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What geologic hazards affect and are affected by management activities on the 
Nantahala and Pisgah NFs?   
 
Overview 

Geologic hazards are geologic processes or conditions (naturally occurring or altered by 
humans) that are a potential danger to public health and safety, infrastructure, and 
resources. Geologic hazards on the Nantahala and Pisgah NFs include landslides, floods, 
acid-producing rocks, waterfall hazards, ultramafic rocks with asbestos minerals, radon, 
and abandoned mines.  

Like fire hazards, some geologic hazards on the Nantahala and Pisgah NFs affect public 
safety and infrastructure on the Forest and off the Forest in adjacent communities (Gori 
and Burton, 1996; Collins, 2005; Wieczorek and Morgan, 2008, Wooten 2008, Collins, 
2008). The increase in population and infrastructure next to the National Forest increases 
the risks to public safety from geologic hazards associated with the Forest and adjacent 
private land.  

Recent North Carolina response to geologic hazards 
 
In September 2004, Hurricanes Frances and Ivan triggered landslides across the 
Nantahala and Pisgah NFs and western North Carolina, including, and disrupting 
transportation corridors throughout the region. One landslide (Peeks Creek debris flow) 
originated on steep, natural slopes of an inholding, travelled more than a mile across 
National Forest, and then on to private land, resulting in five deaths and destroying at 
least sixteen homes. In response to the destruction, the North Carolina General Assembly 
passed the Hurricane Recovery Act of 2005, authorizing the North Carolina Geological 
Survey (NCGS) to prepare county-scale landslide hazard maps for 19 mountain counties 
(Wooten and other, 2008). 

Landslide hazard maps prepared by the North Carolina Geological Survey (NCGS) are 
available in a GIS format for Macon, Watauga, Buncombe and Henderson Counties 
(Wooten and others, 2006, 2008, 2009, 2011), and include Nantahala and Pisgah NFs 
lands within those counties. These maps show where landslides have occurred or are 
occurring; where landslides like debris flows may start on the Forest; and, where debris 
flows may travel downslope on to private land. This research and mapping has provided 
new information on landslide hazards in the region that was not available when the 1987 
Forest Plan was prepared. 
 
Geologic hazards are part of the Western North Carolina Vitality Index developed by the 
Mountain Resources Commission in partnership with the Blue Ridge National Heritage 
Area and the USDA Forest Service. The Mountain Resources Commission was 
established during the 2009 North Carolina General Assembly legislative session to 
encourage healthy and equitable development while preserving the natural resources, 
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open spaces, and farmland of the mountain region of Western North Carolina (North 
Carolina Mountain Resources Commission, 2012 a, b, c).   
 
The Western North Carolina Vitality Index assesses components of the vitality of 27 
counties in western North Carolina through the perspectives of their natural, social, built, 
and economic environments. The Index is made to allow planners and decision makers 
the information necessary to inspire quality discussion and craft informed decisions on 
issues affecting western North Carolina’s abundant natural resources and its potential for 
sustainable growth. 
 
The 18 counties where the Nantahala and Pisgah NFs are located are part of the 27 
counties covered by the Western North Carolina Vitality Index. The Index draws on 
information from various State agencies including the North Carolina Department of 
Environment and Natural Resources, North Carolina Geological Survey, and Land 
Quality Section.  

Forest Service response to 2010 flood tragedy: ongoing review of flood and other 
geologic hazards at developed recreation sites 

On June 11, 2010, a flash flood on the Ouachita National Forest in Arkansas claimed the 
lives of 20 people at Albert Pike Recreation Area. In response, on June 24, 2010 the WO 
directed the Regions to conduct assessments of floods and other hazards at developed 
recreation sites: 
 

“Your efforts must include an assessment of the operation and maintenance of your 
developed recreation sites to ensure that you have considered hazards of all types 
associated with them, along with a description of actions that you have either 
completed or are in progress of completing to address those hazards.” (2330/6700; 
June 24, 2010). 

In 2010, the Southern Region (R8 RO) issued similar direction to the Region 8 National 
Forests. In response, the Nantahala and Pisgah NFs has been conducting flood hazard 
assessments of developed recreation sites. 
 
In December 2011 the WO revised FSM 2330 Publicly Managed Recreation 
Opportunities; FSM 2330.6 - Safety provides for Risk Assessments (FSM 2330.6a) 
stating: 
 
“Forest personnel should conduct periodic risk assessments as necessary to identify 
hazards, set priorities, allocate resources, implement action plans, and reassess 
effectiveness or risk reduction activities as appropriate, feasible, and consistent with 
Forest Service policy.”   
 
FSM 2330.6 specifically includes Risk Assessment for geologic hazards. 
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2006 and 2008 Forest Service direction to identify geologic hazards and affected 
management activities in all land management plans 
 
In 2006 and 2008 the Forest Service issued new and revised direction for geologic 
resources, hazards, and services. The Forest Service WO Forest Service Manual direction  
to consider geologic hazards and public safety in forest and project planning is: 
 

“Manage geologic hazards on NFS lands to ensure the protection of public safety, 
health, property, and the environment by using qualified geologists for the 
recognition, inventory, analysis, and interpretation of those hazards, and the 
integration of that information into forest and project planning, design, 
construction, maintenance, and monitoring activities, reviews of proposals, 
permits, approvals, concurrences, and recommendations for uses of NFS lands.” 
(FSM 2880.3) 
 
“Identify existing and potential geologic hazards, land base limitations, and 
affected management activities in all land management plans.” (FSM 2880.3) 

 

Hazard vs Risk: Forest management effects on geologic hazards and associated risks 
to public safety 

Geologic hazards may affect or be affected by forest management activities. It is 
important to distinguish between hazard and risk. A hazard is a potential source of harm 
to people or damage to infrastructure and resources. Risk is the likelihood or probability 
that a person will be harmed (or property and resource will be damaged) if exposed to the 
hazard.  

For example, rockfall is a hazard. An active rockfall area below a cliff in a part of the 
forest never visited is a geologic hazard but it is not a risk to public safety. Risk to public 
safety arises only when people are exposed to the hazard. A new hiking trail that 
traverses across the active rockfall zone would create a risk to public safety. The level of 
risk would depend on how many people used the trail. For one hiker, the risk of rockfall 
injury may be low; but if there are many hikers using the trail, the risk that some hiker 
will suffer a rockfall injury may be substantial. A new campground built at the base of 
the active rockfall zone would create another type of risk to public safety. Campers who 
spend one of more night(s) and day(s) in the campground have a much longer exposure to 
the rockfall hazard than the hiker passing thru the rock fall zone.    

Forest management activities may have two types of effects related to geologic hazards 
and risks. 

Type 1 effect - Forest management activities have the potential to increase public 
exposure to the hazards, and thus, to increase the risks to public safety, infrastructure, 
and resources from natural geologic hazards. These risks could be managed by 
inventorying and integrating natural geologic hazards using a qualified geologist in the 
location, design, operation, and maintenance of Forest management activities (FSM 
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2880.3). Different geologic settings on the Forest have different geologic hazards and 
different potential for hazards. Geologic science can identify high hazard zones; 
engineering geologic techniques can be used to avoid, reduce or minimize risks to 
public safety, infrastructure and resources.   

Type 2 effect - Forest management activities have the potential to increase hazards and 
risks to public safety, infrastructure, and resources management-related geologic 
hazards.  These risks could be managed by inventorying and integrating management-
related geologic hazards using a qualified geologist in the location, design, operation, 
and maintenance of Forest management activities (FSM 2880.3). Forest management 
activities have the potential to 1) trigger or aggravate natural geologic hazards, or 2) 
create human-induced geologic hazards, such as road fill failures that become debris 
flows. In addition to natural landslides, some landslides are caused or influenced by 
human activities. For example, excavation for road construction on a steep slope can 
undercut and remove support from the hillside. In some geologic settings (adverse 
bedrock structures or weak surficial materials), this undercut and removal of support 
may lead to failure of the road cut-slope and hillside upslope. Or, construction of a 
road fill or log landing fill on a steep, geologically unstable slope may lead to a failure 
of the fill-slope. Such fill failures can transform into a debris flow and travel hundreds 
or thousands of feet down slope, endangering people and infrastructure on and off the 
Forest. If siting, design, and maintenance of Forest management activities do not 
consider the geologic setting and potential geologic hazards, then public safety and 
infrastructure may be inadvertently and unnecessarily put at risk. 
 
 

Landslides 
 
The primary geologic hazard affecting the Nantahala and Pisgah NFs is the hazard from 
various types of landslides, including those related to road slope failures. The landslides 
triggered by Hurricane Frances and Ivan in September 2004 became a keystone event for 
the State of North Carolina and for the Nantahala and Pisgah NFs. Wooten and others 
(2008) noted: 
 “In September 2004, intense rainfall from the remnants of Hurricanes Frances 
(September 7–8) and Ivan (September 16–17) triggered at least 155 slope movements 
(Fig. 1) that caused 5 deaths, destroyed at least 27 homes, and disrupted transportation 
corridors throughout western North Carolina (Wooten et al. 2005, 2007). In response to 
the destruction from these storms, the North Carolina General Assembly passed the 
Hurricane Recovery Act of 2005, authorizing the North Carolina Geological Survey 
(NCGS) to prepare county-scale slope movement hazard maps for 19 mountain counties. 
Macon County was selected as the pilot study area, as it was the location of the fatal 
Peeks Creek debris flow (Latham et al. 2005, 2006), as well as 32 other debris flows 
triggered by Hurricanes Frances and Ivan. The resulting Macon County slope movement 
hazard maps (Wooten et al. 2006) are provided in a GIS format to local government 
agencies to help protect public safety and guide informed decisions on land use.” 
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Recently the North Carolina Geological Survey (Wooten, 2013) noted: 

“The primary geologic hazard affecting the Nantahala and Pisgah National 
Forests is the hazard from various types of landslides, including those related to 
road slope failures. Major landslide events in western North Carolina triggered by 
rainfall from tropical and extra-tropical cyclones have occurred in 1916, 1940, 
1977, and most recently in 2004 with Hurricanes Frances and Ivan. Landslides 
originating on Forest lands have impacts on Forest lands, but can also travel off 
Forest lands and have impacts on private lands including threats to public safety.” 
 

The U. S. Forest Service Coweeta Hydrologic Laboratory and Bent Creek Experimental 
Forest are engaged in cooperative research with North Carolina Geologic Survey on 
landslide hazards on and related to, Forest lands. This research and mapping has provided 
new information on landslide hazards in the region that was not available when the 1987 
Forest Plan was prepared. Landslide hazard maps are available in a GIS format for 
Macon, Watauga, Buncombe, and Henderson counties (Wooten et al. 2006, 2008, 2009, 
and 2011). These maps show where debris flows have occurred, where debris flows may 
start on the Nantahala and Pisgah NFs; and where debris flows may travel downslope 
onto private land. 
 
Accurate mapping of existing and past landslide events is an important step in identifying 
areas of potential landslide hazards and evaluating the results of landslide susceptibility 
modeling. The North Carolina Geological Survey (NCGS) Geologic Hazards Map Series 
1, (GHMS-1) for Macon County in 2006 consists of three companion sheets listed here, 
and available below:  

1. GHMS-1, Sheet 1, Slope Movements and Slope Movement Deposits Map of 
Macon County, North Carolina. 
  
2. GHMS-1, Sheet 2, Stability Index Map of Macon County, North Carolina. 
  
3. HMS-1, Sheet 3, Downslope Hazards Map of Macon County, North Carolina. 

http://portal.ncdenr.org/web/lr/maconcounty 
 
Since 2006, the North Carolina Geological Survey (NCGS) has completed similar 
Geologic Hazards Map Series for Buncombe (2009), Henderson (2011) and Watauga 
(2008) Counties. 
 

http://portal.ncdenr.org/web/lr/buncombecounty 
http://portal.ncdenr.org/web/lr/hendersoncounty 
http://portal.ncdenr.org/web/lr/wataugacounty 

 
Debris flows 

The intense rains triggered hundreds of landslides on the Nantahala and Pisgah NFs. On 
the Nantahala Ranger District, the Peeks Creek landslide (debris flow) resulted in five 

http://portal.ncdenr.org/web/lr/maconcounty
http://portal.ncdenr.org/web/lr/buncombecounty
http://portal.ncdenr.org/web/lr/hendersoncounty
http://portal.ncdenr.org/web/lr/wataugacounty
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fatalities, seriously injured two people, and destroyed at least sixteen homes.  The 
landslide began near the top of Fishhawk Mountain on the steep, natural slopes of an 
inholding, swept down steep slopes and across the National Forest and then onto private 
land with homes in the Peeks Creek valley. The Peaks Creek landslide traveled a 
destructive path of two miles from the landslide source area at elevation 4,400 feet to the 
Peeks Creek junction with the Cullasaja River at elevation 2,200 feet. 
 
Geologists classify the type of landslide that resulted in fatalities in Peeks Creek as a 
“debris flow”; the U.S. Geological Survey has published fact sheets on debris flow 
hazards in the Blue Ridge and the Appalachian Mountains of the Eastern United States 
(Gori and Burton, 1996; Wieczorek and Morgan, 2008). A debris flow typically 
originates on a mountainside as a debris slide (a slab of soil, colluvium, weathered 
bedrock, trees and other vegetation), and as it slides down slope it liquefies into a debris 
flow. Depending on the geologic setting, some debris flows can travel hundreds or 
thousands of feet down slope. As the debris flow moves downslope it can gouge into the 
mountainside, scrape off more soil, colluvium, etc., and snowball into a much larger 
landslide mass of debris flow. As the debris flow sweeps downslope, if it runs into creek 
drainage, the debris flow then scours and flushes down thru the creek drainage. In the 
drainage, more water is added to the debris flow; and the debris flow can scrape up the 
stream bed load, stream banks, and riparian trees, and increase the snowball effect into an 
even more destructive debris flow.  
 
Five of the largest and well-known landslides from September 2004 were debris flows 
that travelled hundreds or thousands of feet downslope from the source area:   

• Peeks Creek, a natural landslide (Nantahala RD) 
• Blue Ridge Parkway MP 348 road fill slope failure (Bear Drive Branch, 

Grandfather RD)  
• Blue Ridge Parkway MP 349 road fill slope failure (Licklog Branch, Grandfather 

RD)  
• Blue Ridge Parkway MP 322 road fill slope failure (Grandfather RD) 
• Whitewater Falls road waste fill slope failure (Nantahala RD) 

 
Of these five major landslides from September 2004, 20% are natural landslide, and 80% 
are management-related slope failures. Debris flows caused by failure of road fill slopes 
was a dominant feature of the Sept 2004 landslides on the Nantahala and Pisgah NFs. 
Debris flows caused by failure of road fills are as much a concern for public safety on 
and off the Forest as natural debris flows. As discussed in the next section, there is high 
number of management-related debris flows compared to natural debris flows on the 
Nantahala and Pisgah NFs. Strategies and techniques for early warning, detection, and 
loss prevention from debris flows caused by failure of road fill slopes, including specific 
reference to the Nantahala and Pisgah NFs, is provided by Collins (2008).       
 
Natural landslides and management-related landslides from Sept 2004 hurricanes 

In September 2004, Hurricanes Frances and Ivan triggered hundreds of landslides on 
Nantahala and Pisgah NFs that damaged roads, trails, and infrastructure across the 
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Forests, impacted streams and riparian areas, and required millions of dollars for storm 
recovery. The landslides included natural landslides as well as land management-related 
landslides, such as failure of road fill slopes and road cut slopes.  
 
Figure 1. Natural landslides and land management-related landslides for 105 landslides of 
the hundreds of landslides on the Nantahala and Pisgah NFs from Hurricanes Frances and 
Ivan, September 2004. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
An assessment of 105 landslides (slope failures) of the hundreds of landslides on the 
Nantahala and Pisgah NFs from Hurricanes Frances and Ivan indicates that: 
 

• 22% of the landslides (23 of 105 landslides) are natural landslides; 
• 7% of the landslides (7 of 105 landslides) are cut slope failures; 
• 71% of the landslides (75 of 105 landslides) are fill slope failures.  

 
Each landslide is placed in one of three categories: 1) natural landslide on unmodified  
slopes, or a natural landslide that happens to intersect and damage a road, 2) landslide 
originating as a road fill slope failure, 3) landslide originating as a road cut slope failure. 
 
 
The dominant and most widespread type of landslides in this assessment of 105 
landslides is the failure of road fill slopes, accounting for more than two-thirds of all 
landslides. 

A similar relationship is indicated by five of the largest, catastrophic and well-known 
landslides from September 2004.   

• Peeks Creek, a natural landslide (Nantahala RD) 
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• Blue Ridge Parkway MP 348 road fill slope failure (Bear Drive Branch, 
Grandfather RD)  

• Blue Ridge Parkway MP 349 road fill slope failure (Licklog Branch, Grandfather 
RD)  

• Blue Ridge Parkway MP 322 road fill slope failure (Grandfather RD) 
• Whitewater Falls road waste fill slope failure (Nantahala RD) 

For these five major landslides from September 2004, 20% are natural landslide, and 
80% are road-related fill slope failures. 

Road cut slope failures versus road fill slope failures: watershed impacts 
 
Hurricanes Frances and Ivan put road cut slopes and fill slopes to a slope stability test 
along hundreds of miles of roads on the Nantahala and Pisgah NFs. Fill slope failures 
were the most common type of landslide on single lane FS roads. Cut slope failures were 
much less frequent than fill slope failures. This difference in slope stability behavior 
suggests that on the Forest’s roads, generally, cut slopes are more stable than fill slopes, 
and fill slopes are more vulnerable to failure that cut slopes. The watershed impacts of cut 
slope failures and fill slope failures are compared as follows: 
 
Cut slope failure: 

• Most of slide mass stays on road; small portion of slide mass may reach creeks 
via road drainage ditches. 

• Slide mass on road is accessible, and can be hauled to suitable disposal area. 
• Slide mass usually contains more rock, less fines (potential fine sediment) than 

fill slope failure. 
• Roadbed acts as a bench to stop further downslope movement of the landslide, 

thus limiting the downhill extent of landslide damage. 
• Roadbed acts as a bench to prevent development of highly destructive debris 

flows. 
 
Fill slope failure: 

• Slide mass slips or flows downhill, often directly into a creek, drainage 
bottom or riparian area.  

• Most or all of slide mass is downslope from road and usually is not 
retrievable.  

• Slide mass usually contains more fines (potential fine sediment) than cut 
slope failure. D. Road fill failure can slip far downhill, thus increasing the 
downhill area affected by the landslide. 

• Road fill failure can bulldoze or gouge the mountainside, snowball into a 
much larger landslide, and transform into a highly destructive debris flow 
that can travel hundreds or thousands of feet downslope and downstream. 

 



February 19, 2014          Page 12 of 34 

Landslides Overview 

Landslides are complex geologic phenomena, covering a wide range of geologic 
materials (bedrock, such as granite, gneiss and schist, and surficial deposits, such as 
colluvial soils), geologic processes (debris slides; debris flows; rockslides; slumps; 
rockfalls, etc.), and geologic structures (bedding planes; foliation; exfoliation joints). 
Different geologic settings cause different types of landslides. Landslides can originate 
high on a mountain as a debris slide/debris flow, or low in the valley as a stream bank 
failure. Road cuts and fills modify the geologic environment, for example: 
 

1. by removing support from slopes with adverse geologic structures (road cut 
slopes);  

2. by excavating intact bedrock for road cut slopes and converting it into road fill (an 
unconsolidated surface deposit) and placing this additional load on the underlying 
slope (road or log landing fill slopes); or 

3. by changing surface and subsurface drainage.  
 
The road cuts and fills and log landings alter and become part of the modern geologic 
environment, modifying pre-existing geologic conditions. Road cuts and fills and log 
landing cut and fills in certain geologic settings can cause landslides, just as natural 
processes, such as stream undercutting a stream bank, can cause landslides. 
 
Key geologic factor in Forest’s landslides from September 2004 hurricanes 

September 2004 Hurricanes Frances and Ivan produced heavy rainfall that triggered 
landslides on the Nantahala and Pisgah NFs. The heavy rainfall was a triggering 
mechanism, but the underlying causes or factors for the landslides are the underlying 
geologic conditions. Landslides are geologic phenomena and are geologic hazards. The 
local, site-specific geology determines:  
 

1. The type and magnitude of the landslide, 
2. The rate of movement,  
3. The potential for future landslide activity, 
4. The extent of a watershed susceptible to landslide activity. 
5. The nature of the landslide hazard that affects life and infrastructure downslope. 

The local, site-specific geology includes: 1. Geologic materials (bedrock and 
surface deposits (soils, colluvium, etc.). 2. Geologic structures (bedding planes, 
bedrock joints, etc.), and 3. Geologic processes (groundwater movement; freeze-
and-thaw wedging, etc.), 4. Landforms resulting from geologic processes acting 
on geologic materials and geologic structures.  

 
In addition to the heavy rainfall, a key underlying factor in the Forest’s landslides in the 
September 2004 hurricanes was adversely oriented geologic structures that formed the 
steep planes of weakness in bedrock and allowed rapid, catastrophic failures of soil, 
colluvium, and road fill slopes. The steep planes of weakness in bedrock formed the slip 
surface for the landslide. Adversely oriented geologic structures (such as exfoliation 
joints) are at the root of many natural and road-related landslides. Overall, an important 
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geologic factor in the landslides is a geologic structure called a “dip slope”, as discussed 
below. 
 
Multiple reasons for dominance of geologic factor (dip slopes) in Forest’s  
September 2004 landslides 
 
Slope steepness 
A critical factor in causing landslides is the steepness of the slope or mountainside. For 
natural landslides, such as the debris slide/debris flow on Peeks Creek, the slope 
steepness is a critical factor not only in a triggering landslide but also in the landslide’s 
velocity, power, destructiveness, and length of downslope area affected. Peeks Creek 
landslides started high on the mountain and traveled over two miles downhill in its 
destructive path. 
 
What determines the steepness (slope gradient or angle) of a mountainside? In many 
areas where landslides occurred in the September 2004 hurricanes on the Nantahala and 
Pisgah NFs, the steepness (slope gradient or angle) of the mountainside was determined 
by the geologic structure: dip slope.  In geology, a “dip” is the angle of a bedrock layer or 
plane to a horizontal plane. A “dip slope” is the slope of a land surface that is determined 
by and conforms approximately with the dip of the underlying bedrock layer or plane, 
such as a bedding plane or bedrock joint. 
 
The September 2004 landslides often occurred where steep planar surfaces in bedrock 
created steep dip slopes, consisting of bedrock overlain by a colluvial soil. The steep 
bedrock planes (at angles above 25 degrees) are at or near the angle of repose for the 
colluvial soils. 
 
Slip surface: character and extent 
In addition to the steepness of dip slope contributing to slope failures, the smoothness of 
the bedrock surface comprising the dip slope affects the ease with which the overlying 
colluvium layer (or road fill slope) can detach and produce slope failures. The horizontal 
and vertical extent of the dip slope, especially of the smooth bedrock surface, influences 
the length and width of the debris slide initiating the debris flow. 
 
Tree Roots 
Tree roots can affect the slope stability of shallow colluvial soils on steep slopes. 
However, the effectiveness of trees roots depends on the bedrock structures underlying 
the colluvial mantle. When a bedrock plane is parallel to the ground surface (forming a 
dip slope), it is difficult for tree roots to penetrate into the bedrock. For example, if 1’-3’ 
thick layer of soil overlie a bedrock plane, the tree roots grow downward into the soil but 
cannot penetrate easily into a bedrock plane that has few fractures. As a result, the 
potential for tree roots to anchor the colluvial mantle is severely limited by the bedrock 
structure. Because of the lack of tree root penetration into bedrock, the colluvial mantle is 
more susceptible to slope failure on a dip slope.  
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In contrast, when bedrock planes are perpendicular to the ground surface (forming an 
antidip slope), then many bedrock planes are available for tree roots to penetrate into the 
bedrock.  As a result, the potential for tree roots to anchor the colluvial mantle is 
enhanced by the bedrock structure. When tree root penetrate into bedrock, the colluvial 
mantle is anchored and is more resistant to slope failure.  
 
Subsurface Water Flow and Hydrostatic Pressure 
For rainfall-induced landslides, intense rains induce subsurface flows into the shallow 
colluvium layer bounded by the underlying bedrock dip slope can lead to hydrostatic 
pressure and stresses that exceed the strength of the colluvium and results in a debris 
flow. A multi-year field research to investigate and quantify the role of rainfall-induced 
subsurface water flow in infiltration of debris flows is in progress by a collaboration of 
the N. C. Geological Survey, U.S. Geological Survey, the Colorado School of Mines, 
NASA, University of Oklahoma - School of Meteorology, and U.S. Forest Service 
Research in a research project funded by NASA titled " Advancing Multi-scale Landslide 
Hazard Prediction by Integrating High Resolution Remote Sensing Data and Subsurface 
In-situ Monitoring.” The sampling, testing and monitoring sites will include sites on NFS 
lands in Macon County. 
  
 
Critical role of road maintenance in avoiding or minimizing debris flows resulting 
from road fill failures 
 
One contributor to failure of road fill slopes is lack of road maintenance, for example, 
pre-storm plugged culverts that allow storm water to flow down the road and spill over 
into road fill slopes; or broken or worn out culverts or roads not graded that allow storm 
flows to saturate road fill slopes. The Forest has 1,613 miles of open road, and many 
miles of system roads temporarily closed to public use. The road system is aging, and it is 
challenge to fund the annual and periodic maintenance of the extensive roads system. 
Reduced budgets lead to reduced, deferred, or lack of road maintenance. It is important to 
recognize that one consequence of not funding road maintenance is potential increase in 
failures of road fill slopes and resulting debris flows that may travel hundreds or 
thousands of feet downslope. 
 
A review of major debris flows resulting from fill slope failures in the U.S. and overseas, 
and including lessons learned from the September 2004 hurricane debris flows affecting 
the Nantahala and Pisgah NFs identified a variety of procedures for early detection, 
warning, and loss prevention (Collins,2008). Two of the procedures involve prioritized 
maintenance and prioritized repair based on engineering geologic detection of early 
warning signs of unstable road fill slope. In times of limited budgets for road 
maintenance, these procedures provide a means to prioritize funding to minimize the 
hazard of road fill slope failures resulting in debris flows. 
 
 



February 19, 2014          Page 15 of 34 

Landslide activity in 2013 

Landslides occurred on the Nantahala and Pisgah NFs in 2013. The Forest has been 
assessing damage from storms in January and July 2013. A July 3, 2013 debris flow 
began on the Nantahala NF in the headwaters of a tributary to the East Fork of Dicks 
Creek in Jackson County. The debris flow swept off the NFS land onto private lands 
downslope. The debris flow resulted in property damage to private land and a NCDOT 
road below. At least two debris dams made up mainly of large woody debris remained in 
the creek on private land, and raised a public concern for future damage. 
 
In July 2013 the National Park Service closed a 20 mile section of the Blue Ridge 
Parkway due to an incipient landslide or road fill failure just north of Tanbark Tunnel. 
The Blue Ridge Parkway (BRP) closure extends from Milepost 375, a few miles north of 
the Asheville, to Milepost 355 at N.C. 128/Mount Mitchell State Park. In 2004, three 
BRP road fill failures initiated debris flows the swept thousands of feet down slopes on 
the Grandfather Ranger District, damaged Forest Service facilities and endangered public 
safety. The July 2013 BRP incipient road fill failure and the 2013 above-normal rainfall 
prompted a rapid assessment of landslide hazards and risks to public safety on the Pisgah 
NF (Collins, 2013).  
 
 
Acid-Producing Rocks 
 
Western North Carolina Vitality Index: Bedrock Acid-Producing Potential 
 
Bedrock acid-producing potential is part of the Western North Carolina Vitality Index 
produced in 2012 by the North Carolina Mountain Resources Commission in partnership 
with the Blue Ridge National Heritage Area and the USDA Forest Service (North 
Carolina Mountain Resources Commission, 2012a, c). Areas of bedrock with acid-
producing potential are common in the Blue Ridge Mountains of western North Carolina, 
and in some areas, the concentrations of acid-producing minerals is high enough to be a 
concern for 1) producing acidic run-off and 2) contributing to failure of natural slopes 
and constructed slopes (cut-slopes (excavations) and fill-slopes (embankments)).   
 
The Western North Carolina Vitality Index summarizes concerns for acid-producing rock 
potential as follows: 
 

 “Much of the rock contains trace amounts of naturally-occurring iron sulfide 
minerals, such as pyrite (fool’s gold), usually occurring in concentrations below 
what’s necessary to produce harmful environmental impacts when exposed. Other 
acid-producing rocks, primarily those among the metamorphosed sedimentary rocks of 
the western Blue Ridge, can contain sulfide minerals in concentrations sufficient 
enough to warrant mitigation measures when encountered during engineering projects. 
 
“When exposed, oxidation and hydrolysis of the sulfide minerals can produce the 
damaging sulfuric acid with pHs as low as 2.5, and can weather the surrounding rock 
at accelerated rates. Excavations into unweathered sulfide-rich rock exposes areas 
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containing the constituent minerals and then increases the potential for acid 
production, but is typically not a concern unless significant amounts of unweathered 
rock becomes exposed. Produced acid can also serve as runoff throughout rock 
fissures and slopes that further exacerbates rock weathering, thus leading to rockslides 
and surface instabilities. 

“When acidic runoff enters streams, sudden decreases in pH may occur and can 
degrade water quality, causing significant mortalities among acid-intolerant aquatic 
organisms, such as during the 1963 reconstruction of U.S. Highway 441 in the Great 
Smoky Mountains National Park. Acidic runoff is usually greatest shortly after road 
construction, but can continue at decreased levels years after construction. 
 
“Similarly, acid-producing rocks can adversely affect the stability of slopes, 
particularly if untreated material is used in the construction of embankments, as was 
the case in the slope failures of Swain County in 2003 and Haywood County in 2006, 
or the road cuts contributing to rockslides on the Blue Ridge Parkway in 1999 and 
2006. To avoid similar damage, the presence of significant amounts of acid-producing 
rock was a consideration in evaluating alternatives for the North Shore Road extension 
in the Great Smoky Mountains National Park in Swain County.” (North Carolina 
Mountain Resources Commission, 2012c) 

 
The North Carolina Geological Survey (NCGS) in cooperation with the North Carolina 
Division of Emergency Management studied the association of acid-producing (sulfidic) 
rock with the debris flows triggered by heavy rains during May 5-7, 2003 in Swain 
County, North Carolina and  reported that five of the six major debris flows originated on 
slopes underlain by sulfidic, graphitic, mica schist horizons in the Wehutty and Nantahala 
Formations (fig. 1) (Wooten and Latham 2004).  

The Western North Carolina Vitality Index has a Bedrock Acid Producing Potential map 
(Figure 2) that can be used in land use planning to recognize areas with this geologic 
hazard and to develop Forest Plan Direction, especially in areas with moderate or high 
acid producing potential. The geologic map units with moderate or high acid producing 
potential for this map are listed in Figure 2.  
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Figure 2. Map of acid-producing bedrock potential on Nantahala and Pisgah in western 
North Carolina. Map modified from Bedrock Acid Producing Potential map produced by 
North Carolina Geologic Survey for Western North Carolina Vitality Index (North 
Carolina Mountain Resources Commission, 2012c). 

 
 
Table 1. Geologic map units classified as moderate and high potential in GIS data for 
Bedrock Acid Producing Potential map produced by North Carolina Geologic Survey for 
Western North Carolina Vitality Index (North Carolina Mountain Resources 
Commission, 2012-2013c). 

Acid-Producing 
Bedrock Potential 

Fm Symbol Geologic Map Unit 

High Za Anakeesta Formation 
High Zbg Boyd Gap Formation 
High Zchs Slate of Copper Hill Formation 
High Zf Phyllite 
High Znt Nantahala Formation and Tusquitee 

Quartzite, Undivided 
High Zwe Wehutty Formation 

   
Medium Zch Copper Hill Formation 
Medium Zgs Great Smoky Group, Undivided 
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For the Nantahala and Pisgah NFs, the Bedrock Acid Producing Potential map shows the 
largest area of moderate-to-high potential for acid-producing bedrock is on the Nantahala 
NF, including large portions of the Cheoah Ranger District and Tusquitee Ranger District 
and lesser portions of the Nantahala Ranger District.  
 
Bedrock Acid-Producing Potential on Nantahala NF in Cherokee, Graham, and 
Swain Counties  
The North Carolina Geologic Survey conducted a more detailed study of acid-producing 
bedrock specifically for the Nantahala NF in Cherokee, Graham, and Swain Counties 
based on 1:24,000 scale maps (Merschat, 1993). The more detailed mapping allowed for 
more detailed geologic map units and associated acid producing potential. The geologic 
map units with moderate and high risk of acid production are listed in Table 2, and are 
mapped in  the “Geologic Map of southwestern North Carolina including adjoining 
southeastern Tennessee and northern Georgia” published by the North Carolina Geologic 
Survey (Wiener and Merschat, 1992). The report (Merschat,1993) and relevant geologic 
maps (such as by Wiener and Merschat, 1992) can be used in 1) land use planning to 
recognize areas with this geologic hazard and to develop Forest Plan Direction, especially 
in areas with moderate or high acid producing potential, 2) during plan implementation to 
request geologic expertise needed for site specific projects. 
 
Table 2. Geologic map units classified as moderate and high risk of increased sulfate and 
acid production in North Carolina Geologic Survey report for Nantahala NF in Cherokee, 
Graham, and Swain Counties (Merschat, 1993). 

Acid-Producing 
Bedrock Potential 

Fm Symbol Geologic Map Unit 

High Za Anakeesta Formation 
High Zamh Horse Branch Member 
High Zbg Boyd Gap Formation 
High Zchs Slate of Copper Hill Formation 
High Zf Farner Formation - Phyllite 
High Zgss Great Smoky slate 
High Znt Nantahala Formation and Tusquitee 

Quartzite, Undivided 
High Znt1 Nantahala Formation 
High Zwe Wehutty Formation 
High Zwe1 Wehutty Formation – Lower graphitic, 

sulfidic schist 
High Zwe3 Wehutty Formation – Middle graphitic, 

sulfidic schist 
High Zwe5 Wehutty Formation – Upper graphitic, 

sulfidic schist 
   

Medium Zamt Ammons-Horse Branch transitional unit 
Medium Zbb Buck Bald Formation 
Medium Zbg1 Metagraywacke member of the Boyd Gap 
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Formation 
Medium Zch Copper Hill Formation 
Medium Zgs Great Smoky Group, Undivided 
Medium Zwe2 Wehutty Formation – Lower graphitic, 

sulfidic schist 
Medium Zwe4 Wehutty Formation – Middle graphitic, 

sulfidic schist 
 
North Carolina Division of Water Quality: 401 Water Quality Certification 
requirements regarding Bedrock Acid-Producing Potential   
 
On December 14, 2007 the North Carolina Division of Water Quality (NC DWQ) issued 
policy for “Assessing and Controlling Acid Rock Drainage on Projects Requiring Section 
401 Water Quality Certification”.  The Nantahala and Pisgah NFs apply for 401 Water 
Quality Certifications and are subject to the NC DWQ policy. 
 
 
Ultramafic Rocks with Asbestos Minerals 
 
Ultramafic rocks are much less common than acid-producing rock on the Nantahala and 
Pisgah NFs, but ultramafic rocks containing asbestos minerals have potential hazards. 
Potential hazards associated with ultramafic rocks include slope instability or health risks 
associated with inhalation of asbestos minerals.  
 
The asbestos minerals are found associated with ultramafic rocks such as dunite, 
peridotite, and serpentinite (Figure 3). Ultramafic rocks commonly are associated with 
mafic rocks. The mafic and ultramafic igneous rocks in western North Carolina were 
metamorphosed during Paleozoic mountain-building. 
 



February 19, 2014          Page 20 of 34 

Figure 3. Asbestos minerals in a vein in metamorphosed ultramafic rock. Photo: Western 
North Carolina Vitality Index (North Carolina Mountain Resources Commission, 2012c).

. 
  

  
Western North Carolina Vitality Index for Mafic and Ultramafic Rocks 
 
The Western North Carolina Vitality Index has a Mafic and Ultramafic Rocks map which 
is adapted here to also display the Nantahala and Pisgah NFs (Figure 4) and can be used 
in land use planning to recognize areas with this geologic hazard and to develop Forest 
Plan Direction. The ultramafic bedrock with a high potential for asbestos and fibrous 
minerals is shown as “metamorphosed dunite, serpentinite, soapstone, and local 
peridotite” map unit. These areas of ultramafic bedrock are relatively small and difficult 
to display at the scale of the western North Carolina map. The ultramafic rocks are found 
as small, isolated areas in association with mafic rocks which are as shown as 
“amphibolite” and “biotite, hornblende gneiss”.   
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Figure 4. Map of mafic and ultramafic rocks in western North Carolina in relation to 
Nantahala and Pisgah NFs. Map modified from mafic and ultramafic map produced by 
North Carolina Geologic Survey for Western North Carolina Vitality Index (North 
Carolina Mountain Resources Commission, 2012c) 

 
 
Forest management activities that require ground disturbance (aggregate sources, or 
construction, reconstruction, and maintenance of road, trails, recreation facilities, etc.,) in 
areas with ultramafic rocks have the potential to expose the small, needle-like asbestos 
fibers to the environment, where inhalation or ingestion of these fibers can pose serious 
health risks. While the area of the Forest with ultramafic rock is relatively small, a more 
widespread concern potentially affecting Ranger Districts is the potential for a District to 
use ultramafic rock aggregate containing asbestos minerals from off Forest sources. 
Using ultramafic rock containing asbestos fibers for road aggregate would create 
inhalation or ingestion health risks from the road dust. 
 
Floods 
 
In September 2004 Hurricanes Frances and Ivan resulted in widespread flooding across 
the Nantahala and Pisgah NFs. In January and July 2013 rainstorms resulted in flooding 
at various locations in the Forests. Flooding is a geologic hazard, and the steep 
mountainsides and narrow valleys characteristic of the Forest can produce catastrophic 
floods, including flash floods. 
  
In 2011 the NFs in NC and the R.O. developed a list of campgrounds for accelerated 
study (Figure 5 and 6). In 2011 with funding from the RO, a partnership between the 
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USDA/USFS and the State of North Carolina Floodplain Mapping Program (NCFMP) 
led to NFs in NC Campground Flood Mapping Project using FEMA approved models 
and analysis procedures. The Flood Mapping Project for these sites was completed on 
February 29, 2012, and included mapping of 100-year and 500-year floodplains.  

Figure 5. Map of campgrounds in NFs in North Carolina Campground Flood Mapping 
Project (Map from: USDA – Forest Service, 2012). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6. List of campgrounds in National Forests in North Carolina Campground Flood 
Mapping Project (List from: USDA – Forest Service, 2012). 
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In 2013, flood studies (USDA – Forest Service, 2013b) were completed at additional 
campgrounds and stream segments in Clay, Graham and Transylvania Counties (Figure 
7): 

• Horse Cove Campground, just upstream of the confluence of Horsecove Branch 
with Santeetlah Creek;  

• Rattler Fork Group Camp and Santeetlah Creek Dispersed Sites, along Santeetlah 
Creek; 

• Fires Creek Hunt Camp, near the confluence of Huskins Branch with Fires Creek; 
• Bristol Fields Horse Camp along Fires Creek;  
• Davidson River and the Davidson River Campground. 

Figure 7 – Map of campgrounds in additional flood studies in National Forests in North 
Carolina Campground Flood Mapping Project (Map from: USDA – Forest Service, 
2013b). 

Currently the NFs in NC are evaluating the results of National Forests in North Carolina 
Campground Flood Mapping Project, including the mapping of 100-year and 500-year 
floodplains. 

 
Waterfall hazards 
 
Waterfalls are geologic wonders that attract thousands of visitors to the forest every year. 
Some of the most popular waterfalls include Bridal Veil Falls, Linville Falls, Dry Falls, 

http://www.fs.usda.gov/detail/nfsnc/specialplaces/?cid=stelprdb5188444%20
http://www.fs.usda.gov/detail/nfsnc/specialplaces/?cid=stelprdb5188440%20
http://www.fs.usda.gov/detail/nfsnc/specialplaces/?cid=stelprdb5188442%20
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Looking Glass Falls, Glen Falls, Cullasaja Falls, Upper Creek Falls, and Whitewater 
Falls. 
 
Beauty, awe, fascination, and excitement dominate perceptions of waterfalls. These 
positive emotions can be so strong in visitors that they can obscure or mask the geologic 
hazards associated with waterfalls. Another reason this geologic hazard tends to be 
overlooked is because waterfalls typically are associated with a single fatality event while 
other geologic hazards, such as floods or landslides, more often produce mass fatalities. 
 
Hazards at waterfalls include rockfalls and rockslide hazards, vertical falls from the tops 
or edges of waterfalls, drownings attributed to stream current hazards at both the top and 
the base of waterfalls, and icefall hazards in winter months. 
 
In 2003 and 2013 a massive rockfall occurred at Bridal Veil Falls which fortunately did 
not result in any personal injuries (Figure 8). However, every year there are reports of 
fatalities at waterfalls, with estimates of at least 30 fatalities and numerous injuries at 
waterfalls over the last planning cycle.  
 
Figure 8. Massive rockfall at Bridal Veil Falls along U.S. 64 highway west of Highlands. 
For scale, note person at base of falls. 2005 photo of circa December 2003 rockfall. 
Photo: North Carolina Geological Survey 

 
 
The Nantahala and Pisgah NFs have taken structural and non-structural measures for 
public safety at waterfalls. Such measures include managing access to the waterfalls; 
siting and design of view platforms; and safety messages and warnings on trails, 
brochures and websites, such as the waterfall warning on the Forest’s Special Places 
webpage. 

http://www.fs.usda.gov/detail/nfsnc/specialplaces/?cid=stelprdb5188439%20
http://www.fs.usda.gov/detail/nfsnc/specialplaces/?cid=stelprdb5188441%20
http://www.fs.usda.gov/detail/nfsnc/specialplaces/?cid=stelprdb5188443%20
http://www.fs.usda.gov/detail/nfsnc/specialplaces/?cid=stelprdb5188437%20
http://www.fs.usda.gov/detail/nfsnc/specialplaces/?cid=stelprdb5188436%20
http://www.fs.usda.gov/detail/nfsnc/specialplaces/?cid=stelprdb5188436%20
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Waterfall Safety Statistics: Fatalities and Injuries 
 
For the Assessment, an effort was made to gather existing information on fatalities and 
injuries at the Forest waterfalls managed for recreation. One purpose for gathering 
existing data for any Assessment under the new Planning Rule is to identify issues and 
trends. In the case of waterfalls, for example, data on the number of fatalities could be 
used to identify waterfalls with high numbers of fatalities that may warrant additional 
safety measures. Another example, data on the date of the fatalities could be used to see if 
an increase or decrease in fatalities was associated with a change in management of the 
falls.  
 
Each Region 8 Forest files a Quarterly Accident/Injury Report that includes Visitor 
Fatality and Visitor Injury as reporting categories. These reports compile information that 
LEOs provide as well as information that Forest Safety Officers may be aware of, such as 
news articles. FS Law Enforcement does collect Serious Injury and Fatality data when 
they respond to or coordinate with a local authority (County Sherriff) responding to an 
incident on NFS lands. The FS LEI report known as a “LEMARS” report does contain 
more detail than the Quarterly Safety report. Unlike the comprehensive system for OSHA 
and SHIPS reports on employee fatalities and injuries, the available reports on visitor 
fatalities and injuries are not comprehensive, and may not include all visitor fatalities. 
Nor do the available reports include sufficient details about the circumstance of the 
fatality to do in-depth analysis of the causes of the fatalities and serious injuries at 
waterfalls.  
 
According to the R8 Regional Safety and Occupational Health Manager, OSHA Record 
Keeping does not require the FS to collect specific data on visitor events; however, a Best 
Management Practice does suggest the FS obtain such data to detect trends and/or 
patterns (Harley; personal communication).  
 
As a result of the lack of specific information on waterfall fatalities and injuries in 
Quarterly Accident/Injury Report, a request was made to the Ranger Districts for an 
estimate of fatalities and injuries at specific waterfalls. The Districts identified at least 30 
fatalities at the Forest’s waterfalls (USDA-Forest Service, 2013a). But this informal 
assessment was incomplete. Rescue and recovery operations typically are conducted by 
outside agencies, such as Sherriff Department and County Emergency Services, and so 
the District may not be aware of some fatalities. Secondly, there is no formal reporting 
system for waterfall visitor fatalities that provides readily-accessible data for the decades 
the waterfalls have been managed for recreation. 
 
In any case, the identification of at least 30 fatalities at the Forest’s waterfalls is sufficient 
to identify waterfalls as the Forest’s geologic hazard associated with the most fatalities to 
Forest visitors. Because there is no formal reporting system for visitor fatalities that 
provides data specific to flooding or landslides, it is difficult to estimate these types of 
fatalities. But based on the information that is available, the geologic hazards of 
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waterfalls is associated with more fatalities than all other geologic hazards combined 
(landslides, floods, etc.) on the Nantahala and Pisgah NFs. 
 
This information should not diminish the importance of assessing the geologic hazards of 
flooding and landslides, which have the potential to produce catastrophic mass fatalities. 
However, it does show the importance of assessing the geologic hazard of waterfalls and 
recognizing the cumulative impacts of single fatalities at waterfalls.  
 
Hazard versus Risks to Public Safety 
In regard to public safety at waterfalls, it is important to distinguish between hazard and 
risk. A hazard is a potential source of harm to people. Risk is the likelihood or probability 
that a person will be harmed if exposed to the hazard.  

For example, a waterfall in a remote part of the Forest never visited by the public is a 
geologic hazard but it would normally be little or no risk to public safety.  Waterfalls are 
always a hazard, but risk to public safety arises only when people are exposed to the 
hazard. A new trail that provides access to the remote falls creates risks to public safety. 
The level of risk would depend on how many people used the trail to visit the falls. For 
one visitor, the risk of waterfall injury may be low; but if there are many visitors, the risk 
that some visitor will suffer an injury may be substantial.  

Promotion or marketing of the waterfalls as a recreation attraction would add to the level 
of risk by increasing the number of visitors to the falls. For example, the Forest webpage 
for Bridal Veil Falls invites visitors to drive or walk under the rock overhang 
(http://www.fs.usda.gov/detail/nfsnc/specialplaces/?cid=stelprdb5188444). 
 
Dry Falls has a trail that allows visitors to walk a long path under a large rock overhang 
behind the falls. The NFs in NC webpage for Dry Falls invites visitors to walk under the 
rock overhang (http://www.fs.usda.gov/detail/nfsnc/specialplaces/?cid=stelprdb5188442). 

Forest Service provided access to, and promotion of, the Forest’s waterfalls affect risks to 
public safety. An assessment that quantifies the magnitude and extent of the current 
Plan’s effects on risks would use templates such as shown here. Based on the typical 
situation of FS providing access and promotion, these model templates could be applied 
to each such waterfall on the Forest using data specific to each waterfall. 

http://www.fs.usda.gov/detail/nfsnc/specialplaces/?cid=stelprdb5188444
http://www.fs.usda.gov/detail/nfsnc/specialplaces/?cid=stelprdb5188442
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Figure 9. Model template to show how the number of visitors to a waterfall (and 
associated public exposure to waterfalls hazards) varies depending on Forest Service 
provided access and promotion of the waterfall. 

 
 
Once the nature and number of geologic hazards are determined for a specific waterfall,  
the starting point for the assessment of risks is the actual or estimated numbers of visitors 
to a waterfall based on the FS provided access and promotion of a waterfall, as shown in 
the template in Figure 9. The number of people exposed to a hazard is a key part of 
assessing risk. 

The level of risk also depends on the degree of access provided to the different waterfall 
hazards, especially at the top versus the bottom of the falls. The top of the falls typically 
is more dangerous than the base of the falls. Some trails only provide access to the base 
of the falls; some visitors may still climb to the top of the falls. But the level of risk 
would be substantially increased if access were extended to the top of the falls. Another 
example of access-related risk would be waterfall access that requires a long drive on 
unpaved road and a long hike on a rough trail compared a short drive on a paved road and 
a short hike on an easy trail.  

Potential for multiple fatality rockfall/rockslide at Bridal Veil Falls, Dry Falls, and 
Moore Cove Falls; and lack of mitigating measures. 

Fatalities at the Forest’s waterfalls generally are single fatality events. However, a 
massive rockfall or rockslide at waterfalls like Bridal Veil Falls, Dry Falls and Moore 
Cove Falls that have a rock overhang directly above visitors could result in a single event 
with multiple fatalities. The easy access next to the State highway and the promotion of 
access at Bridal Veil Falls and Dry Falls increases the potential for several visitors being 
injured or killed if a massive rockfall or rockslide occurs. On September 30, 2013 five 
members of the same family were killed in a rockslide at the Agnes Vaille Falls on the 
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San Isabel NF in Chaffee County, Colorado. The Forest Supervisor issued an emergency 
closure order (USDA-Forest Service, 2013). Chaffee County Undersheriff said the trail 
should be closed permanently (The Denver Channel, 2013). 
 
The multiple fatality rockslide at a FS managed waterfalls in Colorado is an example of a 
multiple fatality event that can occur at waterfalls like Bridal Veil Falls, Dry Falls and 
Moore Cove Falls. There is a high hazard of rockfall at the base of these waterfalls, plus 
there is the additional high hazard of rockfall from the rock overhang that the Forest 
invites visitors to walk under and enjoy the view. Bridal Veil Falls has had two massive 
rockfalls in the past 10 years. At Bridal Veil Falls the rockfall and rockslide hazard 
includes several factors such as: sulfide minerals along discontinuities in the bedrock that 
accelerate weathering and loosen large masses of rock; water penetration and freeze-thaw 
action as well as the lack of support under the rock roof or side walls of the overhang; 
rockfall from the slopes above and to the sides of the overhang.  
 
From 2004 to 2012 the Forest planned and implemented projects to improve public 
access, including parking and trail access improvements at Dry Falls. For example, the 
trail or walking path under the rock overhang was improved to remove tripping hazards. 
However, in regard to the rockfall hazards, the effect of these improvements is to increase 
risks to public safety by making it easier for more visitors to be exposed to the rockfall 
hazard on the approach to and under the rock overhang. The rock overhang and walking 
path underneath are long enough to allow large numbers of people to be exposed to the 
rockfall hazards at one time.     
 
The combination of high hazard and high risk (exposure of public to the hazard) results in 
a significant potential for a multiple fatality rockslide/rockfall at waterfalls like Bridal 
Veil Falls, Dry Falls, and Moore Cove Falls. While rockfalls occur occasionally, the 
exposure of the public to the hazard extends throughout most of the year.  

In 1999 at Natural Bridge in Virginia, an 83-year-old Georgia tourist was killed when a 
large slab of bedrock struck her as she was reading a plaque underneath the 215-foot 
arch. Natural Bridge was closed while the facility owners hired the geotechnical experts 
to evaluate the stability of the overhanging arch and adjacent slopes along the trail. Rock 
bolts were installed in the arch. Rock slopes above the trail were inspected by 
geotechnical experts, and loose rock was scaled from the slopes onto the closed trail 
below. After reopening, annual rock scaling and inspection of the rock slopes became 
standard operating procedure at Natural Bridge.  Rock scaling and rock bolting are 
examples of mitigation measures for rockfall hazards. Other structural measures include 
metal cable nets and installation of rock roof support pillars. In addition, a variety of 
techniques are available for monitoring and forecasting rock roof collapses and rock 
slope movements, such as multipoint extensometers; roof-to-floor convergence monitors; 
telltale rods anchored in rock roof; and monitoring of microseismic emissions activity. 

Under the current Plan, there is a lack of these types of mitigating measures for waterfalls 
like Bridal Veil Falls, Dry Falls and Moore Cove Falls that have a rock overhang above 
visitors, and have a high hazard and high risk (exposure of public to the hazard).  
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Radon 
 
The Indoor Radon Abatement Act of 1988 (Public Law 100-551) directed the U.S. 
Environmental Protection Agency (EPA) to identify areas of the United States that have 
the potential to produce harmful levels of indoor radon. These characterizations are based 
on both geological data and on indoor radon levels in homes and other structures. As part 
of an Interagency Agreement between the EPA and the U.S. Geological Survey (USGS), 
the USGS prepared radon potential estimates for the United States. 

Aerial radiometric data were used to quantify the radioactivity of rocks and soils. 
Equivalent uranium (eU) data provide an estimate of the surficial concentrations of radon 
parent materials (uranium, radium) in rocks and soils.  
 
Using the USGS Geologic Radon Potential Assessment of North Carolina, the U.S. 
Environmental Protection Agency (EPA) issued a report and map of radon zones of 
North Carolina (U.S. EPA, 1993). The Nantahala and Pisgah NFs are located in EPA’s 
Radon Zones 1 and 2. Plan Revision can incorporate this information in management of 
federal facilities for visitors and employees, including provisions for measuring radon 
levels at high-use facilities in western North Carolina. 
 

 

 

Zone 1 counties have a predicted average indoor radon 
screening level greater than 4 pCi/L (picocuries per liter) 
(red zones) 

Highest Potential 

 

Zone 2 counties have a predicted average indoor radon 
screening level between 2 and 4 pCi/L (orange zones) 

Moderate Potential 

 

Zone 3 counties have a predicted average indoor radon 
screening level less than 2 pCi/L (yellow zones) 

Low Potential 
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