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Introduction

On 24 December 2025, persistent heavy rainfall associated with a strong atmospheric river
triggered significant flooding and sediment-laden flows in the eastern San Gabriel Mountains,
San Bernardino County and Los Angeles County, California. The storm produced widespread
flooding in areas not influenced by fire, such as Lytle Creek, but this report focuses on impacts
to the community of Wrightwood where many of the upstream watersheds were burned in the
2024 Bridge Fire. We limit our assessment on Wrightwood based on its unique history of
flooding, reports of extensive flood damage following the 24 December 2025 storm, and the
potential that postfire effects may have influenced the runoff response and partially contributed
to the observed impacts.

In general, the flood flows in Wrightwood resulted in overtopped drainage channels, flow path
avulsions that inundated roadways, residences, and businesses, and significant channel scour
and bank erosion that undermined Highway 2 and several creek-side structures. As a result of
the damage, the California Geological Survey (CGS), the San Bernardino County Public Works
(SBCPW), and the Los Angeles County Public Works (LACPW) conducted field-based
observations and documentation of the flow characteristics, damage, and inundation extent.
Field work was performed on 28-29 December 2025 (CGS), 24 December 2025 — 1 January
2026 (SBCPW), and 30 December 2025 (LACPW). Triggering rainfall intensities from nearby
rain gauges, radar imagery, and associated runoff response were documented for the storm
event.

In this report we provide a description of the physical characteristics of the impacted area, a
summary of historic flood and debris flow events, and a discussion on state and local
government assessments performed following the Bridge Fire. We also provide a discussion on
the storm event and runoff response, including maps illustrating flow paths and inundation
extents.

Study Area

Wrightwood is located on the north side of the San Gabriel Mountains on the border between
San Bernardino and Los Angeles Counties (Figure 1). The town is situated within Swarthout
Valley at an elevation of about 6,200 feet (1,190 m). Swarthout Valley is a mountain valley that
formed along the trace of the San Andreas fault, which parallels the valley’s axis, and is
bounded to the northeast and southwest by rugged, forested terrain and steep-walled canyons,
particularly those that descend Blue Ridge on the south side of the valley. Wrightwood has a
population of about 4,700 and access is provided by Highway 2 that traverses the north side of
Swarthout Valley.

Our assessment of storm impacts was largely focused in the Wrightwood community, generally
between Sheep Canyon (also known as Slovar Canyon) to the east and Flume Canyon to the
west and is designated as the “Study Area” on Figure 1. Data was collected along the mainstem
channel (Swarthout Creek) paralleling Highway 2, which drains the upper portion of Swarthout
Valley to the west, and along flow paths from four principal drainages (from east to west: Sheep,
Heath, Acorn and Flume canyons) that flow northeasterly from Blue Ridge through Wrightwood
and into Swarthout Creek. Except for Sheep Canyon, each watershed was either entirely or
partially burned during the 2024 Bridge Fire and are now in the second year of recovery



following fire. Heath and Acorn canyons were largely burned at low severity. Flume Canyon was
burned at low to moderate severity. Tributary watersheds to Swarthout Creek to the west of
Wrightwood were burned at low, moderate, and high severity (Figure 1).
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Figure 1. Overview map of the Wrightwood area and a portion of the Bridge Fire.



Geology

The San Gabriel Mountains are part of the Transverse Ranges Geomorphic Province. The San
Gabriel Mountains are roughly bounded to the north by the San Andreas fault where it passes
through Swarthout Valley and to the south by reverse faults of the Sierra Madre-Cucamonga
fault complex that forms along the foothills separating the mountains from the Los Angeles
basin. The San Andreas fault zone makes a large left bend across the Transverse Ranges
oblique to the overall plate movement that generates a zone of compression and corresponding
significant uplift within the San Gabriel Mountains (Kellogg and Minor, 2005; Morton and Matti,
1993).

The bedrock units in the vicinity of our study area include: 1) Precambrian igneous and
metamorphic rocks, composed of gneiss and quartz diorite, that underlay Table Mountain on the
north side of Wrightwood and north of the San Andreas fault; 2) undifferentiated pre-Cretaceous
metamorphic rocks that underlay Blue Ridge and Wright Mountain south of Wrightwood, and 3)
Quaternary nonmarine deposits that infill low-elevation areas within Swarthout Valley and
include recent alluvium (Qal) comprised of fine-grained (silt to cobble size) fluvial deposits and
coarse-grained (sand to boulder size) alluvial fan deposits (Figure 2). Much of the built
community of Wrightwood is founded on alluvial deposits within Swarthout Valley and its
tributary canyons including Heath, Acorn and Flume canyons. More detailed geologic mapping
of the area is provided in Morton and Miller, 2006.

The basement igneous and metamorphic rocks readily form steep slopes and are strongly
overprinted by fracturing due to deformation and uplift along the San Andreas fault, and thus are
prone to rockfall, talus slope formation, and shallow and deep-seated landslide processes. The
Pelona Schist (a Cretaceous to Paleocene metamorphic rock) is mapped south of Wrightwood
(Morton and Miller, 2006; Dibblee, 2002) and is associated with active landslides on the
northeast flank of Blue Ridge and Wright Mountain. Rapid uplift and highly fractured rock within
the San Gabriel Mountains result in steep, highly erodible slopes that generate some of the
highest sediment yield rates in California (Minear and Kondolf, 2009).
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Figure 2. Geologic map of the Wrightwood area. Note that the fire perimeter on this map marks the eastern edge of
the Bridge Fire.



Hillside Morphology

The hydrologic, geologic, and tectonic characteristics in the vicinity of Wrightwood make the
area subject to debris flow and debris flood hazards. The area is characterized by rapid uplift
and highly fractured rock driven primarily by the interaction between the seismic activity
associated with the San Andreas fault and the exposure of highly-weathered Pelona Schist
mapped south and west of Wrightwood (Dibblee, 2002). The Pelona Schist is a rock unit with
well-known slope stability problems because of the platy structure, compressibility, and mica-
rich composition that inhibits vegetation growth on steep slopes. During periods of intense
storms and rapid snowmelt, the Pelona Schist generally yields a supply of fine sediment and
debris (dominantly silt to cobble size) in source watersheds and is known for generating mud
and debris flows' (Morton and Sadler, 1989; Morton and Kennedy, 1979; Morton et al, 1979).

Alluvial fans observed in the Wrightwood area downstream of steep confined drainages of high
relief and denuded headwall swales suggest ongoing surface erosion and mass wasting. Relict
channels and observed matrix-supported debris deposits across fan surfaces in some areas
indicate a history of debris flows, independent of postfire conditions (see discussion below on
Historic Record of Past Flow Events). However, increases in postfire runoff and fine sediment
delivery into channels can amplify the likelihood for in-channel mud and debris flow initiation
(Palucis et al., 2021; DiBiase and Lamb, 2020).

Historic Record of Past Flow Events

The Wrightwood area has a history of destructive flooding and debris flow events, often
triggered by intense thunderstorms, heavy winter rains, or spring snowmelt. Significant,
recurring events have partially inundated portions of the town, particularly impacting areas near
Sheep, Acorn, and Heath creeks. Major flows have been recorded in 1938, 1941, 1965, 1969,
1978, and most recently in 2023 following tropical storm Hilary. Flooding and debris flow events
within the Wrightwood area were largely not associated with wildfire (Morton and Campbell,
1974; Caltrans District 8, 2020).

' Postfire flow types occur on a continuum ranging from flood flows to hyperconcentrated, or sediment- and debris-
floods, to mudflows and debris flows. The distinction between flows along this continuum is made based on the
volumetric sediment concentration and grain size distribution, as described in Gorr et al. (2024), Hungr et al. (2001),
Church and Jakob (2020), and Pierson (2005 a,b)). Characteristics differentiating the two end members, flood flows
and debris flows, are adapted from Hungr et al. (2001), and Pierson (2005b), and are summarized as:

Flood flows — closely resemble normal streamflow with sediment concentrations less than 20% by volume, bedload
transport composed of sands to cobbles and have predictable Newtonian fluid behavior.

Debris floods (hyperconcentrated flow) — rapid, surging flow that is heavily charged with debris and sediment.
Suspended sediment composed of sand-sized particles is common with bedload transport composed of cobbles to
boulders. Approximately Newtonian flow behavior with 20% to 60% sediment concentration by volume. Transient
debris dams of boulders and woody material are common.

Debris flows — rapid, surging flow composed of a slurry of sediment and water with suspended gravels and boulders.
Less predictable non-Newtonian flow behavior with sediment concentrations of >50% by volume. Has the ability to
cause catastrophic damage from burial and impact that can infill and divert streams, and destroy automobiles,
buildings, and infrastructure.
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1938: A rain on snow event in the spring of 1938 resulted in debris flows and mudflows that
inundated portions of Flume, Acorn, Heath and Sheep canyons (DWR, 1976).

1941: Mudflows are reported to have occurred daily for more than a week in May 1941 due to
rapidly melting snow in source watersheds within the Heath Canyon drainage. The surging
fronts were comprised of a “slimy gray cement-like” mud and a bouldery snout formed at the
front of more viscous surges (Sharp and Nobles, 1953). The total mudflow volume was
estimated at 917,000 cubic meters (cm) (1.2 million cubic yards (cy)) (DWR, 1976).

Figure 3. 1941 flow event showing home in the Wrightwood area inundated by mudflows (left) with the consistency
of ketchup exiting Heath Canyon (right).

1965: Debris flows sourced from Heath and Sheep canyons caused extensive inundation and
widespread damage to residences and roads (Figure 4). Debris volumes were estimated at
350,000 cm (455,000 cy) in Heath Canyon and 92,000 cm (120,000 cy) in Sheep Canyon. The
flows were the result of prolonged heavy rain in November 1965 (DWR, 1976).
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TWO HOMES on south side of Thrush Road, looking from the back
side where mud and rocks hurled themselves around and through to
continue down Thrush Road toward the highway. '

Figure 4. Homes inundated with debris during 1965 flow event along Heath Creek near Thrush Road (left) and
Sparrow Road (right).

1969: Mudflows originating in the upper reaches of the Heath Canyon drainage occurred over a
40-day period in May and June of 1969. The flows were the result of rapid thawing of heavy
snowpack combined with debris from recent movement of the Wright Mountain landslide in 1967
and 1968 (Morton, 1974). The mudflow volume was estimated at 153,000 cm (200,000 cy) with
deposition being contained within flood control channels (Morton et al., 1979).

1978: Mudflows and debris flows originating in the Heath Canyon drainage impacted
Wrightwood in May 1978. The flows again were the result of rapid snowmelt combined with
debris from the Wright Mountain landslide. Video footage and images posted by the Wrightwood
Historical Society (WHS, 2023) show viscous surges with bouldery fronts and structures
inundated with large cobbles and boulders. Thrush Road and the Highway 2 bridge over Heath
Creek were heavily impacted.

2023: Tropical Storm Hilary triggered widespread flood flows and debris flows in southern
California, including impacts in Wrightwood. Caltrans video captured flooding with mobilized
debris along Sheep Creek at Highway 2. Subsequent observations by CGS personnel
documented that debris from watery debris flows had overtopped the Highway 2 bridge at
Sheep Creek and slightly overtopped the bridge on this creek at Lone Pine Canyon Road. Slight
overtopping also occurred at the Highway 2 bridge over Heath Creek.

Bridge Fire
Watershed Emergency Response Team (WERT)

The Bridge Fire burned 54,878 acres in the San Gabriel Mountains between 8 September 2024
and 3 October 2024. The occurrence of widespread moderate to high soil burn severity on
steep, upland slopes meant that parts of the Bridge Fire and downstream areas were subject to
postfire hazards such as sediment-laden flooding, debris flows, and increased erosion. Due to
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the potential for increased postfire runoff hazards and proximity of the Bridge Fire perimeter to
residential areas (including Wrightwood) and critical infrastructure, the burn area was assessed
by an interagency Watershed Emergency Response Team (WERT). The WERT report?, dated
24 October 2024, presents the results of a rapid evaluation of postfire watershed conditions and
postfire hydrologic and geologic hazards related to human life-safety and property collectively
known as Values-at-Risk (VARSs).

Soil Burn Severity

The initial field assessment by the WERT was conducted using a Burned Area Reflectance
Classification (BARC) map that was field validated and edited in collaboration with soil scientists
from the USFS Bridge Fire BAER team to create a Soil Burn Severity (SBS) map of the burn
area.

Within the Bridge Fire footprint, 36 percent of the area was burned at low, 41 percent at
moderate, 13 percent at high and 9 percent at very low/unburned soil burn severity. Just under
1 percent of the burned area produced no data. The majority of the watersheds above the
Wrightwood area are occupied by mixed conifer forest (Cal Fire, 2024). Soil burn severity in
watersheds to the south of Wrightwood was predominantly very low to low in the Acorn Canyon
and Heath Canyon drainages, and low to moderate in the Flume Canyon drainage (Figure 5).
Watersheds to the west of Wrightwood (and east of Big Pines) that drain into Swarthout Valley
were burned largely at moderate with some low and high.

Postfire Hydrology

Peak flows can increase following wildfire due to reduced vegetation, surface cover, infiltration
rates, and the formation of water repellent soils. The largest peak flows occur during intense,
short duration rainfall events on watersheds with steep slopes (Neary et al., 2005). Four
watersheds, or “pour points”, were selected by the WERT to estimate potential postfire peak
flow increases to VARs from debris flood to debris flow hazards in the Wrightwood area (Figure
5) assuming a 2-year recurrence interval storm event. These pour points (PP) represent
locations of elevated flood and debris flood hazards to private and public roads and residential
structures.

The WERT estimated the relative magnitude in runoff from prefire to postfire conditions
immediately following fire, as outlined in the WERT report (Figure 5). Results show that PP #1
(West Wrightwood), PP #2 (Flume Canyon), and PP #4 (Hwy 2 crossing @ Wrightwood) all had
“high” anticipated postfire responses, with PP #3 (Acorn Canyon) being slightly less concerning
with a “moderate” anticipated postfire response.

Wrightwood Area Values-at-Risk (VARS)

Several VARs were identified in the Wrightwood area by the WERT and by SBCPW and LACP,
including residential and commercial structures located on alluvial fan surfaces downslope of
steep burned drainages, structures adjacent to Swarthout Creek, State Highway 2, and
associated culverts and crossing structures. Channels on the fans in Flume Canyon and Acorn

2 The Bridge Fire WERT report is available for download from the California Geological Survey’s Burned Watershed
Hazards Program web page:
https://www.conservation.ca.gov/cgs/documents/publications/wert/Bridge_Fire_ WERT_FINAL_10242024_ADA.pdf
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Canyon were observed to flow adjacent to structures with no observable drainage structures in
many locations. The proximity of the structures to drainage channels suggested that the
structures may be impacted by bulked and overtopping flows due to postfire conditions.
Additionally, several flow paths were observed to intersect Highway 2 with no observed
drainage structures. Culverts and other drainages along the highway were found to be at risk of
overtopping. VAR locations in Wrightwood identified by the WERT are shown in Figure 6 and
generally aligned well with observed flood and debris flood impacts.

Year-1 postfire storm response

Within 7 months following the containment of the Bridge Fire, the slopes above Wrightwood
were impacted by a 13 February 2025 storm that resulted in 60-minute rainfall accumulations of
about 0.7 inches in the town of Wrightwood. At higher elevations (above ~1900 m), the
precipitation fell as snow, covering the hillslopes and causing minimal runoff to occur. Another
storm impacted the region on 13 March 2025 and also fell as snow in the upper portion of the
watersheds. The snowpack persisted into April 2025 (NOHRSC, 2026) and may have minimized
soil erosion and channel scour during these storms. Decreased erosion of loose, postfire
sediment from hillslopes and channels due to these cold, snow-dominated storm events in the
first winter following the Bridge Fire may have influenced the runoff response during the 24
December 2025 storm event.

14
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Figure 5. Burn severity statistics of pour points in the Wrightwood area. Reproduced from WERT report.

15



[ Bridge Fire Perimeter
© \Values at Risk - Points

Values at Risk -
:I Polygons

M ' DC??;monga
Los Angeles EcHe Ontario

anta-Monica Cg i A Vs
OUNTAIN I TS j 3
e ‘q_\\\\

-
. BUEORD
b CaN Y ON
. . wwiiz
4f o \d .-
B iy
A=Y
y ™y &
%
w2
e e Wl 288 WW_27
= L Ww 29
. . . 1
—— 4
4

L =
a 7~
5 .‘:,{Eﬂ%
A INE:C NY
NE»P/-' Z
N - 4!
4 BLUE RIDGE
[ /"
D‘V' -
f, <
s t <
. S b
ooy, '- SANYO 5“%
A ey “ A/
- i Q/O . -\ a b, i
G, L o \ %
1 5 it g o =

Figure 6. Values at risk (VARs) in the Wrightwood area, as identified in the WERT report.

16



24 December 2025 Storm Event

The 24 December 2025 storm that impacted Wrightwood and surrounding region was
associated with a frontal system featuring a strong atmospheric river that moved across
southern California, resulting in prolonged periods of intense rainfall over the San Gabriel
Mountains (Figure 7).

Figure 7. Radar image from 7:20 PST 24 December 2025, shows a broad area of moderate-to-heavy rainfall along
the San Gabriel Mountains as the atmospheric river passed over the area. Source: California Nevada River
Forecast Center.

To assess rainfall conditions associated with the observed debris floods, we sourced hourly to
sub-hourly rain gauge data from San Bernardino County (https://sanbernardino-iridium.trilynx-
novastar.systems/novastar/operator/map), Los Angeles County
(https://dpw.lacounty.gov/wrd/rainfall/), and various agency/personal weather stations via
Synoptic (https://synopticdata.com/). As data were sparse in the Wrightwood area, we
additionally sourced data from Weather Underground personal weather stations
(https://www.wunderground.com/wundermap). During this storm, the San Bernardino County
rain gauge (Wrightwood FS, 9026) station experienced delayed data transmissions resulting in
some data points as accumulations over durations longer than five minutes. Though it is not
typical practice to rely on personal weather stations for event analyses due to uncertainty in
their equipment, siting, and maintenance, we found the general precipitation characteristics
(peak intensities, accumulation) at the Weather Underground station closest to 9026,
KCAWRIGHT45, to track well with 9026. We use KCAWRIGHT45 to display timeseries
characteristics in Figure 8 and present peak intensities from both stations in Table 1. Most
Weather Underground stations go offline at approximately 16:00 PST, likely associated with a
power outage. Thus, we cannot calculate accumulations for durations longer than ~12 hours for
these stations.
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Wrightwood area.

Water Year-to-Date precipitation accumulation prior to the event was approximately 200 mm (8
inches) in the Wrightwood area, with the most recent storm occurring only days prior. This
substantial antecedent and recent rainfall suggest favorable conditions for enhanced runoff.
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Figure 9. Timeseries of 15-, 30-, 60-min and 3-hour rainfall intensity and rainfall accumulation (updated in 5-
minute increments) on December 24 from Weather Underground station KCAWRIGH45. Note station went offline
at approximately 16:00, though rainfall tapered off at this time.

Rainfall began in Wrightwood just before midnight December 24 and intensified into the morning
hours. Peak rainfall intensities occurred during the 3-hour period from approximately 5:00-8:00
LST. Rain rates were persistent over this 3-hour period (Figure 9); 15-, 30-, and 60-min rates
remained steady around 30-40 mm h™'. The peak 15 min intensities had an Average Recurrence
Interval (ARI) of ~2-5 years, 30 min ~4-8 years, and 60 min ~10-20 years (Table 1), per NOAA
Atlas 14 precipitation frequency data. At the 3-hour duration, intensity drops slightly to ~25-35
mm h™', though ARIs, are much higher, ~30-100+ years (Table 1). Local officials received the
first reports of flooding at approximately 7:30 LST, following nearly two hours of heavy rainfall
well after the peak 15- and 30-min intensities observed around 5:30-6:30, and prior to the peak
3-hour intensity that occurred just after 8:00 LST. Thus, the runoff response appears to correlate
best with rainfall rates over a duration of about 60 minutes, which would roughly equal the time
of concentration for several of the tributary drainages upgradient of Wrightwood, and have an
ARI of about ~10-20 years (Table 1).
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Table 1: Rain rate (mm h™') and Average Recurrence Interval (ARI; years) for five stations in the Wrightwood and Big
Pines areas (see Figure 9) at the 15-, 30-, 60-minute and 3-hour durations. ARIs are interpolated from values
provided from the NOAA Atlas 14 Precipitation Frequency Data Server (https://hdsc.nws.noaa.gov/pfds/) using the
methods of Staley et al. (2020). Stations with IDs beginning in “KCA” are Weather Underground stations, 9026 is
operated by San Bernardino County, and 83B is operated by Los Angeles County.

Station ID 15min | ARl |30 min | ARI 60 min | ARI 3 hour ARI
KCAWRIGH45 | 41.7 3.2 |38.6 6.6 33.3 12.3 31.2 67.8
9026 46.7 4.6 |39.1 7.4 33.5 12.9 28.9 49.3
KCAWRIGH63 | 41.7 3.3 |40.1 8.5 36.1 18.6 34.1 127.5
KCAWRIGH54 | 36.6 2.2 | 315 3.4 27.2 5.6 26.6 31.2
83B (Big 40.6 3.8 |30.5 5.3 24.4 8.0 22.4 54.8
Pines)

Not shown here, as they occurred after the flood response of interest, the peak 6-hour and 12-
hour rates were more extreme than the shorter durations. At the 6-hour duration, rainfall
intensity was ~22-27 mm h™" with ARIs spanning ~100-200 years, and at the 12-hour, ~17-21
mm h™" with ARIs spanning ~100-400 years. The 24-hour total from the Wrightwood Fire Station
(9026) was 258.1 mm, an ARI of 91.7 years.

Postfire Recovery

As previously discussed, the estimated postfire runoff response immediately following the
Bridge Fire ranged from moderate to high for the four pour points associated with the
Wrightwood area (Figure 5). However, postfire effects influencing runoff generally diminish with
time as burned watersheds recover. Postfire recovery is often tracked remotely using monthly
composite Leaf Area Index (LAI) estimates derived from MODIS satellite data (e.g., Graber et
al., 2023). For each of the four watersheds draining to the pour points, we computed the mean,
median, and first and third quartiles of LAI for the month of November from 2018 through 2025,
to characterize the state of the vegetation in late fall of each year. We repeated this computation
for an unburned area southeast of Wrightwood of similar vegetation and morphology as the pour
point watersheds (Figure 10A). Though a small fire-induced perturbation to LAl is evident in the
first November following fire (2024 ), LAl was similar to or higher than prefire levels by November
2025 (Figure 10B-F). This can likely be attributed to the precipitation received in winter 2024-
2025 and early fall 2025, and to the low soil burn severity in a large portion of the watersheds,
which already had a high fraction of minimally vegetated rock and colluvium before the fire. This
postfire recovery analysis indicates that perturbation due to the Bridge Fire may have been of
low importance for generating the 24 December 2025 flow event. This finding is supported by
the occurrence of localized flooding and debris floods in unburned watersheds, such as Lytle
Creek, near Wrightwood.
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Figure 10. A: Overview map showing the four analyzed watersheds, the unburned control area, and the Bridge Fire
perimeter. B: Boxplots of Leaf Area Index (LAl) for November 2018-2025 in the unburned control area. C-F: Boxplots
of LAl for November 2018-2025 in the four pour point watersheds. In Panels B-F, the approximate time of the Bridge
Fire is shown as a vertical red dashed line and mean LAl values are shown as black squares. Note: the yearly ticks
correspond to November of each year.
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Field Observations

CGS, SBCPW, and LACPW staff were deployed to collect data and make observations of
inundation extent and flow characteristics, and to conduct damage assessments resulting from
the 24 December 2025 flood impacts. Impacts were observed and documented on 28-29
December 2025 (CGS), 24 December 2025 — 1 January 2026 (SBCPW), and 30 December
2025 (LACPW). Where possible, data collected included inundation extent, depth of deposits,
evidence for flow type, damage to structures, water crossing (culvert) blockages, and areas of
avulsion. Where possible, data collected included inundation extent, depth of deposits, evidence
of flow type, damage to structures, water crossing (culvert) blockages, areas of avulsion and
paths of transport and erosion. Observations and documentation of impacts were made within
developed areas along Sheep Creek, Heath Creek, Acorn Canyon and Flume Canyon
drainages, and Swarthout Creek downslope of the source watersheds. It should be noted that
drainage channels and major crossing structures, particularly along Sheep and Heath Creeks,
had been significantly cleared of debris to re-establish conveyance capacity at the time of the
field assessments.

Sheep Creek

No significant impacts or flow path avulsions are known to have occurred along the Sheep
Creek drainage within the study area. There was no field evidence of a debris flow and County
video footage at Lone Pine Canyon Road suggests initial surges consisted of woody debris-
flood flows.

At the Lone Pine Canyon Road crossing, thick aggraded bedload deposits were observed in the
channel at the arch culvert inlet with about 1.75 meters (5.74 feet) of remaining maximum
vertical capacity (Figure 11). Debris had accumulated behind grade breaks upstream of the
bridge but there were no indicators that the culvert was plugged or of overtopping flows.
Moderate bank erosion was prevalent downstream of the culvert (Figure 11) and very minor
bank erosion was observed upstream of the culvert where the channel was less confined.

Figure 11. Sheep Creek at Lone Pine Canyon Road with downstream view of arch culvert crossing structure (left)
and downstream view of channel showing moderate bank erosion (right).
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At the Highway 2 crossing, evidence of rocky sediment transport was observed in Sheep Creek
but there were no indications that the bridge crossing was plugged or overtopped. At the time of
field observations, crews were actively clearing deposits from the channel with a large excavator
upstream of the bridge crossing and using the sediment to crudely rebuild the eroded bank
slopes. Bank erosion on the upstream side of the crossing incurred during the storm event was
obscured by the active earthworks (Figure 12). On the northern downstream side of the
crossing, at the confluence with Swarthout Creek from the west, significant bank erosion was
observed on the east bank of Sheep Creek and on the south bank of Swarthout Creek.

Figure 12. (Left) Sheep Creek at Highway 2 with downstream view of bridge crossing. (Right) Downstream view of
erosion on the east bank of Sheep Creek at the confluence with Swarthout Creek from the west, which undermined
and over-steepened the channel bank, resulting in tension cracks indicative of incipient bank failures.

Heath Creek

No significant impacts are known to have occurred along the Heath Creek drainage within the
study area. Inundation was observed locally at the Thrush Road crossing where the drainage
loses confinement, and on Outer Highway 2 South road adjacent to the east bank of Heath
Creek, just upstream of the Highway 2 crossing. Field and video evidence provided by SBCPW
suggest flows along Heath Creek were mostly flood to debris flood flows that entrained and
transported a large volume of bedload.

The small, culverted crossing at Thrust Road was plugged and inundated with sediment up to
the road surface elevation at the time of our observations. SB County photos taken on Dec 26
show thick, aggraded deposits of cobbles, small boulders and woody debris mostly contained
within the channel and crossing over Thrush Road (Figure 13). Finer sediments accumulated on
the eastern approach to the crossing, inundating a portion of Thrush Road about 24 meters (80
feet) to the east. On the south side of the inundated area, up to 0.7 meters (2.3 feet) of fine
sediment accumulated against a chain link fence that lined the front yard of a residence and at
the driveway entrance. On the north side, up to 1.1 meters (3.6 feet) of sediment accumulated
above and behind k-rails placed along the edge of the road for residence protection. Some of
the sediment overtopped the k-rail barrier and spread into the front yard area. No structures
appeared impacted at this location.
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Figure 13. (Left) View looking west along Thrush Road across Heath Creek on 26 December 2025; photo courtesy
of SB County. Aggraded deposits can be seen within the channel and fine sediment deposits inundating the roadway.
(Right) Heath Creek at Thrush Road with view of channel and crossing looking upstream following channel cleanup
on 28 December 2025.

At the Highway 2 crossing, coarse sediment transport was observed in Heath Creek and there
was evidence that the conveyance capacity of the box culvert was briefly exceeded, leaving thin
sandy deposits on the road surface and against the downgradient eastern guard rail (Figure 14).
It appears that these flows extended to Old State Highway 2 West, which is adjacent to the
south side of the east abutment. The western terminus of this roadway was inundated with thin
deposits of sand and gravel though no structures are known to have been impacted.

. . _. (gl : _-In,_-é,
Figure 14. (Left) Heath Creek at Highway 2 with downstream view of rocky debris at box culvert inlet. (Right)
Upstream view from crossing following channel cleanup. Photos taken on 28 December 2025.
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Acorn Canyon

Significant flood flows and debris floods impacted Acorn Canyon and were generally
concentrated in two locations.

The first location is positioned on the northwest side of the canyon and includes small volume
debris flows, debris floods, and flood flows exiting drainages to the northwest, causing damage
to residential structures situated along flow paths at the outlets of a few of the side-canyon
drainages (Figure 15). As flows exited the tributary drainages on the northwest side of the
canyon, they were intercepted, concentrated, and redirected to the north along Acorn Drive.
Field evidence indicates that considerable scour and entrainment of sediment and debris
occurred along the margin of Acorn Drive as the flows progressed north down the road. Near
the intersection of Mockingbird Road, the flows in Acorn Drive lost confinement, allowing
deposition of sediment and debris to fan out. At this location the flows bifurcated, sending flows
down a channel to the northwest and down Acorn Drive to the northeast. Flows observed
extending down the channel to the northwest wove between residential structures, scouring and
entraining additional sediment between Mockingbird Road and Lark Road to the north (Figure
16). Near the intersection of Mill Road and Lark Road, the flows again fanned out and deposited
sediment and debris, causing impacts to residential structures between Lark Road and Apple
Avenue, with the most significant impacts observed along Edna Street (Figure 16) where up to
about 1 meter (3.3 ft) of sediment was observed against residential structures.

Figure 15. Homes near the upper end of Acorn Drive inundated by small debris flows / debris floods.
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Figure 16. (Left) Inundated homes along north side of Edna St at T-intersection with Mill Rd. (Right) Back garage
at home on Edna St inundated with 0.6 m of deposits and flood waters that reached front door threshold.

The second location of impacts within Acorn Canyon occurred on the southeast side of the
canyon where the main channel exits the mountain front and flows into a small, shallow
drainage near the intersection of Twin Lakes Drive and Pheasant Road. Where the channel
crossed Twin Lakes Drive at Pheasant Road, aggraded, rocky (up to 40 cm) and woody debris
buried the street and inundated homes. Property line fencing was destroyed, and damage was
observed to timber deck supports on one home and a garage door on another home (Figure
17).

Figure 17. Overtopping flows in shallow channel inundated homes and roads in the vicinity of Twin Lakes Dr at
Pheasant Rd.

Further downstream west of Pine St, between Mockingbird Road and Robin Lane, a decrease in
the channel gradient resulted in significant sediment aggradation and gradual accumulation over
the course of the storm event. Several homes, vehicles, and roads were inundated with up to 2
meters (6.6 feet) of sediment containing up to large cobble-sized debris (Figure 18). The
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deposits thinned out as the flows approached Robin Lane. No obvious structural damage to the
impacted homes was observed. North of Apple Avenue the flow path transitioned eastward to
Pine Street and the decrease in channel gradient to the north resulted in some sediment
aggradation. The frontage area of structures along the east side of Pine Street, between Apple
Avenue and Evergreen Road, were inundated with a thin, fine layer of sediment with woody and
pebble- to cobble-size debris. Flows continued downstream along Pine Street, merging with
flows from the west along Highway 2.

Figure 18. Homes inundated with aggraded deposits of fine sediment and small cobbles between Mockingbird Road
and Oriole Road, just west of Pine Street.

Flume Canyon

In the Flume Canyon area debris flood impacts were observed along Cardinal Road, which was
a primary flow path down the canyon and across the fan deposits. No significant impacts are
known to have occurred along Flume Canyon Road or within and adjacent to the engineered
drainage channel that parallels Cardinal Road to the east. At the top of Cardinal Road debris
floods along several flow paths sourced from small upstream watersheds inundated several
homes and portions of the road with deposits of coarse sediment (Figure 19). At the upper, west
end of Cardinal Road a small debris fan was deposited across the base of a steep driveway and
spread across the upper end of the road, onto a neighbors’ driveway and up against their
garage door. Sediment consisted mostly of weakly stratified Pelona Schist with debris up to 25
cm (10 in) diameter. Two additional flows inundated homes with up to 1.5 meter (5 ft) of rocky
debris on the south side of Cardinal Road (Figure 19), thinning out across the road and spilling
over into the front yard areas of residences on the north side of the road.
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Figure 19. (Left) Debris fan from small drainage at top of Cardinal Road inundated driveway and damaged garage
door. (Right) Home on south side of Cardinal Road inundated with up to 1.5 meter of debris.

Debris floods continued down Cardinal Road, where minor erosional features and sediment
deposition were observed along the edge of the road surface. At the northern end of Cardinal
Road, between Swallow Hill Drive and Swarthout Creek, a decrease in the road gradient
resulted in sediment aggradation and inundation of the road and front yard areas of several
homes with up to about 25 cm (10 in.) of muddy sand to small cobble-sized debris (Figure 20).
Flows continued into Swarthout Creek.

Figure 20. (Left) Home on east side of Cardinal Road at Swallow Hill Drive inundated with fine sediment. (Right)
View of inundated area at Cardinal Road and Swallow Hill Drive looking north toward Swarthout Creek crossing.

Swarthout Creek and Highway 2

Significant flood flows, debris floods, and erosion impacted the Swarthout Creek and Highway 2
corridor through Wrightwood. Swarthout Creek drains a large, burned watershed west of
Wrightwood, as well as the Flume Canyon, Acorn Canyon, and Heath Canyon drainages before
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joining Sheep Creek on the east edge of town. Highway 2 generally parallels Swarthout Creek
through Wrightwood with a bridge crossing located just upstream of Spruce Street.

At Cardinal Road, primary flows from Flume Canyon came down the road and joined Swarthout
Creek. The crossing at this location consists of a shallow, double-barrel Corrugated Metal Pipe
(CMP) that was completely plugged. On the upstream side, the channel was filled with sediment
up to road grade and Cardinal Road was overtopped by flows. On the downstream side the
channel was eroded and the road slightly undermined (Figure 21). The area in the vicinity of this
crossing was inundated with sediment, including a portion of Highway 2, as a result of flows
from the west in Swarthout Creek, from the south along Cardinal Drive, and from the west along
Highway 2.

Wide 6146:5f]
number; 3536

Déc 26, 2025/8:55:38 AM
B320Cardinal Road
Wrightwood

San Bernardino County
California

Figure 21. Crossing at Cardinal Road and Swarthout Creek showing aggregated alluvium upstream and scour
downstream of the crossing (Left) that extends down gradient of the crossing (Right) (photos by SBCDPW).

East of Cardinal Road the flows heavily eroded both the north and south banks behind the sheet
pile bank protection. Heavy erosion on the north bank locally undermined the south side of
Highway 2. Heavy erosion on the south bank impacted residences on Mountain View Avenue
where the rear yard areas were eroded away and patio deck supports were undermined (Figure
22).

To the west of Spruce Street, primary flows paths from Acorn Canyon join Swarthout Creek, just
upstream of a box culvert crossing from the south side to the north side of Highway 2. The
culvert was overwhelmed and overtopping flows avulsed down Highway 2 to the east.
Additionally, due to channel infill with aggraded deposits and backwater effects on the upstream
side of the crossing, the channel overtopped the south bank and inundated adjacent property
and structures from Spruce Street to the intersection of Acorn Drive and Snowbird Road (Figure
23). Downstream of the crossing, the overtopping flows inundated Highway 2 and
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property/structures between the creek and the highway with aggraded deposits of sand and
cobbles up to about 0.5 meter (1.7ft) thick.

Figure 22. (Left) View looking east along Swarthout Creek showing channel erosion beyond the bank protection and
damage sustained to the south side of Highway 2. (Right) Swarthout Creek south side bank erosion and impacted
residences on Mountain View Dr.

Wrightwood

SanBerhardino County
California

Figure 23. (Top left) Box culvert inlet at Swarthout Creek crossing beneath Highway 2. (Bottom left) View looking
upstream from box culvert. Channel is almost completely infilled. Damaged guardrail in foreground. (Right) View
from box culvert looking upstream toward homes at the bottom of Acorn Drive.
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Flows continued down Highway 2 and rejoined Swarthout Creek in the vicinity of EIm Street. At
this confluence there was widespread inundation of businesses, homes, and outbuildings
situated on the alluvial terrace between the creek and Highway 2 (Figure 24). The debris
contained aggraded coarse deposits with small boulders (up to 0.75 m dia.) and woody debris
(up to 6.5 m by 0.4 m dia.). The debris floods entrained and partially buried several vehicles and
inundated the interior and exterior of homes with up to 2 meters (6.6 ft) of debris. Significant
structural damage was incurred to several homes and outbuildings. The deposits thinned out
toward the east as flows re-entered the channel.

Figure 24. Debris floods inundated homes and entrained vehicles between Highway 2 and Swarthout Creek in the
vicinity of EIm Street.

Farther downstream the flows produced significant channel bank erosion and bed scour. At a
hairpin curve in the channel the erosion severely undermined one home and eroded away a
large portion of the rear yard of the neighboring home (Figure 25). The flows also washed out a
large-diameter Reinforced Concrete Pipe (RCP) culverted crossing at Valley View Rd, which is
the only access to several residences on the north side of Swarthout Creek. Just downstream of
this crossing the steeply eroded bank is threatening the stability of several mobile homes that
are now precariously perched at the edge of the south bank.
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Figure 25. (Top leff) Home undermined by eroded bank along hairpin curve in Swarthout Creek channel. (Top right)
Valley View Road crossing over Swarthout Creek destroyed by flows. (Bottom left) Mobile homes lining the south
bank of Swarthout Creek threatened by bank erosion. (Bottom right) View looking downstream of bank erosion on
the east bank of Sheep Creek opposite of the confluence with Swarthout Creek.

32



Results

Flow Behavior

Flow behavior changes as a function of discharge, sediment concentration, grain size, and
woody debris entrainment. Flows with sediment concentrations greater than around 50% are
classified as debris flows and exhibit non-Newtonian flow rheology (Pierson, 2005a,b; Hungr et
al., 2001). Flows with sediment concentrations less than 20% are classified as flood flows
(roughly equivalent to hyper-concentrated flows) and exhibit predictable Newtonian behavior.
Debris floods, which may also exhibit non-Newtonian flow rheology depending on sediment
concentration, fall between debris flows and normal flood flows (Hungr et al., 2001). Based on
field data, photographs, and video footage of the event, flow behavior during the 24 December
2025 flow event consisted of both flood flows and debris floods, with local small debris flows.

The flood flows were turbulent, water-dominated (Newtonian) flows that mostly transported
sediment as channel bedload or in suspension near the channel. High velocity flood flows
produced significant, rapid erosion, particularly along Swarthout Creek. The debris floods were
also turbulent but contained a higher density mixture with a high concentration of suspended
sediment throughout the water column. Deposits with weak stratification and poorly sorted
materials were widespread, which are characteristic of debris floods. The sediment supply of
flood flows and debris floods commonly exceeded the transport capacity, particularly in low-
gradient channels and areas beyond channel banks where velocity decreased, resulting in the
observed widespread inundation with aggraded deposits.

Inundation Extent

Field observations in areas of pronounced inundation, scour, and deposition were photo
documented by field staff. Field-collected data were supplemented with lidar hill shade and lidar-
derived topographic contours to assist in mapping flow paths, particularly where physical
observations were not conducted or where the ground is obscured by vegetation and built
obstructions (homes, fences, out buildings, etc.). This information was used to map the
following:

o Deposit polygons: Approximate extent of debris flood inundation areas. In-channel deposit
polygons represent areas of aggraded deposits that remained following recessional flows;
aggradation in some channel areas could not be defined during the study due to modification
during cleanup efforts.

¢ Transport polygons: Known flow paths to inundation areas where no significant deposition
or erosional features were observed. These generally occurred along existing roads that acted
as conduits cross the fan deposits.

e Source polygons: Approximate extent of areas with in-channel bank erosion/collapse that
provided a significant volume of source material and contribution to sediment load.

¢ Flowline: Used to represent minor flow paths between mapped deposit and transport
polygons. Also used to illustrate flow paths from interpreted source areas that contributed to
small, discrete inundation areas in side-canyon drainages.
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The mapped polygons are provided in Appendix A and include a Map Index sheet and 22
detailed Map Sheets. Each map sheet illustrates deposit, transport, and source polygons and
flowlines, as well as CGS, San Bernardino County, and Los Angeles County field observation
points.

Sediment Source

Hillslope conditions were not observed during our field assessment. Based on the observed
volume of aggraded deposits compared to erosional features in the Acorn and Flume canyon
areas, it is inferred that sediment sourced during the flow event is a combination of both
hillslope and in-channel processes. Upstream watersheds impacted by the Bridge Fire contain
burned hillslopes with destabilized soils that are more susceptible to surface erosion from
raindrop impact and sheet flow. Additionally, landslide processes higher up in the watershed
that are common in this area, particularly in Heath and Sheep canyons where on-going
landslide activity is well-documented, provide a steady supply of sediment that can be recruited.
These conditions likely contributed to the initial mobilization of fine-grained sediments.

As the flood waters and debris floods moved downstream, increased runoff volumes and
velocities (potentially exacerbated by reduced infiltration in burned areas) resulted in increased
shear stress on channel banks and beds. Bank erosion/collapse and channel bed scour
contributed significantly to the sediment load and flow volume along Swarthout Creek. In Acorn,
Heath, and Sheep canyons, bank erosion/collapse and channel bed scour was observed at
several locations and likely contributed to the aggraded deposits observed in downstream areas
of inundation.

Summary and Conclusions

e The 24 December 2025 storm produced significant flood flows and debris floods in the
Wrightwood area at Sheep Creek, Heath Creek, Swarthout Creek, Acorn Canyon, and
Flume Canyon. The flows resulted in overtopped drainage channels, flow path avulsions
that inundated roadways, residences, and businesses, and significant channel scour and
bank erosion that undermined Highway 2 and several creek-side structures.

e Rain gauge data in the vicinity of Wrightwood indicate that peak rainfall intensities occurred
during the 3-hour period from approximately 5:00-8:00 LST. Rain rates were persistent over
this 3-hour period; 15-, 30-, and 60-min rates remained steady around 30-40 mm h™'. The
peak 15 min intensities had an Average Recurrence Interval (ARI) of ~2-5 years, 30 min ~4-
8 years, and 60 min ~10-20 years.

o Field response documenting storm impacts were conducted on 28-29 December 2025
(CGS), 24 December 2025 — 1 January 2026 (SBCPW), and 30 December 2025 (LACPW).

o Flows from Acorn and Flume canyons extended north along small drainages and roadways
that served as conduits, inundating adjacent structures, residential streets and Highway 2
before joining Swarthout Creek.

e Flows along Heath Creek were mostly contained in the flood control channel apart from local
inundation at the Thrush Road crossing and Outer Highway 2 South adjacent to the
upstream side of the Highway 2 bridge crossing.
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Flows along Sheep Creek were contained in the flood control channel within the study area.

Flood flows, debris floods, and erosion impacted Swarthout Creek through Wrightwood.
Several crossings were impacted, including the Highway 2 bridge crossing near Spruce
Street. Significant bank erosion undermined a portion of Highway 2 and several other
structures. Overtopping flows and flow path avulsions inundated Highway 2 and adjacent
properties and structures.

Based on field data, photographs, and video footage of the event, flow behavior during the
24 December 2025 event consisted of flood and debris flood flows with aggradation
occurring over the course of the event.

Values-at-Risk (VARs) in Wrightwood identified by the 2024 Bridge Fire Watershed
Emergency Response Team (WERT) generally align well with observed flood and debris
flood impacts in the study area. However, isolated areas of observed inundation not
identified in the WERT report did occur and were caused by intercepted and redirected flows
along Acorn Drive and Highway 2 that plugged and overtopped drainage structures resulting
in flow avulsion.

The postfire vegetation recovery analysis indicates that perturbation due to the Bridge Fire
may have been of low importance for generating the 24 December 2025 flow event. This
conclusion is also supported by observations of similar runoff response in unburned
watersheds of Heath and Sheep creeks.

Mapped inundation extents, sediment transport, and areas of extreme scour along channels
were identified in the field and mapped by CGS, San Bernardino County, and Los Angeles
County staff. In some locations, scoured channel banks were near vertical and exhibited
evidence of slope instability. Field observation points are provided in a photo log
documenting the flow event in Appendix A.

Debris volume estimation was not included in our storm response assessment. Rapid
cleanup efforts and flow behavior type (flood flows to debris floods) impeded any ability to
collect field measurements to accurately quantify debris volume. Post-event lidar data was
not acquired to estimate volume using lidar differencing.
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December 2025 Storm Response Whitewood Area, San Bernardino County and Los Angeles County

Appendix A — Mapbook of flow extents and photo
locations








































































December 2025 Storm Response Whitewood Area, San Bernardino County and Los Angeles County

Appendix B — Photo detail pages (CGS
observations)
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December 2025 Storm Response Whitewood Area, San Bernardino County and Los Angeles County

Appendix C — Photo detail pages (Los Angeles
County observations)























































































December 2025 Storm Response Whitewood Area, San Bernardino County and Los Angeles County

Appendix D — Photo detail pages (San Bernardino
County observations)
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