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Olympia, WA 98504-7007 

  

KEY POINTS 

 Mostly privately owned land was impacted and burned at predominately low soil burn severity with some areas of moderate 
and high soil burn severity in canyons of dense conifers along and above Harker Canyon. 

 Debris flow models indicate mostly moderate and low debris flow hazards exist as a result of this fire. 

 Access roads (Mill Canyon Road N.) and homes on alluvial fans may be impacted by flooding, excess sand, and debris that 
wash out of the drainages during intense rainstorms. Preparing and maintaining road drainage systems may be necessary. 

 Rockfall hazards were identified along Harker Canyon Road and Arrowhead Bay Drive. 

INTRODUCTION 

A Wildfire-Associated Landslide Emergency Response Team (WALERT) assessment was conducted to evaluate the potential risk 
posed by flash floods and debris flows from the Western Pines Fire in Lincoln County, Washington. Wildfires can significantly 
change the hydrologic response of a watershed so that even modest amounts of rainfall can produce dangerous flash floods and 
debris flows. Increased runoff, flash floods, and debris flow hazards may remain elevated for several years after the fire. 

WALERT assessed the wildfire burn scar and the area downslope of it to determine whether debris flows or flooding could 
impact infrastructure, structures, and other areas where public safety is a concern. Field reconnaissance was performed as part of 
this assessment on September 2, 2025. WALERT collected the following observations as part of the post-fire hazard assessment: 

 Documentation of past debris flow activity based on field observations and interpretation of historical orthoimagery. 

 Alluvial fan mapping from lidar to identify the potential runout zones of stream runoff, flooding, and debris flows. 

 A soil burn severity map based on multispectral satellite data calibrated with field observations. The soil burn severity 
map was provided by the National Park Service (NPS). 

 Computer model predictions of post-fire debris flow hazard based on a model developed by the U.S. Geological Survey 
(USGS) 

This report summarizes these observations and provides WALERT’s assessment of the post-fire hazard posed by excess 
stream runoff, flooding, and debris flows to regions within and downstream of the wildfire burn scar. The assessment includes a 
discussion of hazards posed to specific infrastructure and WALERT’s recommendations for the scope of future monitoring and 
mitigation strategies. 

The assessment was performed as part of an emergency response with the intent to produce a rapid report for decision-
makers, land managers, landowners, and other interested parties. The findings in this report are qualitative and should be used as a 
tool to help identify where more detailed investigation is needed. Quantifying the risk to infrastructure and determining specific 
mitigation activities requires a site-specific investigation by a qualified engineering geologist.  

WILDFIRE OVERVIEW 

The Western Pines Fire started on July 9, 2025, and burned 5,781 acres along the southern bank of the Spokane River in Lincoln 
County, Washington (National Interagency Fire Center, 2025). A report from July 15 stated that 21 primary structures were lost to 
the fire (defined as homes, cabins, or RVs) and 30 secondary structures were lost (defined as garages, sheds, barns, or other 
similar buildings (McGever, 2025). 

Portions of the Western Pines burn area were previously affected by the 2005 Harker Canyon Fire (1,557 acres) and the 2018 
Angel Springs Fire (5,050 acres) (Washington State Department of Natural Resources, 2023).  

 The burn area comprises land owned by the Washington State Department of Natural Resources, National Park Service 
(Lake Roosevelt National Recreation Area), US Bureau of Land Management, and private land (Table 1).  



2     WALERT Report—2025 Western Pines Fire 
 

 
 

Table 1. Ownership distribution of burned area. 

Land owner/manager Acres Percent of burned area 
Private  5,111.7 88 
State Government (DNR)    459.7   8 
Federal Government (NPS & BLM)    209.6   4 
Total  5,781 100 

Geography, geology, and climate 

The topography of the area affected by the Western Pines Fire is dominated by Harker Canyon and Mill Canyon, which are both 
approximately 1,000 feet deep and run from south to north where they drain into the Spokane River (Plate 1). Numerous small 
tributary drainages cut into the sides of the canyons and many of these flow onto alluvial fans at their outlets into Harker Creek 
and Mill Creek.  

The bedrock geology in the area is variable. In the western portion of the burn scar around Harker Canyon the bedrock 
comprises basalt flows and other volcanic rocks including tuff, breccia, and andesite (Becraft and Weis, 1963). The eastern 
portion of the burn scar around Mill Canyon contains a mix of the same volcanic rocks and metamorphic schist and gneiss 
(Becraft and Weis, 1963). Throughout the burn scar, in many places the bedrock units are covered by glacial lake sediments, 
largely coarse sand (Becraft and Weis, 1963). These glacial sediments may be eroded and transported more easily than bedrock, 
particularly following vegetation loss after a fire. 

The climate in the area is continental. A weather station in Davenport, WA, 10 miles south of the Western Pines Fire, records 
average summer month highs of around 80 °F, winter month highs of around 32 °F, and an annual average of 14 inches of 
precipitation (National Oceanic and Atmospheric Administration, 2025). Although most of the precipitation falls in the winter, 
convective summer thunderstorms are not uncommon. Vegetation in the area is mostly grassland, with isolated groves of 
ponderosa pine, especially in Harker Canyon and on north facing slopes. 

Soil burn severity  

To help assess areas where potential soil erosion and debris flows may occur, we use a soil burn severity (SBS) map that 
incorporates pre- and post-fire satellite data and field observations of post-fire soils to map the spatial variation in soil burn 
severity within the fire perimeter. For this fire, the National Park Service performed field validation of the satellite data to 
generate the SBS map. These maps can be helpful for landowners and land managers to quickly assess the area to focus 
vegetation and forestry recovery efforts. If you need assistance accessing or analyzing the SBS data, please contact us and we can 
provide some support. Their maps and reports may be available online at: https://burnseverity.cr.usgs.gov/viewer/?product=NPS 

SBS mapping indicates that approximately 429 acres (7.4%) of the area affected by the Western Pines Fire was unburned, 
3,979 acres (69.5%) experienced low soil burn severity, 1,282 acres (22.4%) experienced moderate soil burn severity, and 35 
acres (<1%) experienced high soil burn severity. Note there is a slight discrepancy of 25 acres in total acres burned between the 
National Park Service and the National Interagency Fire Center data. 

The high burn severity areas are concentrated in Harker Canyon, which has the densest concentration of coniferous trees in 
the burn perimeter (south of Site 7), and in a limited area in the drainage along Mill Canyon Road N. (above Site 3). 

U.S. Geological Survey (USGS) post-fire debris flow hazard assessment 

The USGS provided a post-fire debris flow modeling assessment for the Western Pines Fire that incorporates SBS data from the 
NPS (King and others, 2025). The USGS modeling data is available through their website 
(https://landslides.usgs.gov/hazards/postfire_debrisflow/) by clicking on “Post Wildfire Debris Flow Hazard Assessment 
Dashboard” under the Related Links section. 

The USGS post-fire debris flow model estimates debris flow volume, likelihood, and a combined hazard rating that 
incorporates both likelihood and volume. The modeling is performed at the scale of both individual hydrologic drainage basins 
and streams, and the results are generated for a range of design rainfall intensity values between 16 mm/hour to 40 mm/hour 
sustained over a 15-minute period. Here we will discuss the model results for the Western Pines Fire in terms of combined debris 
flow hazard for hydrologic basins, given a design rainfall event of 24 mm/hour sustained over a 15-minute period (approximately 
one quarter inch in 15 minutes). The model output provides three different combined hazard ratings: low, moderate, and high. We 
focus our assessment on locations where the hazard ratings are most often moderate or high and where public safety and 
infrastructure could be at risk. If you need assistance accessing or analyzing the debris flow assessment data, please contact us 
and we can provide support.  

The USGS modeling indicates that there are primarily low and moderate debris flow hazards in drainages throughout the 
burned area. Notably, most of the residential properties are in proximity to moderate and low debris flow hazard areas (Sites 1 and 
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2). None of the burn area has been modeled as a high combined debris flow hazard. Most of the moderate debris flow hazard 
basins are located within the western portion of the burn area, within Harker Canyon. 

It is important to note that the USGS debris flow model does not consider the effect of rain-on-snow events in recently 
burned areas. Debris flows and flash floods may occur during rain-on-snow or rapid snowmelt events that may not meet predicted 
rainfall thresholds. 

OBSERVATIONS AND INTERPRETATIONS 

WALERT conducted a field assessment on September 2, 2025. Pre-field remote review of available lidar and aerial imagery 
included mapping alluvial fans within and downstream of the burned area, searching for evidence of historical debris flow events, 
and locating any potential structures or infrastructure at risk. This remote evaluation identified 133 alluvial fans. 

Aerial imagery taken before and after the 2005 Harker Canyon Fire and 2018 Angel Springs Fire was inspected to 
investigate previous flooding, erosion, and debris flow activity following past wildfires in the same area as the Western Pines Fire. 
Significant loss of grasses, shrub vegetation, and isolated timber stands are clear in aerial imagery following both fires. However, 
the only evidence of erosional activity observed from imagery is what appear to be rill and ravel erosional marks on the west side 
of Mill Canyon following the 2005 Harker Canyon Fire. No evidence of flooding or debris flows could be definitively identified 
from imagery anywhere in the burn area following either the 2005 or 2018 fires, but we did not interview residents about previous 
flooding after fires during our reconnaissance in the area. 

Mill Canyon Road N. and Arrowhead Bay Drive (Site 1) 

Private parcels along Mill Canyon Rd. N. and access to NPS recreational waterfront occupy an alluvial fan along the Spokane 
River (Plate 1; Site 1). Several structures on the fan surface were destroyed by the fire, though the house pads remain and will 
likely be sites for future development. Bedrock cliffs extend 20–30 feet tall adjacent to the apex of the fan and could have a 
slightly elevated rockfall hazard until vegetation re-establishes. The drainage basin erodes through glacial outwash deposits and 
the composition of the fan is dominantly poorly sorted coarse sand. The drainage above the bedrock cliffs shows evidence of earth 
work to remove sand from a roadway that obstructs the dry channel which we observed to be loaded with sand. The debris flow 
modelling for this basin indicates a moderate hazard (Plate 2) and the abundant loose sand in the channel suggests high potential 
for sediment delivery to the alluvial fan during periods of intense precipitation and flooding in years after the fire. 

Arrowhead Bay Dr. does not intersect the alluvial fan and is not at risk of debris flows after the fire. However, the road 
crosses beneath steep slopes with bedrock exposures that present a potential rockfall hazard as vegetation holding back boulders 
may have burned and will continue to decay, reducing the ability to hold rocks on the hillside. Ongoing rockfall may be a problem 
in locations with nearby steep bedrock cliffs. Site specific evaluation of loose rocks above residences is advised.  

Moccasin Trail N. cabins (Site 2) 

The fire destroyed many of the cabins on Moccasin Trail N. There are several house pads on a broad alluvial fan that extends into 
the Spokane River (Site 2) and is primarily composed of glacial outwash sands. The sand is raveling into the channel and there is 
no culvert or berm to direct flow from this channel during rain events. At the apex, where the channel loses confinement above 
the fan, there is a 1-ft-tall retaining wall structure that may deflect minor flooding and sediment from inundating the residents of 
the alluvial fan. Though the modeling for this basin indicates a low debris flow hazard (Plate 2), there is abundant source material 
in this drainage and nothing designed to re-route sediment that moves through the catchment, suggesting excess sediment may 
need to be cleared regularly after spring snowmelt and following periods of intense rainfall.  

Mill Canyon Road N. fans (Sites 3–6) 

Mill Canyon Rd. N. is the only road access for residents and crosses several fans with creek crossings. At Site 3 there is no culvert 
but rather a 10–15-ft-wide shallow ditch alongside where the road crosses a smooth and vegetated fan with a dry channel 
containing subrounded cobbles in a sandy matrix. The basin has a moderate debris flow hazard according to the modeling (Plate 
2) and any flooding or sediment that is not retained by the ditch could cover or wash out the roadway.  

The remaining drainages to the south that cross Mill Canyon Rd. N. have a low debris flow hazard according to the 
modeling. Where drainage channels cross the road we observed three that had 18–30-inch culverts (Sites 4, 5, and 6 on map 
plate). Many of the channels were dry with little evidence of recent flow, and one of them had active flow and water accumulation 
between the base of the slope and the roadway (Site 5 on map plate). The culvert at this site was partially damaged and filled with 
sediment. The road appeared to have fine-grained sediment accumulation and it appeared that there was recent work to widen or 
clear material from the road. These sites could experience increased sedimentation on the roadway from spring snowmelt or 
intense precipitation events that may cut off access for residents and visitors. 
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At several sites on the east facing hillside above the northern section of Mill Canyon Rd. N. between labelled points, we also 
observed rilling in the soils that suggests the hillside has already experienced elevated erosion following the fire that may 
continue until vegetation recovers. 

Harker Canyon Road N. (Sites 7–10) 

At Site 8 we observed a new cabin at the apex of a small fan along Harker Canyon Rd. N. The basin that drains to this fan has a 
low modeled debris flow hazard (Plate 2) and much of the basin above was burned with low soil burn severity according to the 
SBS data. 

Near Site 9 Harker Canyon Rd. N. crosses alluvial fans sourced from three different basins. At Site 9 the road crosses a faint 
channel with no culverts or evidence of recent flow. The basins draining to this point include approximately half of the total burn 
area that was burned with high and moderate soil burn severity and modeled as having a moderate debris flow hazard. This area 
could experience flooding, sediment, and debris during and after intense precipitation events. 

We did not visit the area north of Site 9, but a review of aerial imagery shows some structures on alluvial fans. There are 
basins within the canyon with moderate and high soil burn severity and moderate debris flow hazard. 

Structures near Site 10 are built on or near the alluvial fans downstream of basins with moderate debris flow hazard and 
below areas with some high soil burn severity. Access to the area from the north and south could be impacted by sediment and 
flooding as some basins are modeled as having moderate debris flow hazard (Plate 2) and some of the area was burned with both 
high and moderate soil burn severity. 

Rockfall is also a consideration along Harker Canyon Rd. N. as vegetation holding back rocks may have burned and will 
continue to decay, reducing the ability to hold rocks on the hillside. Ongoing rockfall may be a problem in locations with nearby 
steep bedrock cliffs. 

SUMMARY AND RECOMMENDATIONS 

This WALERT assessment suggests that debris flows, flash flooding and increased runoff may present a risk to public safety and 
could impact infrastructure during periods of intense precipitation or rain-on-snow following the Western Pines Fire. 
Infrastructure of primary concern includes, but is not limited to, residential structures, roads, and culverts. An elevated risk of 
post-fire debris flow and flooding is present for structures and infrastructure that are on or intersect with alluvial fans and stream 
channels. Based on this elevated risk, we make the following recommendations: 

 Mill Canyon Rd. N., the main access road to residences and to Spokane River recreation areas, could be blocked during 
and after intense rainstorms due to additional sediment and debris being washed off the burned area. Residents and 
contractors should be aware of this and travel through the canyon could be hazardous if flooding occurs. 

 People accessing Harker Canyon should be aware of the potential for flooding and debris flows. Managers of 
transportation networks and private landowners should be aware of the increased likelihood of flooding, sediment 
transport and deposition, and (or) erosion impacts following wildfires. We recommend inspecting culverts within 
channels draining areas impacted by the fires both before and after storm events. Blocked culverts can cause additional 
flooding and damage, which could otherwise be minimized. 

 Sites 1 and 2 had many structures destroyed by the fire in areas at risk of future flooding or excess sedimentation. This 
should be a consideration prior to rebuilding. Preparing the drainage to divert water and sediment away from 
homes/recreational sites may be helpful in reducing damage to property should an intense rainstorm occur in the coming 
years.  

 Debris flows and sediment moving off the burned area may be elevated for several years after the fire, until vegetation 
can regrow and stabilize the soil. Landowners should be made aware of this as they make plans for recovery and 
rebuilding. Plans for dealing with additional sedimentation and flooding will be necessary if/when intense rainstorms 
occur, or rapid snow melt occurs in the spring. 

 Evaluation of loose rocks no longer stabilized by vegetation above homes may be needed to reduce impacts to structures 
and people in those structures. 

For more information on how to stay safe when at risk from debris flows, please consult our Floods After Fire pamphlet and 
the USGS’s fact sheet with safety tips relating to post-fire debris flows (links in Appendix A below). Landowners needing advice 
and assistance with recovery and or reforestation can connect with resources at the After the Fire Washington website: 
https://afterthefirewa.org/. 
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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. Not all areas or hazards were evaluated. We encourage 
landowners, land managers, and those potentially at risk from post-wildfire hazards to consult qualified professionals for site-
specific analysis of geological hazards and flood risk and prepare accordingly. 
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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 in 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 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. 
 
Information flyers about alluvial fan hazards are available on our website in both English and Spanish 
 https://www.dnr.wa.gov/publications/ger_fs_alluvial_fans.pdf 
 https://www.dnr.wa.gov/publications/ger_fs_alluvial_fans_esp.pdf 
 The USGS’s fact sheet on post-fire debris flows safety: https://pubs.usgs.gov/fs/2022/3078/fs20223078.pdf   
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Washington State Dept. of Natural Resources 
Olympia, WA 
Cell: 360-902-1488 
Email: Kate.Mickelson@dnr.wa.gov 
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