Spring Canyon
Road was completely washed out at this location following
the July 2016 flood.

Currently at the Corral Creek Drive crossing there are
twin, 3-ft-diameter culverts with a <10-ft-deep excavated
basin to direct water into the culverts. At this road crossing
the Corral Creek streambed is over 100 ft wide with no
obvious main channel, indicating that water may flow down
any part of the channel path and not necessarily into the
culvert inlet basin. Similarly, the Corral Creek streambed
fans out to a width of approximately 150 ft with no incised
channel where it meets Spring Canyon Rd, which in satellite
imagery also appears to be a convergence zone of several
tributary streams. While we didn’t observe the water
crossing structure used at this location, the wide streambed
configuration and the convergence of tributary streams
increases the likelihood that water may not be effectively
routed under Spring Canyon Rd in flood conditions. We
recommend road managers monitor these two stream
crossing for compromised culvert function or overflow
during elevated streamflow events.

Although structures in this area appear to all be safely
elevated above the main water channels, future residential
development should consider the increased debris flow
hazard present across all parts of the alluvial fans and near
stream channels in this area.

HIGHWAY 97 ALLUVIAL FANS (SITE 9)

There are several alluvial fans abutting State Route 97
(SR 97) and lower McNeil Canyon Rd (Plate 1). The slopes
above the roadways are comprised of fractured bedrock and
loose talus. These slopes were sparsely vegetated pre-fire
and are primarily modeled as low combined hazard in the
USGS debris flow modeling (Plate 2). Imagery from 1990
shows potential debris flow activity on the surface of several
alluvial fans along this section of SR 97. Although the
imagery quality is too low to permit detailed visual analysis
of these events, the presence of recent activity implies that
the alluvial fans are not geologically dormant.

The roadside ditch along SR 97 at this site is generally
less than 15 ft wide and excavated only a few feet below the
pavement. This configuration leaves minimal room in places
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to accommodate floodwater and debris flow deposits. SR 97
and McNeil Canyon Rd cut into each alluvial fan along this
section of hillslope. Field inspection revealed little evidence
of rockfall into the ditch. On account of the low USGS
modeled hazard and the sparse vegetation, we interpret there
is minimal increase in post-fire hazard at this site. However,
given the location of the SR 97 roadway and McNeil
Canyon Road through the alluvial fans, and the low volume
roadside ditch, any debris flow or flood activity in this area
would likely impact the roadway or the nearby
infrastructure.

FARNHAM CANYON ALLUVIAL FAN AT OUTLET
(SITE 10)

This site is an alluvial fan with two distinct elevations. The
current stream channel is downcut within the larger fan,
with a modern flood plain as narrow as 40 ft and as wide as
300 ft, where the inset lower surface meets the Columbia
River. The upper level of the fan is raised above the modern
floodplain of the creek by a minimum of 6 feet and
maximum of 20 feet.

There are at least five structures on the Farnham
Canyon fan, most are elevated above the channel elevation
and are located on the upper surface of the fan.

SR 97 cuts across the alluvial fan, with an elevated
embankment, approximately 20 ft above the creek. We did
not observe the stream crossing structure at this highway
site and therefore do not know the status of the bridge,
culvert, or other engineered water throughway. We presume
this section of SR 97 is engineered road fill, with adequate
water course under the highway. We make no conclusions
about the highway’s water crossing here, however we note
that after the Chelan Hills burn, there may be increased
water flow out of Farnham Canyon for several years post-
burn.

Riverview Rd also crosses the fan, near the apex, and
the roadway is elevated above the stream by 10 feet. It is
unknown if there is a bridge or culvert at this location, as no
site observations were made at this location.

CHELAN ACRES RD AND BOX CANYON RD
JUNCTION (SITE 11)

There is a stream channel that crosses Chelan Acres Rd just
past the intersection with Box Canyon Rd. This stream
channel drains all the water from the Farnham Canyon
watershed. While we expect that there is a stream crossing
structure at this location, we did not verify its presence or
type in the field. It is unclear in the lidar how high Chelan
Hills Acres Rd is above stream channel at this location and
we did not inspect this site in the field. However, based on
the size of the Farnham Canyon watershed, there is the
potential for the water level in the stream channel to rise
considerably during a flash flood or debris flow. If this
water crossing structure does not have adequate capacity to
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handle flood-stage streamflow, damage to this section of
roadway may occur.

Furthermore, in satellite imagery from 2022 there is
evidence that water flowed down on either side of Box
Canyon Rd just uphill of the intersection with Chelan Hills
Acres Rd, causing erosion on the southern edge of the road
prism. The pattern of erosion suggests that there may not be
adequate water routing structures in place to convey water
down from the Box Canyon basin to the junction with the
main Farnham Canyon stream. Inadequate water routing
combined with the increased potential for post-fire flash
flood or debris flow occurrence in the main Farnham
Canyon stream puts the roadways and the stream crossing at
increased risk of damage at this site.

FARNHAM CANYON FLATS (SITE 12)

There are two sprawling alluvial fans in this area populated
with several roads and structures. Several structures
accessed by Jerry Ln and Heidi Ln appear to be built on the
surface of an alluvial fan, as are these two roads themselves.
Sections of Chelan Acres Rd and Spur Rd also cross over an
alluvial fan. The presence of the alluvial fans at this site
indicates that historically, water flowed and deposited
sediment across the entire fan area. However, the very
smooth surface expression implies that these fans have seen
relatively little activity in the recent geologic past.

Also at this site, Spur Lane and several structures are
built near to and in a historic stream channel area. The
stream channel in the vicinity of where Spur Lane splits into
two roads is over 300 ft wide in places with relict channels
visible in lidar. Relict channels demonstrate the possibility
of channel migration in this stream drainage during elevated
streamflow conditions. Structures off Spur Rd built only a
few feet above the channel may be exposed to flash flood or
debris flow hazard during elevated streamflow conditions.

CHELAN ACRES RD AND FARNHAM LN (SITE 13)

Site 13 is an alluvial fan fed by two stream channels. The
channel entering the fan from the east features several areas
interpreted to be deep-seated landslides. The landslide
deposits appear to be actively offsetting the stream channel
and are being eroded by the stream. While these landslides
are not a post-fire hazard specifically, their deposits provide
readily erodible sediment that could be mobilized by
elevated stream flows. Also in the east side stream channel,
there are pockets of moderate to high soil burn severity
upstream of the fan (Plate 3) which makes excess runoff and
vegetation mortality more likely. Higher soil burn severity
combined with steep slopes resulted in moderate combined
hazard according to the USGS post-fire hazard modeling.
The other stream channel that enters the Site 13 alluvial fan
from a more northerly direction is also modeled at moderate
combined hazard in the USGS hazard model (Plate 2). This
drainage burned primarily at low severity, with minimal
patches of moderate burn severity.

Chelan Hills Acres Rd crosses the two aforementioned
stream channels in the upper part of the Site 13 alluvial fan.
Since our team did not inspect either of these water
crossings, we cannot comment directly on the structures that
are present. However, there are multiple channels visible in
lidar on the surface of the alluvial fan which are evidence of
previous channel migrations. This indicates that the stream
has the potential to move from its current channel and
occupy other parts of the fan. If a future flood or debris flow
event powerful enough to cause a channel avulsion were to
occur again, it would likely deliver a large volume of debris
and water to the stream crossings along Chelan Hills Acres
Rd. If road managers have any concerns about the capacity
or strength of the structures present at these locations during
flood conditions, we recommend they monitor these
locations during high streamflow events.

Landowners and managers can take action to limit
soil erosion, reduce flooding, and promote
revegetation. The BLM SBS map may help in
identifying the most severely burned areas for
remediation action. We can provide the SBS data in
various formats as needed.

Managers of transportation networks should be
aware of the increased likelihood of sediment
transport, sediment deposition, and (or) erosion to
roads, as well as potential issues with blocked
culverts. We suggest culvert inspections from
channels draining the fire to address blockages that
may exacerbate flooding and erosion.

Managers may seek support from geotechnical
consultants to protect infrastructure and design site-
specific post-fire remediation plans.

Residents of homes built on alluvial fans and (or)
adjacent to streams flowing from burned areas
should be informed of potential post-fire flash flood
and debris flow hazards. For more information on
how to stay safe when at risk from debris flows,
please consult our IFloods After Fire pamphled and
the [USGS’s fact Sheetj



https://www.dnr.wa.gov/publications/ger_fs_alluvial_fans.pdf
https://pubs.usgs.gov/fs/2022/3078/fs20223078.pdf

WALERT Report

SUMMARY AND RECOMMENDATIONS

Our assessment indicates that flash flooding and debris
flows have occurred in the Chelan Hills burn area in the past
and may occur in future storm events. Our assessment
focuses on the populated areas in McNeil Canyon, along the
Columbia River, and along Farnham Canyon. Field
inspections covered only the primary road network in
McNeil Canyon and therefore depend heavily on lidar and
satellite imagery interpretations.

It is important to know that post-fire conditions change
over time. In addition to land use changes, seasonal and
yearly changes occur in vegetation, soil properties, and
slope stability. As such, risks associated with the hazards
detailed within this assessment may increase or decrease
over time. Ongoing monitoring of post-fire conditions and
infrastructure may be necessary to recognize changes of
risks to public safety.

Recommendations

e Inform residents in Chelan Hills burn area that potential
elevated flooding and debris flow hazards will persist
near stream channels and alluvial fans until the
landscape recovers to pre-fire conditions.

e Keep culverts and stream crossing structures referenced
in this report clear, especially during elevated
streamflow conditions.

LIMITATIONS

WALERT aims to quickly identify and assess geologic
hazards associated with wildfires to inform decision making
and help focus the efforts of local officials and residents
who may be impacted by post-wildfire hazards. All
observations and interpretations are based on empirical
evidence and local knowledge. We tried to highlight
locations where issues might occur, but not all areas were
visited during this reconnaissance survey.
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APPENDIX A: GEOLOGICAL BACKGROUND

Hillslope Processes

A variety of factors contribute to the probability of debris
flows occurring in burned areas. These include hillslope
gradient, channel convergence, availability of fine
sediments, severity of hydrophobic (water repellant) soil
conditions, burn severity, and the removal of a protective
canopy and diminished root strength caused by fire.

Hydrophobic soil conditions in burned areas can
increase water runoff potential on hillslopes during a storm
by preventing water from infiltrating into the subsurface.
Overland flow can result in rills and gullies that further
channel water downhill.

When effective ground cover has been denuded after
intense fire, soils are also exposed to erosive forces such as
raindrop impact and wind. The steepest slopes are most
prone to erosion, particularly where soils are shallow or
where there is a restrictive subsurface layer such as bedrock.
Soils that have developed on volcanic ash and glacial till are
easily detachable, having low cohesion and structure, and
contain relatively low amounts of organics, resulting in
moderately thin topsoil horizons.

Flash Floods and Debris Flows

Debris flows have a specific geologic definition that is often
misused by the media, the public, and scientists. Most
observed “debris flows” are actually sediment-laden flash
floods known as hyperconcentrated flows (HCFs). In the
following sections, we explain the differences between these
two types of flows.

FLASH FLOODS

Flash floods, especially those that originate from recently
burned areas, are often described as “debris flows™ due to
the sediment-laden water transporting woody and vegetative
debris, trash, gravel, cobbles, and occasionally boulders.
Though “debris flow” may be an observer’s description of
the event, a true debris flow has specific properties,
behaviors, and characteristics that differentiate it from a
flash flood. An HCF is the transition between a flash flood
and a debris flow. One way geologists differentiate the three
is by the percent of sediment (by volume) carried by the
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flowing water. A flood contains less than 5 percent sediment
by volume, an HCF carries around 5 to 60 percent sediment
by volume, and a debris flow exceeds 50 percent sediment
by volume.

DEBRIS FLOWS

Debris flows are often described as having the appearance
of flowing, wet concrete. These flows travel quickly in
steep, convergent channels. A moving debris flow can be
very loud because it can buoy cobbles, boulders, and debris
to the front and sides of the flow. The sound is often
compared to that of a freight train and may cause the ground
to vibrate. In a post-fire situation, a debris flow may start as
a flash flood surge that picks up sufficient sediment to
transform into an HCF and, if soil and slope conditions are
suitable, can transform into a debris flow.

Debris flow deposits tend to be distinct and include
channel-adjacent levees of gravel, cobbles, and boulders.
Channel-adjacent trees display upslope damage such as
scarring on bark from rock or debris impact. Mud and gravel
may be splashed onto trees and other channel-adjacent
objects. Because of the ability of a debris flow to buoy these
materials to the front of the moving mass, debris flows are
extremely dangerous to public safety and infrastructure.

Alluvial Fans

Alluvial fans are low-gradient, cone-shaped deposits that
consist of sediment and debris. These features often
accumulate immediately below a significant change in
channel gradient and (or) valley confinement. This might
occur at the mouth of a canyon or steep channel that drains
from mountainous terrain and emerges onto a low gradient
area such as a flood plain. Sediment on the alluvial fan is
deposited by streams, floods, HCFs, and (or) debris flows
and is typically sourced from a single channel.

Alluvial fans are attractive locations to build cabins
and homes due to the slight elevation above the flood plain.
However, alluvial fans are active depositional areas that
accumulate sediment over time. The sediment can be
deposited both slowly, such as during a spring melt when
high streamflow transports and deposits fine sediment on
the fan, or quickly, when a flash flood, HCF, or debris flow
transports sediment and debris to the fan.
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APPENDIX B: HELPFUL LINKS

Title

URL

USGS Post-Fire Debris Flow Hazard
Assessment Viewer

USGS Floods after Fires Fact Sheet
WGS Floods after Fires Fact Sheet

WGS Inundaciones Después
de Los Incendios Hoja Informativa

Washington Rain-on-Snow Zones

BAER Imagery Support Data
Download (Soil Burn Severity Maps)
WGS Wildfire-Associated Debris
Flows Page

WGS Post-Wildfire Debris Flow
Dashboard

Northwest Radar

NWS Seattle Forecast Office

NWS Spokane Forecast Office

https://www.arcgis.com/apps/dashboards/c09fa874362e48a9afe7943212efebfe

https://pubs.usgs.gov/{s/2022/3078/£s20223078.pdf

https://www.dnr.wa.gov/publications/ger fs_alluvial fans.pdf

https://www.dnr.wa.gov/publications/ger fs_alluvial fans esp.pdf

https://data-wadnr.opendata.arcgis.com/datasets/wadnr::rain-on-snow-fp/about

https://burnseverity.cr.usgs.gov/baer/baer-imagery-support-data-download

https://dnr.wa.gov/washington-geological-survey/geologic-hazards-and-
environment/wildfire-associated-debris-flows
https://wadnr.maps.arcgis.com/apps/dashboards/e7feaba37d1649fa828e38159dd567c2

https://atmos.uw.edu/current-weather/northwest-radar/
https://www.weather.gov/sew
https://www.weather.gov/otx
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Plate 1: 2026 Chelan Hills Fire Extent, Alluvial Fans, WALERT Assessment Sites, and Roads
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Plate 2: USGS Post-Fire Hazard Modeling for the 2026 Chelan Hills Fire
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Plate 3: Soil Burn Severity for the 2026 Chelan Hills Fire
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