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EXECUTIVE SUMMARY

The primary objective of this report, prepared at the request of the Haywood County
Emergency Management Director, the County Engineer, and the County Erosion and
Sedimentation Control Officer, is to document the slope failure that occurred on January 7, 2009,
and characterize the relevant geologic conditions at the site. This information is provided so that
in the future, like conditions and circumstances at other sites can be recognized, and unnecessary
damage and threats to public safety from similar slope failures can be avoided.

A type of slope movement known as a debris flow totally destroyed the Donin residence
at 93 Wildcat Run Road near Maggie Valley around 01:00 a.m. on Wednesday, January 7, 2009
during a period of heavy rainfall. Material transported by the debris flow traveled downslope for
a total distance of approximately 800 feet. The track width of the debris flow ranged from a
maximum of about 120 feet to a minimum of about 40 feet. The debris flow buried a portion of
Wildcat Run Road necessitating a road repair by the North Carolina Department of
Transportation (NCDOT). Excavation waste had been previously placed on the slope in the
debris flow initiation zone, and erosion and potential sliding at that location had been identified
in a 2005 engineering report. A calculated estimate of the volume of in-place, earth material
evacuated by the debris flow in the source area, is approximately 1,428yd’, with native soil
making up about 904yd’, and excavation waste (i.e. fill) making up about 524yd’of the total
volume.

The debris flow likely initiated on steep slopes near the edge of the lower of two benches
excavated within a hillslope depression known as a colluvial catchment, a landform with soil
types and configurations typical of debris flow initiation zones. Soil and rock fragments that
make up the colluvial deposits in this catchment accumulated as they move downslope by gravity
driven processes that include soil creep, debris slides and flows. Bedrock fractures influence the
shape and orientation of the roughly wedge-shaped bedrock surface that defines the floor of the
colluvial catchment.

The Donin house was sited on pre-existing landslide deposits near a stream below steep
slopes, a landscape position that can be vulnerable to damage from debris flows and other types
of slope movements. Steep slopes on the order of 40 degrees, concave topography in the
colluvial catchment, and groundwater transmitted through bedrock fractures into the overlying
colluvial soil were factors contributing to the instability of the slope that failed on January 7,
2009. Placement of excavation waste that incorporated large woody debris onto this slope
increased the thickness of soil in the catchment. In general, increasing soil thickness in colluvial
catchments can contribute to their instability, as well as providing additional material available to
mobilize into debris flows. Decreases in root strength by removal of deep-rooted vegetation
such as trees can also contribute to slope instability in colluvial catchments. Tension cracks,
scarps and hummocky ground in areas that remain on the McAloon property indicate a continued
presence of unstable slopes and the potential for future debris slides and debris flows.

Rainfall on the order of 3.5 to 6 inches that fell over 47 hours, but mainly over a 30-hour
period during January 6 and 7, 2009, is considered to be the trigger for the Bear Trail debris
flow. To date, in Haywood County, only slope failures on modified slopes have been linked to
the January 5-8, 2009 rainfall event.



INTRODUCTION

Background. A type of slope movement known as a debris flow totally destroyed a home at 93
Wildcat Run Road near Maggie Valley around 01:00 a.m. on Wednesday, January 7, 2009
during a period of heavy rainfall. Haywood County Emergency Services (HCES) contacted Dr.
Kenneth Taylor, Chief of N.C. Geological Survey (NCGS), through the State Emergency
Operations Center around 03:30 a.m. on January 7, requesting assistance at the site. Dr. Kenneth
Taylor contacted Rick Wooten of the NCGS Asheville Regional Office who responded to the
request and arrived at the Maggie Valley Fire Department, and made contact with Greg Shuping,
Director of HCES, by about 06:00 a.m. that morning. At the scene NCGS staff consulted with
Mark Shumpert, County Engineer, Marc Pruett, Erosion Control Officer, and David Teague,
County Public Information Coordinator. As part of this investigation, NCGS staff members have
made numerous visits to the site and vicinity since January 7, 2009. The emergency response on
January 7, 2009, and subsequent monitoring visits to the site were made for the protection of life,
health, and safety. Documentation of the slope failure was a secondary objective.

This report is provided in response to a request from the Haywood County Emergency
Management Director, the County Engineer, and the County Erosion and Sedimentation Control
Officer that the NCGS document the slope failure, its impacts, and the geologic and geomorphic
conditions at the site and vicinity. This report is not a detailed forensic investigation to
document all the pertinent events and actions by various parties leading up to the January 7, 2009
slope failure. The primary objective of this report is to document the slope failure and
characterize the relevant geologic conditions at the site. This information is provided so that in
the future, like conditions and circumstances at other sites can be recognized, and unnecessary
damage and threats to public safety from similar slope failures can be avoided.

Site Location. The site is outside the town limits and extraterritorial jurisdiction of Maggie
Valley, and is under the jurisdiction of Haywood County (Figs. 1 and 2, location BT2009).
Coordinates near the debris flow initiation zone are: latitude 35.5002 North; and longitude
83.0738 West. The site is located on generally north-facing slopes below Eaglenest Ridge to the
south and Pine Tree Cove to the northwest (Fig. 2). The elevation is approximately 3,565 feet
above sea level at the top of the debris flow scarp. The debris flow track extends from the west
side of the property at 100 Bear Trail, downslope to Dogwood Drive, as shown in the
photographs included in Figures 3 and 4, and on the site and vicinity maps included as Figures 6-
10.

Summary of Investigation Methods. NCGS geologists made twelve visits to the site and
vicinity from January 7, 2009 through August 5, 2009. These visits were made to monitor the
site for any further or impending movement that could cause damage, collect field data and
samples, and to map the extent of the area affected by the debris flow. NCGS geologists
conducted geologic reconnaissance in the vicinity to confirm previous, smaller-scale geologic
mapping of bedrock and surficial deposits in the area by Hadley and Goldsmith (1963) and
Southworth and others, (2005). The following vintages of aerial imagery were used to observe
general site conditions over time: 1952 black and white aerial photography, 1993 black and



white orthophotography, 1998 and 2007 color-infrared (CIR) orthophotography; and, 2004, 2005
and 2008 color orthophotography. A shaded relief map and topographic contours developed
from a Light Detecting and Ranging (LiDAR) digital elevation model (DEM) flown in 2004,
were used to ascertain the configuration of site landforms as they existed prior to the 2009 debris
flow and construction activities at the McAloon and Donin properties.

NCGS geologists measured field developed cross sections at the debris flow site using a
100-ft cloth tape, clinometers, and Brunton compasses. Field data and measurements for the
cross sections were collected primarily on the following dates in 2009: January 9, 12, 13, 14, 26,
29; February 10; and, March 24. Horizontal and vertical control adjustments to the stations on
the field developed cross sections were made using a Trimble 4000SSE, survey grade dual
frequency GPS (global positioning satellite) receiver made available by the N.C. Geodetic
Survey, and a site survey performed by McAbee & Associates, Professional Land Surveyors, a
subcontractor to Bunnell-Lammons Engineering. The maps (Figs. 7-10) and cross sections
(Appendix A) included in this report are provided to help illustrate the characteristics of the site
and the 2009 debris flow; they are not intended for use as land survey maps and profiles.

The North Carolina Department of Transportation (NCDOT) Asheville Geotechnical
Unit performed soil classification and Atterberg limits tests on the collected soil samples in
accordance with AASHTO 2008 M145-91 (American Association of State Highway and
Transportation Officials, 2008). The laboratory soil classifications included in this report
(Appendix B), are in accordance with ASTM D2487-06 (ASTM International, 2006) as derived
from the NCDOT test results. NCGS geologists also classified soil samples in the field
according to ASTM D2488-09a (ASTM International, 2009). In addition to assigning standard
lithologic names to the rock, weathering descriptors were given in accordance with Williamson
(1984) as incorporated into ASTM D5878-08 (ASTM International, 2008).

DEBRIS FLOW CHARACTERISTICS

Type of Slope Movement. The slope failure involved the sliding and flowing of embankment
material and native soil. Such features are characteristic of a composite debris slide-debris flow,
as defined by Cruden and Varnes (1996). The composite name is used because evidence points
to sliding in the initiation zone in 2005 that predates the flow movement of January 7, 2009. For
brevity, the January 7, 2009 slope failure is referred to as a debris flow. The material deposited
by the 2009 debris flow, and the remaining, material remaining on the slope above the main
scarp of the 2009 failure, indicate that the displaced mass was debris-sized earth material made
up primarily of sand-sized grains, gravel- to boulder-sized rock fragments, and subordinate
amounts of silt and clay. The displaced mass consisted of native earth materials (primarily
colluvial soil); excavation waste placed on the slope; and, trees toppled by the debris flow.

Time of the January 7, 2009 Debris Flow. The Maggie Valley Fire Department reports that
they received the 911 emergency call for assistance at 01:41 a.m. on January 7. The residents of
93 Wildcat Run Road, Mr. and Mrs. Donin, were inside the house when the debris flow struck
without warning. They said it took about 30 minutes to free themselves from the wreckage of
the house, and to be spotted by a passerby who made the 911 emergency call for assistance. This



sequence of events places the approximate time of the slope failure around 01:10 a.m. Figure 3
shows the remnants of the Donin house destroyed by the debris flow.

Pathway, Damage and Impacts. The debris flow likely initiated on steep slopes at or just
below the edge of the lower of two benches in an area of excavation that extends east of the
McAloon residence towards the waterfall (Fig. 4). The main scarp of the debris flow is
approximately 80 feet wide at the edge of the lower bench. Sand- to cobble-sized sediment from
the debris flow traveled downslope as far as the inlet of a culvert on Dogwood Drive, a total
slope distance of approximately 800 feet. The width of the debris flow track varies from a
maximum width of about 120 feet in the vicinity of the Donin residence, to a minimum width of
about 40 feet below Wildcat Run Road.

The west edge of the Donin’s house stood approximately 6 to 10 feet from the stream
immediately to the southwest of the house. Mud, boulders, water and trees transported in the
debris flow crossed the stream before striking the house. A boulder transported by the debris
flow rests on the edge of the concrete foundation where the house once stood (Fig. 5). The
boulder measures approximately 12ft x 8ft x 5ft, and weighs in the range of 37 to 40 tons,
assuming a unit weight of 155-165 Ib/ft. The impact of the debris flow caused the house to
collapse with very little of the structure remaining intact. The detached roof of the house came
to rest about 150 feet down slope from its original location (Figs. 7-10). The entire contents of
the house including a vehicle in the basement garage were essentially total losses. The Donins
were taken to the hospital early on the morning of January 7 and were released that afternoon.
Mr. Donin was reported to have suffered a broken nose.

Rock fragments, sediment and downed trees transported by the debris flow buried a
portion of Wildcat Run Road at the stream crossing and damaged and displaced the culvert (Fig.
6). The debris flow deposit and the water it diverted onto the roadbed made the road impassable
by vehicles. The NCDOT replaced the culvert and rebuilt this segment of Wildcat Run Road in
the weeks following the debris flow. The debris flow also downed utility lines and a utility pole
along Wildcat Run Road.

Part of the debris flow continued downstream where rock fragments and sediment
blocked a road culvert on Dogwood Drive. The blocked culvert diverted water over the road and
threatened a home immediately below it. NCDOT crews cleared the culvert prior to 6:30 a.m.
on January 7, averting further serious damage; including possible additional debris flow activity
and flooding if the road embankment at the blocked culvert had failed.

The debris flow stripped essentially all the vegetation from the slopes along its path from
the initiation zone downslope to the Donin property and to an area just above the cut slope at the
Wildcat Run Road crossing. Downstream of Wildcat Run Road, deposition and erosion of
sediment was restricted primarily to the stream channel. To date, erosion continues to occur on
the unvegetated slopes above Wildcat Run Road.

Debris Flow Source Area and Volume Estimates. The area outlined by the main scarp and the
lateral scarps is considered to be the primary source area of earth materials that failed during the

January 7, 2009 debris flow (Fig. 9). The approximate dimensions of the source area are: length

— 125 ft; maximum width — 80 ft; and, maximum displaced mass thickness — 7 ft (measured



normal to slope). The initiation zone includes the area of the apparent greatest thickness of fill
on the slope (Fig. 11). Calculated estimates of the approximate, in-place volumes of earth
material evacuated by the debris flow in the source area are as follows:

1. Total volume - 1,428yd’
2. Native soil volume - 904yd’
3. Fill volume - 524yd’

These estimates do not include material entrained by the debris flow as it moved along its
path below the source area. Bunnell-Lammons (2009) estimated the total volume of earth
material involved in the failure to be from 1,000 yd3 to as much as 2,000 yd3 . Their estimate of
the volume of fill material was 150 yd®, considerably less than our estimate.

The above stated differences in the estimates of fill material involved in the debris flow
are not unexpected, given that there are many uncertainties regarding the actual configuration of
the ground surface, and the distribution and thicknesses of earth materials that existed at the site
prior to the January 2009 debris flow event. In addition, the graphic reconstructions of the pre-
failure ground surface by the NCGS relied on information from different sources that used
different data acquisition methods having varying positional accuracy. For these reasons the
volume estimates are only approximations.

The following method was used to calculate the respective volume estimates using
information from the NCGS cross sections; the site survey by McAbee & Associates
Professional Land Surveyors; and, the digital elevation model (DEM) derived from LiDAR
flown in 2004.

1. Post-failure ground surface profiles were constructed from NCGS field-measured cross
sections (Appendix A). Elevation and horizontal distances at NCGS cross section stations were
adjusted using survey data acquired from McAbee & Associates Professional Land Surveyors.

2. Profiles representing the 2005 preconstruction ground surface were constructed from
elevations derived from the 2004 LiDAR raw data points along NCGS cross section lines. For
reference, the N.C. Cooperating Technical State Flood Mapping Program (2006) reports that the
bare earth LiDAR points in the digital terrain model for Haywood County have a 3.28ft (1m)
horizontal accuracy and a 1.99ft (0.61m) vertical accuracy on forested slopes. The LiDAR
profiles were then adjusted vertically to match elevations of cross sections stations that were not
affected by the 2009 failure, or the 2005 construction and fill activities. In this way, the adjusted
LiDAR-derived ground profiles were used to approximate the shape of the 2004 ground surface
along the transverse cross sections prior to the placement of fill in 2005, and to approximate the
positions of the base of the fill along the cross section lines. The profiles of the tops of the fill
along each cross section were reconstructed graphically by taking into account the measured
thickness of fill on each side of the transverse cross sections, and the shape of the 2004 ground
surface.

3. The cross-sectional areas of the estimated extents of fill and soil material removed by the
2009 debris flow were determined for each transverse cross section. To obtain the volume of
failed material between adjacent transverse cross sections, the average of the two cross sectional



areas was multiplied by the horizontal distance between them. The resulting volumes calculated
between the cross sections were added together to determine the approximate total volume of the
material evacuated by the debris flow and to calculate the approximate proportions of native soil
and fill that make up the total volume.

PREVIOUS SITE CONDITONS

Haywood County Erosion and Sediment Control staff identified concerns about erosion
and potential slope instability at the McAloon property during a 2005 site visit. A July 29, 2005
report by Alpha Environmental Sciences, Inc. to Mr. McAloon (Alpha Environmental Sciences,
2005) stated that the area of the excavation that was benched from the house pad to the waterfall
“appears to be very unstable,” and that “this area will most likely continue to erode until the
slope gives way and slides.” Scarps and tension cracks visible in 2005 photographs provided by
Haywood County indicate that subsidence, and probably sliding, had occurred along the lower
bench in 2005. En echelon, arcuate scarps in the lower bench showed signs of vertical
displacement on the order of 2-6 inches, evidencing the development of a sliding surface or
surfaces within the soil on the slope. This part of the lower bench appears to coincide with part
of the lower bench area that that failed in the January 2009 debris flow.

Evidence at the site (Figs.11, 12) confirms discussions with Haywood County Erosion
and Sediment Control, and Engineering representatives that excavation waste from the house pad
for the McAloon residence was placed on the slopes below the lower bench. It is also possible
that material excavated to construct the benches was also placed on the slope below the lower
bench.

What, if any, modifications were made to the slope after the 2005 report by Alpha
Environmental Sciences, are not known. Observations on January 7, 2009 show that the
configuration of the lower bench was sloped to drain toward a drainpipe inlet on the west end. It
is not known if this grading and drainage work was done in response to the Alpha Environmental
Services report of 2005. Small, shallow slides had also occurred along the cut slope above the
lower bench in 2005. As of this writing, slope failures continue to occur along the upper bench
(Fig. 17).

The 2006 CIR and 2008 orthophotography show a break in the tree canopy corresponding
to the benched area, and the excavation waste disposal area below the lower bench. Photographs
taken by Haywood County during construction of the house at 93 Wildcat Run Road, and current
site conditions indicate that the benched and excavated area above the scarp, and the failed slope
were vegetated primarily with grasses and other low-growing vegetation types (Figs. 7, 15A).
Vintages of photography from 1952 through 2005 indicate that the debris flow initiation zone
and immediate vicinity had been forested at those times.

The construction permit for the house at 93 Wildcat Run Road was approved on
December 5, 2006. Construction was temporarily halted when Haywood County issued a stop
work order on January 18, 2007 for violation of trout stream buffer requirements. A trout stream
buffer variance was issued and construction resumed on May 16, 2007. Construction was



completed with the issuance of the final inspection and certificate of occupancy on November
15, 2007.

Exposures of the remaining excavation waste and soil on the McAloon property observed
during the investigation, and photographs of construction at 93 Wildcat Run Road indicate that
excavation for the house pad for the Donin’s residence was limited to the northeast side of the
creek. No evidence was found to indicate that excavation at 93 Wildcat Run Road undercut the
excavation waste or native soil on the southwest side of the creek below the debris flow initiation
zone.

No obvious and unambiguous signs of actual slope movement activity at the site that
predated the 2009 debris flow were observed in historical aerial imagery. Tension cracks and
scarps identified in 2005 and any other pre-existing scarps would have been too small to observe
in aerial imagery. Landforms indicative of the pre-existing, probably ancient, debris flow
deposits that extend into Pine Tree Cove are visible in the 2004 LiDAR shaded relief map
(Fig.10).

SITE CHARACTERISTICS

Geomorphology. The failed slope occurred within a colluvial catchment located in the
transition zone between a steep, source area upslope, and a large debris fan deposit downslope
that underlies most of Pine Tree Cove. Colluvial catchments, also known as colluvial hollows,
are unchanneled hill slope depressions where soil and rock fragments that form colluvial deposits
accumulate as they move downslope under the influence of gravity driven processes including
soil creep, and debris slides and flows. The ground surface profile of these catchments is
characteristically concave transverse to slope direction, as shown in Figs. 10, 11, and in cross
section F (Appendix A). The original (pre-2005 modification) ground slope, and the slope of the
overlying excavation waste are as steep as 40-45 degrees in the vicinity of the head scarp based
on clinometer measurements made at the site.

Bedrock structure controls the location and geometry of the colluvial catchment at this
debris flow initiation zone, much in the same basic way as it does at other documented locations
in the Blue Ridge Mountains of Virginia (Sas and Eaton, 2008), and in western North Carolina
(Wooten and others, 2008). The approximate perimeter of the upslope area of colluvial
catchment at the Bear Trail site is outlined in Figure 10. Bedrock-controlled topographic highs
form the east and west margins of the catchment, whereas bedrock fractures influence the
wedge-shaped configuration of the buried bedrock surface that floors the catchment. These
bedrock structures are described in more detail in the following section on bedrock.

Bedrock. Our field observations support the correlation of the exposed bedrock units with those
mapped by Southworth and others (2005) in the area as Late Proterozic rocks of the Copper Hill
formation within the Great Smoky group. Bedrock exposures in the scarp and in the immediate
vicinity consist mainly of interlayered metagraywacke and mica schist that are transitional with
schistose metagraywacke. Quartz and feldspar dominate in the metagraywacke layers with
subordinate amounts of biotite and muscovite. Biotite, and the usually more abundant



muscovite, are the predominant minerals in the schistose units, with garnet and kyanite present in
minor amounts. Crenulations (small scale folds) are common in the schist and schistose
metagraywacke layers.

Locally, quartz veins are also present. Of particular note is a quartz vein striking
northeast 50 degrees and dipping 65 degrees southeast at the contact with a schistose
metagraywacke that coincides with a spring discharge point near the base of the left lateral scarp
(Fig. 14). Field observations indicate this spring discharges from a bedrock fracture or fractures
at this location (see also the section on Groundwater and Surface Water).

The dominant bedrock foliation and compositional layering strikes northeast and dips
moderately to steeply to the southeast in the scarp area and nearby outcrops (Fig. 9). In the scarp
area dip values range from 48 to 72 degrees, with the southeast dip direction being inclined into
the slope. Fracture (joint) planes that are inclined out of the slope strongly influence the shape
and orientation of the roughly wedge-shaped bedrock surface that defines the floor of the
colluvial catchment, and the localized areas where the overlying soil mass detached from the
slope at the contact with the bedrock surface. Northeast-striking fracture planes that dip 50 to 60
degrees northwest are inclined out of the slope (Fig. 9). Northwest- and west-northwest-striking
fracture sets that dip 45 to 60 degrees northeast are also inclined out of the slope. Other fracture
sets present in the failure area strike northeast and northwest and dip steeply into the slope.

Bedrock exposed in the scarp is predominantly in the stained to partly decomposed
weathering states as classified in accordance with the Unified Rock Classification System
(Willimason, 1984, as included in ASTM, 2008). Where exposed by hand trenching and auger
holes, thin, discontinuous horizons of residual soil material composed of completely decomposed
bedrock locally occurs above partly decomposed bedrock and are transitional with overlying
colluvial soil deposits (cross section F, Appendix A).

Soil. Soil types and depths vary across the debris flow initiation zone and immediate vicinity;
however, they can be generalized as a sequence of colluvial deposits overlying bedrock, with
local areas of residual soil derived from completely decomposed bedrock between the colluvium
and intact bedrock. Bunnell-Lammons Engineering (2009) also reported colluvial and residual
deposits and fill at the debris flow initiation site on the McAloon property. Excavation waste
(fill) overlying the colluvial deposits is well exposed in the scarp of the debris flow (Figs. 11,
12), and on the slopes below the McAloon residence (Fig. 18). The contact between the
excavation waste and the pre-2005 ground surface is identifiable by a buried organic layer that
represents the ground surface at the time the waste was placed on the hillside. Fill material is also
visible piled up behind standing trees. Fill material contains logs and other large woody debris.
No evidence was observed to indicate layer placement or thorough compaction of the fill.

In the cut slope of the upper bench, at least two and probably three separate colluvial
deposits are present representing as many episodes of soil movement. Dark brown horizons with
organic content are interpreted to represent the boundaries between the successive units.
(Fig.13). Two colluvial units appear in the lateral and main scarp of the initiation zone. The
lower, older colluvial unit is characterized by the yellow-brown color of the soil surrounding the



rock fragments, whereas the overlying, younger colluvial unit typically has a medium brown soil
matrix (see cross sections in Appendix A).

It is possible that the site area contains fill material placed prior to the construction of the
McAloon residence at 100 Bear Trail. Soil unit CV5 shown on cross section J (Appendix A)
contains mottled soil and rotted logs indicative of rapid emplacement of soil either by slope
movements or human activity. Breaks in the canopy vegetation visible in the 1998 color-infrared
orthophotography indicate there may have been old logging roads the crossed the middle to
lower portion of the initiation zone. At this time the possibility cannot be ruled out that CVS5 is
fill or excavation waste from ground-disturbing activity that predates the 1998 orthophotography.

Eight colluvial soil samples, one January 7, 2009 debris flow deposit sample, and one
excavation waste sample collected by the NCGS were tested by the NCDOT Materials and Test
Unit in accordance with AASHTO (2008). All ten of the samples tested as non-plastic silty
sands (SM) with gravel and, locally, with cobbles. Figure 19 shows that the fractions of the
tested soil samples that pass the #40 sieve plot in the ML (low plasticity silt) field in the chart.
The liquid limit of this finer-grained fraction of the colluvial deposits ranges from 8 to 35 (Fig.
19), with all having a plastic index of 0. A sample of an older colluvial soil layer tested by
Bunnell-Lammons (2009) is also a silty sand (SM) with a liquid limit of 47, with a plastic index
of 10. It is not unusual to find variations in the plastic index of soil at similar sites elsewhere in
western North Carolina. The liquid limit represents the approximate interstitial water content
required for the soil to flow; and therefore, was probably exceeded during the January 7, 2009
debris flow event. Soil types with these general characteristics are typical of the debris flow
initiation zones mapped and tested in Macon County, North Carolina (Wooten and others, 2008).

Coarse-grained debris deposits from past slope movement activity are present below the
initiation zone and in the area of the Donin residence (Figs. 8, 9, 10, 15B, 16). These deposits are
transitional with the colluvial deposits observed upslope in the debris flow initiation zone. The
coarse-grained debris deposits outlined in Figure 10 are the upslope portions of the debris fan
deposits that extend into Pine Tree Cove. Debris deposits here and in Pine Tree Cove are
characterized by subangular to subrounded cobbles and boulders, some with maximum
dimensions of over 20 feet. Some of the boulder deposits beneath the Donin house site may be
past rockfall deposits originating from the rock outcrop located upslope and southeast of the
home site (Fig. 9).

Groundwater and Surface Water. A spring exposed in the scarp of the debris flow was
flowing the morning of January 7, 2009 (Fig. 14). The flow rate at this time was estimated to be
on the order of 3 gallons or more per minute. This spring was also observed to be flowing during
subsequent visits by NCGS staff to the site. General observations indicate that its flow increases
with increasing antecedent rainfall, and conversely, decreases with decreased rainfall. On more
than one occasion, flow from the spring was observed several days after the passage of rainfall.
Other areas within the main and lateral scarp area also show intermittent wet soil indicative of
seepage from bedrock fractures and/or seepage along the contact between soil and bedrock.

Ponded water or infiltration sites that could be a surface water source area for the spring
were not observed above the main scarp on the benches, or in the ditch line at the base of the cut



for either bench. At no time during field visits was water observed to be flowing from the black
corrugated drainpipe exposed in the scarp of the debris flow (Figs. 4, 11, 12B). This drainpipe
appears to be connected on an inlet on the west end of the lower bench.

OTHER POTENTIALLY UNSTABLE SLOPES

Areas of colluvium and fill exposed in the main and lateral scarps of the January 7, 2009
debris flow are oversteepened and potentially unstable. Alternatives for stabilizing these slopes
are contained in the report by Bunnell-Lammons Engineering (2009) submitted in accordance
with the Haywood County Slope Ordinance. The January 7, 2009 debris flow, and the cut slopes
used to construct the benches have removed some of the support for the soil deposits remaining
in the catchment upslope (Fig. 10), thereby further decreasing their stability. Scarps, ground
cracks, and hummocky, uneven ground indicate that unstable slopes remain along the right flank
of the debris flow (Fig. 17).

Small-scale debris slides and sloughing of soil material are present where the slopes of
the benches are cut into the colluvial soil units (Fig. 17). Other small, partially vegetated scarps
occur on the forested slope above the upper bench (Figs. 7-10), and their vertical offset is
generally 6-12 inches or less. Large woody debris incorporated into the excavation waste is piled
behind a tree below McAloon house (Fig. 18). Areas of subsidence and cracking of road fill
along the extension of Bear Trail Road below the McAloon house were also observed during the
course of the NCGS’s investigation.

All of the noted locations showing subsidence, scarps, ground breaks, and large woody
debris incorporated into fill material indicate the potential for future debris slides and flows to
initiate from these areas. The size, extent, and timing of any future damaging slope movements
are not known, but should they occur it would likely be in response to heavy rainfall events.

RAINFALL

The Bear Trail slope failure occurred during a rainfall event recorded during January 5-8,
2009. Figure 20 shows rainfall for the region compiled from rain gages from the Automated
Flood Warning System (AFWS), the Collaborative Community Rain, Hail and Snow
(CoCoRaHS) network, and the U.S. Geological Survey (USGS) recorded over the time period
from 02:00:11 a.m. on January 5, 2009 through 07:00-08:30 a.m. on January 8, 2009.

The USGS rain gages located at Lake Logan (approx. 10mi from Bear Trail) and the East
Fork of the Pigeon River near Canton (approx. 11.7mi from Bear Trail) indicate that the bulk of
the precipitation during the storm event occurred over a period of about 30 hours from shortly
before 00:00 a.m. on January 6 through about 06:00 a.m. on January 7, 2009 (Fig. 21). Just
prior to the time of the slope failure at Bear Trail, both USGS gages recorded a rainfall rate and
duration of about 0.25 in/hr for one hour.
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Figure 22 shows cumulative rainfall plots prior to the Bear Trail slope failure from the
AWES rain gages in Haywood County. The AWFS gage at Soco Gap recorded 3.52 inches of
rainfall over the 47-hour period preceding the slope failure, with a peak rainfall of about 3.00
inches recorded in the 23-hour period before the failure. It is possible that rainfall at the Bear
Trail site exceeded the amounts recorded at Soco Gap. The CoCoRAHS rain gage NC-HW-11,
located 2.6 miles southwest of Bear Trail, recorded 4.85 inches by 8:00 a.m. on January 7, about
7 hours after the slope failure. NC-HW-11 recorded the highest total amount recorded for the
event at 5.99 inches.

DISCUSSION

The Donin house site is located on pre-existing landslide deposits. Locations like these
where streams cut through pre-existing landslide deposits near their steep upslope source areas
can be vulnerable to landslide activity. Drainages and hollows are the pathways through which
debris usually moves from the upslope source areas to depositional sites on downslope debris
fans. For example, field studies in Macon County identified pre-existing debris deposits at all of
the 62 relatively recent debris-flow sites indicating that prior, and in many cases multiple, debris
flows had previously deposited material in those areas (Wooten and others, 2008).

Colluvial catchments are widely recognized features known to be initiation sites for
debris flows triggered by heavy rainfall in mountainous terrains in many parts of the world
(Kochel, 1987; Reneau and Dietrich, 1987; Crozier and others, 1990; Turner, 1996; Dunne,
1998; Casadei and others, 2003; Collins, 2008), including unmodified, forested slopes in western
North Carolina (Wooten and others, 2008). Because colluvial deposits in general are
accumulations of poorly sorted, unconsolidated material, they are prone to instability on steep
slopes. The stability of colluvial deposits is also sensitive to slope modifications by human
activity (Turner, 1996).

Deposition and evacuation of colluvium in catchments are cyclical. Debris flows and
slides periodically evacuate colluvium in catchments, and then the re-loading process begins
(Hack and Goodlet, 1960; Reneau and Dietrich, 1987; Dunne, 1998). The presence of multiple
colluvial horizons in the catchment at the Bear Trail site indicates that at least some of the
reloading process had taken place prior to the January 7, 2009 debris flow. The existence of
preserved, buried soil horizons with organic content in the catchment indicates the reloading
process here likely involved relatively rapid emplacement of material by slope movement
activity. The recurrence intervals of debris flows originating in individual catchments, however,
is not well understood. It can be on the order of every 2,200 to 3,500 years for individual
mountain basins, as has been determined in the central Blue Ridge of Virginia (Kochel, 1987;
Eaton and McGeehin, 1997). Determining the age of the carbon and charcoal fragments
preserved in the colluvial deposits exposed in the catchment at the Bear Trail site could provide
evidence for the recurrence intervals of past slope movement activity, as well as infilling rates of
the colluvium in the catchment.

Under naturally occurring conditions on unmodified slopes, the influx of colluvium from

upslope reloads a catchment leading to a relative decrease in the stability of the catchment over
time. From a hillslope processes perspective, the addition of earth material to a steeply sloped
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catchment by other means, such as placement of excavation waste, can also lead to unstable
conditions. In general, on steep colluvial slopes the likelihood of slope movement activity
increases with increasing deposit thickness (Crozier and others, 1990; Dunne, 1998). A decrease
in stability in catchments can also result from a reduced effectiveness of root strength.
Removing deep-rooted vegetation can cause this reduction, as does the thickening of soil
whereby the root density per unit volume of soil decreases as soil depth increases (Dunne, 1998).

The underlying causes of debris flows involve several factors like those observed at this
site including: steep, concave surface slopes; steeply inclined and concave or trough-like
bedrock surfaces beneath colluvial soil; the accumulation and thickening of colluvial or other
deposits in catchments over time; reductions in root strength; and groundwater transmitted
through bedrock fractures into the overlying colluvial soil. The groundwater observed to
discharge from a bedrock fracture in the scarp (Fig. 14) is taken as evidence that prior to the
debris flow, groundwater from this source likely contributed to the build up of destabilizing
excess pore water pressure along the soil-bedrock contact. Large woody debris incorporated
into the fill materials can also have destabilizing affects as it decays, leaving voids that decrease
the relative density of the overall soil mass and providing water infiltration pathways.

Heavy rainfall is a common triggering mechanism for debris flows in general
(Wieczorek, 1996), as well as debris flows related to the failure of fill slopes (Collins, 2008, and
Wooten and Latham, 2004). In Haywood County, only three slope movements (Bear Trail
debris flow, the Bear Creek Road debris slide debris flow, and the Rising Sun Road debris flow),
all of which are on modified slopes, have been linked to the January 5-8, 2009 rainfall event to
date. Rainfall on the order of 3.5 to 6 inches that fell over 47 hours, but mainly over a period of
about 30 hours period during January 6 and 7, 2009 is considered to be the trigger for the Bear
Trail debris flow. This same rainfall event is also considered to be the trigger for the nearby
Rising Sun Road debris flow (Fig. 20), that likely initiated in excavation waste placed on steep
slopes. It is not known if indications of instability or other slope movements had existed at the
Rising Sun Road site prior to the January 5-8, 2009 event. The Bear Creek Road site (Fig. 1) had
experienced instability prior to the January 5-8, 2009 rainfall event. Although further sliding
(i.e., down dropping) at Bear Creek Road was linked to the January 5-8, 2009 event, it did not
mobilize into a debris flow until possibly late February 2009 according to the property owner
(N.C. Geological Survey, 2009).

Ground subsidence, tension cracks and scarps on slopes like those on the benches on the
McAloon property in 2005 are signs that these slopes were unstable prior to 2009 as concluded
in the 2005 Alpha Environmental Sciences report. Similar features have been identified and
interpreted to be precursors to embankment failures that later mobilized into damaging debris
flows in western North Carolina (Wooten and Latham, 2004; N.C. Geological Survey, 2009) and
elsewhere (Collins, 2008).

CONCLUSIONS
e The January 7, 2009 Bear Trail debris flow transported on the order of 1,428 yd® or more of

source area sediment along the debris flow track and stream channel, and destroyed the Donin
house. Calculated estimates indicate that native soil made up approximately 904 yd® of the
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volume of material in the source area; with approximately 524 yd3 of excavation waste making
up the remainder of the source area material.

e The debris flow occurred in a bedrock-controlled colluvial catchment, a landform with soil
types typical of debris flow initiation zones. Steep slopes on the order of 40 degrees, concave
topography, and groundwater transmitted through bedrock fractures into the overlying colluvial
soil were contributing factors to slope instability.

¢ Placement of excavation waste that incorporated large woody debris onto the slope on the
McAloon property below the lower bench increased the thickness of soil in the catchment. In
general, increasing soil thickness in colluvial catchments contributes to their instability and the
amount of material available to mobilize into debris flows. Decreases in root strength by
removal of deep-rooted vegetation such as trees can contribute to slope instability in colluvial
catchments. Decomposition of woody debris over time in fill also creates void spaces and
provides avenues for ground water infiltration that can undermine the stability of the slope.

¢ The Donin house was sited on pre-existing landslide deposits near a stream below steep
slopes, a landscape position that can be vulnerable to damage from debris flows and other types
of slope movements.

¢ The findings of this investigation are consistent with the findings of slope instability
contained in the Alpha Environmental Services, Inc. report of 2005.

e Tension cracks, scarps and hummocky ground in areas that remain on the McAloon property
(Figs. 17, 18) indicate a continued presence of unstable slopes and the potential for future
debris slides and debris flows. The largest area of potentially unstable slopes is the
oversteepened scarp of the debris flow, a finding consistent with the Bunnell-Lammons report
of 2009.

e Rainfall on the order of 3.5 to 6 inches that fell over 47 hours, but mainly over a period of
about 30 hours during January 6 and 7, 2009 is considered to be the trigger for the Bear Trail
debris flow. To date, In Haywood County, only failed sites located on modified slopes, have
been linked to the January 5-8, 2009 rainfall event. Unstable conditions were reported to have
existed at the Bear Trail and Bear Creek Road sites prior to the January 5-8, 2009 event.
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FIGURES

Slope Movements and Slope Movement Deposits
Haywood County, North Carolina
September 18, 2009
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Figure 1. Map showing the location of the Bear Trail embankment failure-debris flow (BT2009) and the location of
other slope movement processes and deposit apex points in the NCGS database for Haywood County. Locations of
other recent damaging landslides are shown for reference: BCR2009 — Bear Creek Road embankment failure-debris
flow; RS2009 — Rising Sun embankment failure-debris flow; ENR2006 — Eaglenest Ridge embankment failure-
debris flow; HC2005 — Hunters Crossing slow-moving landslide; and, MV2003 — fatal embankment failure-debris
flow.
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Figure 2. Location map showing topographic and slope movement features in the vicinity of the January 7, 2009
Bear Trail embankment failure-debris flow. Red circles show initiation points of slope movements in the vicinity of
the Bear Trail site currently in the NCGS slope movement-slope movement deposit database. Designations in
parentheses correspond to those in Figure 1: (BT2009) Bear Trail embankment failure-debris flow; (RS2009) Rising
Sun embankment failure-debris flow; (ENR2006) Eaglenest Ridge embankment failure-debris flow; and, (MV2003)
embankment failure-debris flow. Slope movement deposits (orange) are mapped extents of pre-existing debris fan
deposits modified from Hadley and Goldsmith (1963). Lighter orange color denotes areas where these deposits
occur within Maggie Valley town limits. Perennial streams are shown in light blue. Map base is U.S. Geological
Survey 10-meter digital elevation model (DEM).
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Valley. B. Bottom. Photograph of the mud, rock fragments and woody debris deposited by the debris flow that
struck the upslope side of the Donin residence. January 7, 2009 NCGS photographs.
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Figure 4. A. Top. View looking upslope and southwest toward the scarp of the debris flow above Wildcat Run
Road. B.Bottom. View looking west-southwest toward the main scarp of the debris flow along the lower bench in
the slope. House in both photographs is at 100 Bear Trail Road. January 7, 2009 NCGS photographs.
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Figure 5. A. Left. January 9, 2009 photograph of lower part of a mud-coated boulder (upper left) transported by
the debris flow resting on part of the masonry foundation (right middle ground) of the Donin residence. B. Right.
January 29, 2009 view of the same boulder estimated to weigh approximately 40 tons. NCGS photographs.

Figure 6. View looking downstream at damage to Wildcat Run Road and the Donin residence (right). Water from
the creek flows over the debris flow deposit covering Wildcat Run Road. The green detached roof of the Donin
house rests on Wildcat Run Road to the right of where the debris flow deposit covers the road. January 7, 2009
NCGS photograph.
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Figure 7. Map of site and vicinity showing the track of the debris flow and nearby features. Map base is 2008
aerial photograph courtesy of Haywood County.
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Figure 8. Map showing contour lines and shaded relief of the upper debris flow area derived from the McAbee site
survey. Contour lines and shaded relief map outside the site survey derived from the 2004 LiDAR digital elevation
model (DEM).
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Figure 9. Map showing contour lines and shaded relief of the upper debris flow area derived from the McAbee site
survey. Contour lines and shaded relief map outside the site area derived from the 2004 LiDAR DEM. Also shown
are the NCGS cross section line locations (E, F, G, I, J, and M), soil sample locations, bedrock structural data, and
the area used in the debris flow source area volume estimation.
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Figure 10. Map showing contour lines and shaded relief of the area derived from the 2004 LiDAR depicting the
topography prior to the 2005 construction on the McAloon property and the 2006-2007 construction at the Donin
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Figure 11. Photograph showing concave ground surface profile of the colluvial catchments (dashed white line) on
the forested slope above the above the main scarp (see cross section F, Appendix A). Black arrows point to areas of
bedrock outcrop. Blue lines delineate exposures in the left lateral scarp of the top of the dark organic layer that
marks the contact of the pre-2005 ground surface with the overlying excavation waste placed on the slope. February
10, 2009 NCGS photograph.

Figure 12. A. Left. Black arrows point to contact between lighter brown excavation waste overlying the darker
brown pre-2005 ground surface. Hammer head is 7 inches long. Log buried in the waste material at top of
photograph is exposed in the left lateral scarp of the debris flow initiation zone. B. Right. Partially buried log
protrudes from excavation waste exposed in main scarp. January 9, 2009 NCGS photographs.
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Figure 13. White arrows point to the tops of darker brown soil horizons interpreted to mark the tops of successive
layers of buried colluvial soil horizons in the catchment (Figs. 10, 11) exposed in cut slope of the upper bench near
cross section E. The present ground surface is just above the top of the photograph. Black lines superimposed on
the tape measure mark 1-foot increments. March 24, 2009 NCGS photograph.
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Figure 14. A. Top. Photograph of spring discharge (white arrow) in the debris flow scar on January 7, 2009.

B. Bottom. Close-up view of spring discharge on January 9, 2009 from a bedrock fracture (left of hammer handle)
at the contact between a quartz vein and schistose metagraywacke bedrock. Hammer is 13 inches long. NCGS
photographs.
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Figure 15. Photographs of residence under construction at 93 Wildcat Run Road. A. Left. Grassed slope that
failed in the January 7, 2009 debris flow is visible in the background, upper right. B. Right. Streams meander
through boulders and cobbles of pre-existing landslide deposits. Photographs courtesy of Haywood County.

Figure 16. Tabular boulders, mud and large woody debris transported by the January 7, 2009 debris flow are piled
up against a large moss and fern covered boulder (left) from pre-existing landslide deposits at the site. January 14,
2009 NCGS photograph.
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Figure 17. View of main scarp and benches showing other unstable areas. Scarps, ground cracks and hummocky
ground surface (red arrows) indicate unstable slopes along remaining excavation waste and native soil on the right
flank of the January 7, 2009 debris flow scarp. Small slope failure in colluvium (white arrow) in the cut slope of the
lower bench. January 7, 2009 NCGS photograph.

Figure 18. Woody debris and excavation waste piled behind tree on the extension of Bear Trail Road below
McAloon house at 100 Bear Trail Road. March 24, 2009 NCGS photograph.
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Soil Plasticity Chart
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Figure 19. Soil plasticity chart showing plots of the soil samples (fraction passing the #40 sieve) tested in the
project area. See Figure 9 for soil sample locations. All samples tested as non-plastic (plastic index = 0) within the
low-plasticity silt field (ML).
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Figure 20. Map showing total rainfall recorded during the January 5-8, 2009 rainfall event at rain gages in the area
of the Bear Trail (BT), Rising Sun (RS), and Bear Creek Road (BC) slope failures associated with this rainfall event.
Delineations of rainfall contours are based on linear extrapolations of rainfall amounts between rain gage locations.
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Figure 21. Cumulative rainfall plots from the USGS rain gages. The red dashed lines shows the approximate time
of the January 7, 2009 debris flow at Bear Trail. Rainfall data are provisional and subject to revision. A. Top. Lake
Logan dam. B. Bottom. East Fork of the Pigeon River. Refer to Figure 19 for rain gage locations.
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Figure 22. Cumulative rainfall plots from Automated Flood Warning System (AFWS) rain gages in Haywood
County prior to the time of the Bear Trail debris flow (red dashed line). Refer to Figure 19 for rain gage locations.
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