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INTRODUCTION
The North Carolina Department of Transportation 
(NCDOT) is proposing roadway improvements to 
Kanuga Road (Secondary Road 1127) from Little 
River Road to South Church Street.  The NCDOT 
Statewide Transportation Improvement Program 
(STIP) project number is R-5748.  NCDOT is required 
by the State Environmental Policy Act (SEPA) to 
assess the impacts of its proposed action to the 
natural and human environment to include impacts 
to cultural resources.  NCDOT is preparing a State 
Environmental Assessment for R-5748 and planning 
to issue a Finding of No Significant Impact based on 
its research.

As part of NCDOT’s assessment to cultural 
resources, it has coordinated with the State Historic 
Preservation Office (SHPO) to determine any affects 
of its actions to historic architectural resources and 
their landscapes.

The Flat Rock Historic District is a national historic 
district in Flat Rock, Henderson County, North 
Carolina.  The boundary of the historic district is 
along the southern side of R-5748 from Little River 
Road to Kanuga Pines Drive for approximately 1.0 
mile and crosses onto the northern side of R-5748 
on the eastern end for approximately 240 feet.  

Historic Flat Rock, Incorporated (HFR) was 
established in 1968 and has been instrumental in the 
preservation and restoration of properties of note 
to include helping create the historic district.  Part 
of HFR’s Mission is “to protect and preserve, in the 
community of Flat Rock in Henderson County, NC, 
such landmarks (including but not limited to public 
buildings, churches, houses, woodlands and open 
spaces) as are or may be of historical, architectural, 
cultural or recreational value to the community, 
state, and nation.“  As such, HRF is concerned with 
effects of R-5748 and wants to work with NCDOT 
and the SHPO to minimize the impacts to both the 
historic district and the community.

As HFR collaborated with the NCDOT and 
SHPO regarding the potential impacts to include 
reviewing R-5748 project plans and documentation, 

it determined to seek the assistance of professional 
firms to evaluate the potential impacts of the 
project to include increased stormwater runoff 
impacts anticipated from widening and increased 
impervious surface and visual impacts anticipated 
from changes to Kanuga Road.  In March of 2020, 
HFR hired Vaughn & Melton Consulting Engineers 
(V&M), along with Equinox to analyze these impacts.

PROJECT APPROACH AND ELEMENTS 
OF THIS REPORT
The analysis of R-5748’s potential impacts to the 
historic district was divided into three categories:

1. A Hydraulics Analysis
2. A Structural Analysis to any significant structure 

as determined by the Hydraulics Analysis
3. A Visual Impacts Analysis

Each analysis was performed using the available 
plans and reports from NCDOT.  Individual analysis 
of each category is found in subsequent sections.

A risk analysis was performed to determine the 
study area and specific attributes at risk.  The areas 
most at risk included areas immediately adjacent 
to Kanuga Road, areas along a major unnamed 
tributary to Mud Creek that parallels much of 
Kanuga Road before traversing Beaumont Estates 
to Mud Creek, and the flood zones of Mud Creek.

NCDOT is in the Preliminary Engineering phase 
of this project.  25 Percent Level Plans and cross 
sections were available and provided.  Redline 
Drainage Plans were made available at the beginning 
of this study and revised during the study in April 
of 2020.  These Plans were reviewed by NCDOT’s 
Hydraulics Unit and revisions were recommended 
to the Redline Drainage Plans in May, but these 
revisions were not disclosed.  This report is based 
on NCDOT’s revised Redline Drainage Plans 
as of April 22, 2020.  NCDOT has not performed 
erosion control designs or utility reconstruction 
designs.  NCDOT’s preliminary analysis of 
utility relocation impacts found more tree and 
vegetation removal will be needed to construct 
this project and above ground utilities will likely 

A. SUMMARY
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remain above ground.  No Traffic Management 
Plans (TMP’s) were available for this study. 

SUMMARY OF MAJOR RECOMMENDATIONS
In the subsequent sections of this report, each 
section has recommendations pertaining to 
each element.  For a complete listing of these 
recommendations, please refer to those sections. 

Major recommendations include:

• The unnamed tributary to Mud Creek that 
parallels Kanuga Road from Kanuga Lake Road 
to east of Beaumont Drive contains several 
drainage structures and streambanks that are 
at risk.  One of the structures is a rock arch 
culvert that was constructed in the 1830’s 

and is a contributing feature to the Beaumont 
house and the historic district overall.  We 
recommend requiring measures be taken to 
have no increase in stormwater runoff volume 
or velocity in this stream.

• The same unnamed tributary in the prior bullet 
continues through Beaumont Estates and 
passes through two culverts under streets that 
are marginally sized and exhibiting stress from 
current conditions.  We recommend requiring 
measures be taken to have no increase in 
stormwater runoff volume or velocity in 
this stream.

Project Study Limits and Attributes at Most Risk

A. SUMMARY
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(MAJOR RECOMMENDATIONS CONT.)
• The same unnamed tributary in the prior two 

bullets is carried under Kanuga Road with 
a culvert that is to be replaced.  Since Traffic 
Management Plans are not available, we 
assumed there would be a road closure and off-
site detour for construction of the culvert.  The 
off-site detour could impact the historic district.  
We recommend constructing this culvert in 
stages and maintaining traffic on-site. 

• We recommend requiring the Project 
Commitments (green sheets in the EA/
FONSI) includes assurances that additional 
coordination will continue with the SHPO, the 
Village of Flat Rock, and Historic Flat Rock as 
all impacts become known by developing the 
erosion control plans, the final roadway plans, 
the final drainage plans, the utility relocation and 
construction plans, and the traffic management 
plans to ensure no adverse or significant 
impacts occur to the historic district.  Should 
the continued development of the project and 
the plans for the project produce a significant 
impact, additional evaluation and mitigation 
will likely be necessary.

• As NCDOT continues to develop this project, 
keep the design features in the context of the 
historic qualities of the district.  We recommend 
the following requirements be incorporated 
into the Project Commitments 

• Use natural stone and boulders and not 
quarried stone for all permanent erosion 
control devices and toe of slope protection.

• Use a variety of native species for permanent 
ground cover instead of a standard grass 
see mixture.

• Develop landscaping plans along disturbed 
streambanks and wider areas of disturbance 
that incorporate planting with live stakes 
and cultivate indigenous communities of 
plantings.

• Use bioswales in place of grassed swales 
& ditches to promote biological diversity as 

well as visual & aesthetic diversity. 

• Use stacked stone walls for retaining walls 
and culvert headwalls.  The type and size of 
stone used shall be coordinated with Historic 
Flat Rock.

• Consider using living walls in select locations 
to be coordinated with Historic Flat Rock.

• Use weathered steel guardrail throughout 
the project.

• All fence relocation or any new fence should 
use simple and rustic such as split rail and 
wooden fences.

• Develop a reforestation plan using native 
species in areas to be allowed to reforest. 

If mitigation is required for NCDOT’s impacts, three 
areas should be given priority to address:

1. The rock arch culvert needs scour protection 
on the inlet end.  This need is an easy way to 
mitigate potential impacts.  This structure is not 
currently listed as a contributing attribute to 
the historic district but should be.  Assistance 
with rectifying this oversight is also potential 
mitigation.

2. The meadow area below Beaumont Drive is a 
common area to this residential community.  
Stream runoff and landscaping practices result 
in degraded and eroding banks adding sediment 
that deposits in downstream impoundments.  
Natural streambank stabilization measures and 
changes in landscaping practices are needed.

3. The walls along the corridor that will be 
constructed are of particular concern.  While 
stamped and stained or dyed concrete can 
be an effective way to create the illusion of 
stone walls in high speed and no pedestrian 
situations, they become much less effective 
the closer one is and the slower one observes 
these walls.  Stacked rock walls will mitigate 
this potential impact.

A. SUMMARY
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C. From Crooked Street Road to 0.1 mile east of State 
Street, approximately 1.25 miles. The stormwater flows 
towards the northern boundary of the Historic District, 
is more than a ½ mile from the Historic District and will 
have no impact on the Historic District – neither positive 
nor negative. The eventually discharge for this section is 
Mud Creek.

D. From 0.1 mile east of State Street to the end of the 
project at South Church Street, approximately 1.1 miles. 
The discharge point for this portion of the project is 
beyond the boundary of Flat Rock Historic District and 
likely will have no impact to Flat Rock Historic District. 
As such, this portion of the project will not be discussed 
in this report.

The existing condition is a paved 22-feet wide roadway.  
Stormwater management is a combination of roadway 
ditches, driveway culverts, cross-culverts and sheet 
flow. Between Little River Road and Nelson Valley Road, 
there are currently six (6) locations where culverts 
cross the road and convey stormwater to the unnamed 
tributary of Mud Creek. Between Nelson Valley Road 
to Crooked Street Road there are four (4) culverts that 
discharge towards Mud Creek and nine (9) towards 
Parry Creek. Between Crooked Street Road and State 
Street there are five (5) culverts, including Shepherd 
Creek.

The proposed project is to improve the roadway 
and drainage to accommodate a 28-feet wide paved 
roadway with a curb and gutter on the north side of the 
roadway. Stormwater management will be improved 
by adding curb and gutter in the west bound direction 
and constructing a new storm sewer system with 
roadside ditches. Rip rap outlet protection is provided 
at each point of discharge. Some runoff from the 
eastbound traffic direction will continue to sheet flow to 
the present grass and woodland areas, as it currently 
does. Rip rap outlet protection is provided when there 
is a concentrated flow of discharge. The existing 
hydrological drainage characteristics with the post 
development improvements will be consistent with the 
predeveloped conditions.

Flat Rock Historic District is a national historic district 
in Flat Rock, Henderson County, North Carolina. 
The North Carolina Department of Transportation 
(NCDOT) is proposing roadway improvements along 
Kanuga Road (SR 1127) from Little River Road to South 
Church Street. The NCDOT STIP Project Number 
is R-5748.  Historic Flat Rock, Incorporated (HFR) is 
concerned with the stormwater runoff impacts R-5748 
will have on the district and hired Vaughn & Melton 
Consulting Engineers (V&M) to analyze NCDOT Plans 
and make recommendations to mitigate the impacts.  
V&M reviewed the NCDOT Plans available which 
included: the preliminary drainage (Redline) Plans and 
calculations, the 25 percent level Roadway Design 
Plans, and the associated cross sections for the 25 
percent level plans. NCDOT has not performed designs 
on for the Erosion Control Plans, Utility Construction 
Plans, or the Utility by Others Plans at this time and the 
impacts from all of the erosion control efforts or the 
utility relocations that will have a potential to impact the 
historic district are not a part of this review.
  
For discussion purposes of the analysis of stormwater 
runoff, the proposed improvement is broken into four 
sections based on the potential to impact the district. 

A. From Little River Road to Nelson Valley Road, 
approximately 1.1 miles. This section is immediately 
adjacent to the northern boundary of Flat Rock Historic 
District and potentially would have the most direct 
impact to the district.  The cumulative effects of the 
discharges from these sources should be considered 
due to the added water to the downstream common 
area at Beaumont Commons, a historic rock arch 
bridge, the culverts under Trivoli Drive and Beaumont 
Drive, areas downstream of Beaumont Drive where the 
streambank is undercut now, and culverts in Beaumont 
Estates. These features presently exhibit symptoms of 
hydraulic distress.

B. From Nelson Valley Road to Crooked Street Road, 
approximately 0.75 miles. 77 percent of the stormwater 
flows away from the boundaries of Flat Rock Historic 
District and discharges to Parry Creek, while the 
remaining 23 percent finds its way to Mud Creek.

PROJECT DESCRIPTION

A.1  Introduction
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A.2  Hydraulic Analysis

H

The purpose of the Hydraulic Analysis was to evaluate 
the individual points of discharges and specified areas 
of Attributes at Risk and for potential impacts to land 
and water quality.  Peak rates and runoff volume were 
evaluated in the predeveloped and post-construction 
conditions. 

Where The “Runoff Volume Match” is discussed, the 
author recognizes that NCDEQ’s “Runoff Volume Match” 
requirement of “no more than ten percent higher than 
the annual runoff volume before development” refers 
to the total project requirement and should not be 

taken as a NCDEQ requirement to be met at every 
discharge point. However, as the area being discussed 
is culturally significant and protected from potentially 
harmful actions, each discharge point was analyzed 
in relationship to potential impact to downstream 
properties and potential for erosion and increases in 
runoff volume at each discharge point.
  
The following pages discuss points of discharge and 
Attributes at Risk locations on Kanuga Road between 
Little River Road to Nelson Valley Road.

PROJECT SITE
From Woodhaven to Westwood

#

#
Culverts
Site Number

Attributes at Risk

2 BACK TO
TABLE OF
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Roadside Ditch - Water flows 
away from Historic Ditch

SITE 1 

Unnamed tributary to Mud Creek

Site Location and 
Description

Existing Hydraulic 
Conditions

NCDOT Proposed 
Hydraulic Changes

Potential Impacts from 
NCDOT Changes

Beginning approximately 400-feet west of Little River Road to Little River Road, widen 
Kanuga Road from 22-feet to 28-foot.
 
The existing roadway is narrow and lacks a shoulder. Stormwater sheet flows directly 
to shallow, vegetative ditches. The discharge point is 0.2+ mile west of Little River 
Road.

Curb and gutter are proposed for the westbound direction, and a 2-foot shoulder for 
the eastbound direction. New, appropriately sized storm sewer system and roadside 
ditches will be constructed to handle the 25-year storm event. Stormwater from the 
westbound direction will be transferred to the southside of the roadway at the start of 
the project, and a rip rap dissipater will be placed at the discharge point.

The post development hydrological drainage characteristics are consistent with 
the predeveloped conditions. The discharge flows away from the Flat Rock Historic 
District through roadside ditches, and eventually flows to Wolf Lake. The increase in 
new impervious area (+0.09 acres) and peak rate (0.9 cubic feet per second (CFS)) 
are minor, and the roadside ditches are sized to handle these flows. There is a minor 
increase in runoff volume (8.4 percent), but within the NCDEQ “Runoff volume match” 
requirement.

The proposed improvements at Site 1 are not anticipated to have any impacts to Flat 
Rock Historic District, to downstream roads, buildings, bridges, or water quality. 

None

COMMENTS

Recommendations 
to Mitigate NCDOT 
Potential Impacts
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Unnamed tributary to Mud Creek

Replace Culvert
Replace Concrete Box 
Culvert

SITE 2

Site Location and 
Description

Existing Hydraulic 
Conditions

NCDOT Proposed 
Hydraulic Changes

Potential Impacts from 
NCDOT Changes

Between Little River Road and Kanuga Lake Road, widen Kanuga Road from 22-feet 
to 39-feet. Improvements include adding a center turn lane to Little River Road, which 
will require Kanuga Road to be shifted 19-feet ±  to the north to avoid land disturbance 
within the Flat Rock Historic District. An 8-foot wide concrete box culvert will be 
replaced, and three utility poles will need to be relocated.

The existing roadway is narrow and lacks a shoulder. Stormwater sheet flows directly 
to shallow, vegetative ditches. Off-site flow from an unnamed tributary to Mud Creek 
is conveyed underneath the roadway through an existing 8-foot wide x 30-foot long 
concrete box culvert. Vegetative ditches manage the stormwater from the roadway, 
and all stormwater discharges at the unnamed tributary to Mud Creek.

The concrete box culvert will be replaced with a new 68-foot long concrete box 
culvert. Creek banks within the State’s ROW will be protected with rip rap to avoid any 
slope erosion, and new roadside ditches will be constructed and lined to handle the 
25-year storm event. The discharge from the box culvert is directed to a well-defined 
unnamed tributary of Mud Creek. The increase in new impervious area (+0.07 acres) 
and peak rate (0.7 CFS) are minor in comparison to the watershed of 3.84 acres. 
There is a minor increase in runoff volume (10.6 percent), which is slightly above the 
NCDEQ “Runoff volume match” requirement. 

The construction of the concrete box culvert is presently being done under road 
closed condition. Closing Kanuga Road will have an impact to the communities within 
the Historic District by adding traffic flow to narrow residential street and increasing 
community inconveniences due to a long detour. 

Adding runoff or increase in velocity of runoff to downstream structures and 
waterways that already experience scour, deterioration, erosion and other signs 
of distress from storms could further mitigate the current conditions , and cause 
irreversible damage to these attributes. Although the runoff from this site is slight, it 
is the cumulative effect of adding water from Sites 2 through 7E that collectively may 
cause unintended harm to these structures and waterways. The post development 
hydrological drainage characteristics are consistent with the predeveloped 
conditions. 

NCDOT should study the impacts of the totality of its proposed action to include the 
impacts of redirected traffic through the historic district versus construction of the 
proposed box culvert under traffic control conditions. It is recommended that NCDOT 
study the options of performing this work under traffic control conditions while 
keeping Kanuga Road open to the community, or minimizing the impacts of a road 
closure to the Historic District community by instituting intermediate time restraints to 
limit the time which Kanuga Road would be closed.

To reduce the post-developed runoff volume to within 10 percent of or less than the 
pre-developed volume, NCDOT should consider enhancing the roadside ditches with 
a combination of bio-swale, infiltration trench or other alternative volume retention 
measures. The method of retaining stormwater should be made based on potential 
environmental impacts of the devices, especially to the contributing attributes to the 
historic district. It is further recommended that any changes to the drainage design to 
reduce the post-developed runoff volume to equal to or less than the pre-developed 
volume be presented to Historic Flat Rock to ensure the changes have no additional 
impacts to the district.

COMMENTS

Recommendations 
to Mitigate NCDOT 
Potential Impacts
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Replace Culvert
SITE 3

Unnamed tributary to Mud Creek

Site Location and 
Description

Existing Hydraulic 
Conditions

NCDOT Proposed 
Hydraulic Changes

Potential Impacts from 
NCDOT Changes

Between Kanuga Lake Road and Old Kanuga Road, widen Kanuga Road from 22-
feet to 28-feet. Improvements include adding curb and gutter on the westbound 
lane, adding defined vegetative ditches and storm sewer system. The edge of 
pavement will to be shifted 8.5-feet to the north to avoid land disturbance within the 
Flat Rock Historic District. Due to shifting the road to the north, the existing wood 
fence line will need to be relocated and a line of mature trees will be removed for the 
improvements.

The existing roadway is narrow and lacks a shoulder. Stormwater sheet flows directly 
to shallow, vegetative ditches, which manages the stormwater from the roadway. All 
stormwater discharges to the unnamed tributary to Mud Creek.

The existing corrugated metal pipe (CMP) will be replaced with a new 36-inch 
reinforced concrete pipe (RCP). Creek banks within the State’s ROW will be protected 
with rip rap to avoid any slope erosion, and new roadside ditches will be constructed 
and lined to handle the 25-year storm event. The discharge will be dissipated and 
slowed down by a rock rip rap channel, then flow overland in a flat area (slope is 
less than 2 percent) through a spread-out path for about 225-feet until it meets the 
unnamed tributary to Mud Creek cited in Site #2.

It is assumed that the culvert will be replaced without an on-site detour and short 
duration lane closures. 

The post development hydrological drainage characteristics are consistent with 
the predeveloped conditions. There is slightly less flow at this culvert in the post 
developed condition, as a portion of the stormwater north of Kanuga Road and east 
of Kanuga Lake Road is transferred to the ditches in Site #1, which flow away from the 
Historic District.  The overall decrease in impervious area (-0.08 acres), peak rate (-1.3 
CFS) and runoff volume (-3.4 percent) are minor.

The proposed improvements at Site 3 are not anticipated to have impacts to Flat Rock 
Historic District, to downstream roads, buildings, bridges, or water quality. 

None

COMMENTS

Recommendations 
to Mitigate NCDOT 
Potential Impacts

Figure 1 - Site 3: Kanuga 
Road looking east.

Replace Culvert
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Unnamed tributary to Mud Creek

Replace Culvert
SITE 4

Site Location and 
Description

Existing Hydraulic 
Conditions

NCDOT Proposed 
Hydraulic Changes

Potential Impacts from 
NCDOT Changes

Near Dorne Drive, widen Kanuga Road from 22 to 28-feet. Improvements include 
adding curb and gutter on the westbound lane, adding defined vegetative ditches 
and appropriate storm sewer system. The edge of pavement will to be shifted 12-
feet to the north to avoid land disturbance within the Flat Rock Historic District.  
Due to shifting the road to the north, a line of mature trees will be removed for the 
improvements, and a retaining wall will be added on the north side of the roadway.

The existing roadway is narrow and lacks a shoulder. Stormwater sheet flows directly 
to shallow, vegetative ditches, which manages the stormwater from the roadway. All 
stormwater discharges to the Unnamed tributary to Mud Creek.

An existing 20-inch RCP culvert will be replaced by a 36-inch RCP located 
approximately 600-feet east of Dorne Drive. At the outlet, an existing large tree will 
need to be protected from construction activities. The discharge will be dissipated 
and slowed down by a rock rip rap channel, then flows overland in a moderately 
steep area (greater than 6 percent) through a spread-out path for about 35-feet until 
it meets the unnamed tributary to Mud Creek cited in Site #2. The distance from the 
outlet to the creek is too short for the flow to concentrate; therefore, no downstream 
erosion is expected.

It is assumed that the culvert will be replaced without an on-site detour and short 
duration lane closures. 
 
The increase in new impervious area (+0.02 acres) and peak rate (0.6 CFS) are minor, 
and the unnamed tributary of Mud Creek can handle these flows. There is a minor 
increase in runoff volume (1.0 percent), but within the NCDEQ “Runoff volume match” 
requirement. This site does add runoff to the district, and the cumulative effect from 
Sites 2 through 7E may cause unintended harm to existing structures and waterways.

To reduce the post-developed runoff volume to equal to or less than the pre-
developed volume, NCDOT should consider enhancing the roadside ditches with 
a combination of bio-swale, infiltration trench or other alternative volume retention 
measures. The method of retaining stormwater should be made based on potential 
environmental impacts of the devices, especially to the contributing attributes to the 
historic district.

It is further recommended that any changes to the drainage design to reduce the 
post-developed runoff volume to equal to or less than the pre-developed volume be 
presented to Historic Flat Rock to ensure the changes have no additional impacts to 
the district.

COMMENTS

Recommendations 
to Mitigate NCDOT 
Potential Impacts

Figure 2 - Site 4: Kanuga Rd 
looking east.

Replace Culvert
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Replace Culvert
SITE 5A

Unnamed tributary to Mud Creek

Figure 3 - Site 5: Kanuga Rd 
looking east

Site Location and 
Description

Existing Hydraulic 
Conditions

NCDOT Proposed 
Hydraulic Changes

Potential Impacts from 
NCDOT Changes

220-feet east of Site #4 and approximately 380-feet west of Kanuga Heights Lane, 
widen Kanuga Road from 22 to 28-feet. Improvements include adding curb and gutter 
on the westbound lane, adding defined vegetative ditches and appropriate storm 
sewer system. The edge of pavement will to be shifted 12-feet to the north to avoid 
land disturbance within the Flat Rock Historic District.  Due to shifting the road to the 
north, a line of mature trees will be removed for the improvements, and a retaining 
wall will be added on the north side of the roadway.

The existing roadway is narrow and lacks a shoulder. Stormwater sheet flows directly 
to shallow, vegetative ditches, which manages the stormwater from the roadway. All 
stormwater discharges to the Unnamed tributary to Mud Creek.

An existing 8-inch CMP culvert will be replaced by a 24-inch RCP. The discharge 
outlets to a grove of trees and will be dissipated and slowed down by a rip rap outlet, 
then spread-out and flow overland to a moderately steep area (slope is greater 
than 6 percent) for about 85-feet until it meets the unnamed tributary to Mud Creek 
cited in Site #2. The distance from the outlet to the creek is too short for the flow to 
concentrate; therefore, no downstream erosion is expected.

It is assumed that the culvert will be replaced without an on-site detour and short 
duration lane closures. 

The impervious area and peak rate are statistically the same in both the pre-
developed and post-developed conditions. There is a minor increase in runoff volume 
(less than one percent), but within the NCDEQ “Runoff volume match” requirement. 
This site does add runoff to the district, and the cumulative effect from Sites 2 through 
7E may cause unintended harm to existing structures and waterways .

To reduce the post-developed runoff volume to equal to or less than the pre-
developed volume, NCDOT should consider enhancing the roadside ditches with 
a combination of bio-swale, infiltration trench or other alternative volume retention 
measures. The method of retaining stormwater should be made based on potential 
environmental impacts of the devices, especially to the contributing attributes to the 
historic district.

It is further recommended that any changes to the drainage design to reduce the 
post-developed runoff volume to equal to or less than the pre-developed volume be 
presented to Historic Flat Rock to ensure the changes have no additional impacts to 
the district.

COMMENTS

Recommendations 
to Mitigate NCDOT 
Potential Impacts

Replace Culvert
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1
2

Existing 60-inch CMP

Existing Arch Rock Bridge

Unnamed tributary to Mud Creek

Figure 4.1 - Attribute at Risk 
#1: An existing 60-inch CMP 
on Kanuga Heights Road

Site Location and 
Description

Existing Hydraulic 
Conditions

Potential Impacts 
from NCDOT 
Changes

Attribute at Risk #1 is an existing 60-inch CMP with a rock
veneer headwall and endwall on Kanuga Heights Lane, 
located 100-feet south of Kanuga Road and 330-feet 
downstream of Site 5A on the unnamed tributary to Mud Creek.
 
Attribute at Risk #2 an existing rock arch bridge on a private 
driveway, located 110-feet south of Kanuga Road and 165-
feet± downstream of the above mentioned 60-inch CMP.

The unnamed tributary to Mud Creek receives flow from the 
proposed project from Sites #2 through 5A, as well as off-site 
water within the contributing watershed of 73.5± acres. The 
existing 60-inch CMP appears to be in good condition and is 
sized for the 100-year storm event.

The rock arch bridge visually appears in good condition, 
considering its age. However, it shows visual signs of existing 
footer scour and old concrete deterioration. The extent 
of the footer scour cannot be determined without further 
investigation, as settlement of silts and fines over time can 
conceal the true extent of scour. 
 
The total increase in new impervious area (+0.35 acres) and 
peak rate (1.0 CFS) are minor, and the Unnamed tributary of 
Mud Creek can handle these flows. There is a minor increase 
in runoff volume (+1.1 percent), but within the NCDEQ “Runoff 
volume match” requirement. 

The roadway improvements, in and of itself, are not 
anticipated to have any impacts to either Attribute at Risk #1, 
an existing 60-inch CMP on Kanuga Heights Lane or #2, an 
existing rock arch bridge; however, since the rock arch bridge 
shows signs of hydraulic distress, the impact of adding any 
water to the creek cannot be fully known until the structure is 
inspected and the actual condition is identified.

To reduce the post-developed runoff volume so that any 
scouring is not accelerated by NCDOT’s actions,  NCDOT 
should consider enhancing the roadside ditches with 
a combination of bio-swale, infiltration trench or other 
alternative volume retention measures. The method of 
retaining stormwater should be made based on potential 
environmental impacts of the devices, especially to the 
contributing attributes to the historic district.

It is further recommended that any changes to the drainage 
design to reduce the post-developed runoff volume to equal 
to or less than the pre-developed volume be presented to 
Historic Flat Rock to ensure the changes have no additional 
impacts to the district.

COMMENTS

Recommendations 
to Mitigate NCDOT 
Potential Impacts

Figure 4.2 - Attribute at Risk 
#2:  An existing rock bridge 
on a private driveway, looking 
from the creek leaving the 
rock bridge.

Figure 4.3 - Attribute at Risk 
#2: An existing rock bridge on 
a private driveway, looking 
from the creek entering the 
rock bridge.

Attributes at Risk #1 and 2
SITE 5B
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Replace Culvert
6AReplace Culvert

SITE 6A

Site Location and 
Description

Existing Hydraulic 
Conditions

NCDOT Proposed 
Hydraulic Changes

Potential Impacts from 
NCDOT Changes

220-feet east of Site #4 and approximately 380-feet west of Kanuga Heights Lane, 
widen Kanuga Road from 22 to 28-feet. Improvements include adding curb and gutter 
on the westbound lane, adding defined vegetative ditches and appropriate storm 
sewer system. The edge of pavement will to be shifted 12±-feet to the north to avoid 
land disturbance within the Flat Rock Historic District.  Due to shifting the road to the 
north, a line of mature trees will be removed for the improvements, and a retaining 
wall will be added on the north side of the roadway.

The existing roadway is narrow and lacks a shoulder. Stormwater sheet flows directly 
to shallow, vegetative ditches, which manages the stormwater from the roadway. All 
stormwater discharges to the unnamed tributary to Mud Creek.

An existing 12-inch RCP culvert will be replaced by a 24-inch RCP located 
approximately 250-feet west of Thornhill Drive. The culvert discharges to a 2-foot 
wide rock lined channel, which will slow down the flow, then spread-out and flow 
overland through woodlands for about 70-feet until it meets the unnamed tributary to 
Mud Creek cited in Site #2. The distance from the outlet to the creek is too short for 
the flow to concentrate; therefore, no downstream erosion is expected.

It is assumed that the culvert will be replaced without an on-site detour and short 
duration lane closures. 

The increase in new impervious area (+0.10 acres) and peak rate (1.8 CFS) are minor, 
and the unnamed tributary of Mud Creek can handle these flows. There is an increase 
in runoff volume (17 percent), which is slightly above the NCDEQ “Runoff volume 
match” requirement. This site does add runoff to the district, and the cumulative 
effect from Sites 2 through 7E may cause unintended harm to existing structures and 
waterways.

To reduce the post-developed runoff volume to equal to or less than the pre-
developed volume, NCDOT should consider enhancing the roadside ditches with 
a combination of bio-swale, infiltration trench or other alternative volume retention 
measures. The method of retaining stormwater should be made based on potential 
environmental impacts of the devices, especially to the contributing attributes to the 
historic district.

It is further recommended that any changes to the drainage design to reduce the 
post-developed runoff volume to equal to or less than the pre-developed volume be 
presented to Historic Flat Rock to ensure the changes have no additional impacts to 
the district.

Recommendations 
to Mitigate NCDOT 
Potential Impacts

Unnamed tributary to Mud Creek

COMMENTS

Figure 5 - Site 6: Kanuga Rd 
looking east.
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Site Location and 
Description

Existing Hydraulic 
Conditions

Potential Impacts from 
NCDOT Changes

Attribute at Risk #3 is a meadow and dirt drive approximately 150-feet west of 
Beaumont Drive on the southside of Kanuga Road. It is potentially impacted from the 
cumulative effect from Sites 2 through 6.

The unnamed tributary to Mud Creek receives flow from the proposed project from 
Sites #2 through 6, as well as off-site water within the contributing watershed of 
79.7± acres. 

The total increase in new impervious area (+0.63 acres) and peak rate (2.80 CFS) are 
minor, and the unnamed tributary of Mud Creek can handle these flows. There is a 
minor increase in runoff volume (2.2 percent), but within the NCDEQ “Runoff volume 
match” requirement.

The proposed improvements are not anticipated to have any impacts to Attribute at 
Risk #3. 

NoneRecommendations 
to Mitigate NCDOT 
Potential Impacts

COMMENTS 

Attributes at Risk 3

Meadow downstream of 
Kanuga Road

6B
3

Replace Culvert
Attributes at Risk 3

SITE 6

Unnamed tributary to Mud Creek

Attributes at Risk #3
SITE 6B
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Replace Culvert
Discharge flows to areas where the 
streambank is presently undercut

7A

Attribute at Risk 4 and 5
72-inch CMP at Beumont Dr.

7B 4

UN TRIB to Mud Creek 
Stream Alteration & Cutbanks

7C
Impact to CMP of Excessive 
Flow over Spillway
Attribute at Risk 6

7D

Impact to Excessive 
Flow to Create a Sinkhole
Attribute at Risk 7

7E

SITE 7

Unnamed tributary to Mud Creek

Site Location and 
Description

Hydraulic Conditions

NCDOT Proposed 
Hydraulic Changes

220-feet east of Site #4 and approximately 380-feet 
west of Kanuga Heights Lane, widen Kanuga Road 
from 22 to 28-feet. Improvements include adding curb 
and gutter on the westbound lane, adding defined 
vegetative ditches and appropriate storm sewer system. 
The edge of pavement will to be shifted 12±-feet to 
the north to avoid land disturbance within the Flat 
Rock Historic District.  Due to shifting the road to the 
north, a line of mature trees will be removed for the 
improvements, and a retaining wall will be added on the 
north side of the roadway.

The existing roadway is narrow and lacks a shoulder. 
WB direction stormwater flows to shallow, vegetative 
ditches, and EB direction stormwater sheet flows off-site 
to adjacent meadows. All stormwater discharges to the 
Unnamed tributary to Mud Creek.

An existing 18-inch RCP culvert will be replaced by a 
42-inch RCP located approximately 300-feet east of 
Beaumont Drive. The culvert discharges to a 3-feet wide 
rock lined channel, which will slow down the flow, then 
spread-out and flow overland for about 110-feet until it 
meets the unnamed tributary to Mud Creek cited in Site 

COMMENTS - 7A

Fig. 6.1 - Site 7: Kanuga 
Rd looking east. Stream’s 
underground here.

5

6

7
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#2. The distance from the outlet to the creek is too short 
for the flow to concentrate; therefore, no downstream 
erosion is expected.

It is assumed that the culvert will be replaced without an 
on-site detour and short duration lane closures. 

There is slightly less flow at this culvert in the post 
developed condition.  This is mostly accounted for due 
to the westbound travel lanes being directly discharged 
to the adjacent properties. The overall decrease in 
impervious area (-0.11 acres), peak rate (-2.4 CFS) and 
runoff volume (less than 0.5 percent) are minor.

The proposed improvements at Site 7A are not 
anticipated to have impacts to Flat Rock Historic District, 
to downstream roads, buildings, bridges, or water 
quality.

None

 

Potential Impacts from 
NCDOT Changes

Recommendations 
to Mitigate NCDOT 
Potential Impacts

COMMENTS - 7B / Attribute at Risk #4

Site Location and 
Description

Hydraulic Conditions

Potential Impacts from 
NCDOT Changes

Recommendations 
to Mitigate NCDOT 
Potential Impacts

Attribute at Risk #4 is a 60-inch CMP culvert at 
Beaumont Drive. It is potentially impacted from the 
cumulative effects from Sites 2 through 7A.

This site and the unnamed tributary to Mud Creek 
receives flow from the proposed project from Sites 
#2 through 7A, as well as off-site water within the 
contributing watershed of 124.6± acres. 

The existing streambank upstream from Beaumont 
Drive is vegetative, natural and stable, which minimizes 
the fine sediment in the creek.
 
The existing 60-inch CMP appears to be in good 
condition and is sized for the 100-year storm event.

The total increase in new impervious area (+0.71 acres) 
and peak rate (1.0 CFS) are minor, in comparison to the 
total watershed of 124.6± acres. The unnamed tributary 
of Mud Creek can handle these flows. There is a minor 
increase in runoff volume (less than 0.5 percent), but 
within the NCDEQ “Runoff volume match” requirement. 
This site does receive increased water from Sites 2 
through 7A. The cumulative effect from this runoff may 
cause unintended harm to this existing structure .

To reduce the post-developed runoff volume to equal to 
or less than the pre-developed volume, NCDOT should 
consider enhancing the upstream roadside ditches 
with a combination of bio-swale, infiltration trench 

Figure 6.2 - 60-inch CMP at 
Beaumont Drive

Figure 6.3 - Upstream from 
Beaumont Drive

7A CONTINUED
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or other alternative volume retention measures. The 
method of retaining stormwater should be made based 
on potential environmental impacts of the devices, 
especially to the contributing attributes to the historic 
district.

It is further recommended that any changes to the 
drainage design to reduce the post-developed runoff 
volume to equal to or less than the pre-developed 
volume be presented to Historic Flat Rock to ensure the 
changes have no additional impacts to the district.

7B CONTINUED

COMMENTS - 7C / Attribute at Risk #5

Site Location and 
Description

Hydraulic Conditions

Potential Impacts from 
NCDOT Changes

Attribute at Risk #5 is the meadow and the Unnamed 
tributary to Mud Creek immediately downstream from 
Beaumont Drive. It is potentially impacted from the 
cumulative effects from Sites 2 through 7A.

The unnamed tributary to Mud Creek receives flow from 
the proposed project from Sites #2 through 7A, as well 
as off-site water within the contributing watershed of 
124.6± acres.
 
The existing streambank downstream from Beaumont 
Drive winds and meanders its way 1,100±-feet to a 
private pond. In the first 350±-feet, there is evidence of 
bank undercutting and alterations. The streambanks are 
moderately eroded. The vegetation at the edge of the 
creek is neatly trimmed, shallow-rooted grass, leaving 
little prospect for deep rooted vegetation, such as 
riparian grasses, sedges, rushes and wooded species, 
to develop and stabilize the streambank. This causes 
a weakness in the bank and allows for continuing 
undercutting of the bank, as well as depositing fine 
sediment in the creek.
 
The total increase in new impervious area (+0.71 acres) 
and peak rate (1.0) are minor, in comparison to the total 
watershed of 124.6± acres. The unnamed tributary of 
Mud Creek can handle these flows. There is a minor 
increase in runoff volume (less than 0.5 percent), but 
within the NCDEQ “Runoff volume match” requirement. 
This site does receive increased water from Sites 2 
through 7B. The cumulative effect from this runoff may 
inflect additional erosion and cut banks to the creek.

If this feature did not presently show signs of distress, 
then it would not be anticipated that the NCDOT 
project would have any impacts to Attribute at Risk 
#5; however, an increase in runoff from upstream will 
accelerate the streambank undercuts and erosion. The 
stream show signs of erosion and its banks have been 
compromised from past high waters. In this situation, 
minimizing any increase in runoff volume should be part 

Figure 6.4 - Downstream from 
Beaumont Drive



BACK TO
TABLE OF
CONTENTS

PA G E  1 7
14H

of the solution to restore the habitat functions so that it 
can be sustainable for future generations.

• The creek bank may need to be stabilized to 
prevent further erosion and stream alterations using 
bioengineered bank stabilization or controlled plantings. 
For more information, refer to FEMA-feets guide, titled, 
Engineering With Nature Alternative Techniques to 
Riprap Bank Stabilization.

• To reduce the post-developed runoff volume to equal 
to or less than the pre-developed volume, NCDOT 
should consider enhancing the upstream roadside 
ditches with a combination of bio-swale, infiltration 
trench or other alternative volume retention measures. 
The method of retaining stormwater should be made 
based on potential environmental impacts of the 
devices, especially to the contributing attributes to the 
historic district.

If it is determined that an increase in cumulative runoff 
will have an impact to downstream features, then an 
appropriately sized bio-swale or equivalent BMP should 
be considered to retain the increase in upstream runoff 
volume.

The existing streambank erosion is an opportunity 
for NCDOT to collaborate with Historic Flat Rock and 
the property owner to enhance water quality in the 
district.  Should NCDOT not be able to reduce the 
post-developed runoff volumes for all discharges 
affecting this unnamed tributary and should mitigation 
be required for NCDOT impacts to the historic district 
for the additional runoff, this site should be considered 
for streambank stabilization mitigation measures.  It 
is not recommended that the possible mitigation and 
water quality enhancements be included in the NCDOT 
plans, but rather oversight and implementation be in the 
control of Historic Flat Rock and the property owner.

COMMENTS - 7D / Attributes at Risk #6

Site Location and 
Description

Hydraulic Conditions

Attribute at Risk #6 is a 60-inch CMP culvert 
downstream of the private pond at Rivoli Blvd, located 
1/3-mile south of Kanuga Road. It is potentially impacted 
from the cumulative effects from Sites 2 through 7A.
 
This site and the unnamed tributary to Mud Creek 
receives flow from the proposed project from Sites 
#2 through 7A, as well as off-site water within the 
contributing watershed of 124.6± acres and the 
watershed within Beaumont Commons.

The 60-inch CMP is fed from the discharge from 
the private pond that flows over the spillway. The 

Figure 6.5 - Spillway

Recommendations 
to Mitigate NCDOT 
Potential Impacts

7C CONTINUED
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COMMENTS - 7E / Attribute at Risk #7

Site Location and 
Description

Hydraulic Conditions

Attribute at Risk #7 is the  culvert downstream of the 
private pond and Rivoli Blvd at Beaumont Drive, located 
600-feet south of Rivoli Blvd  and 0.45 miles south 
of Kanuga Road. It is potentially impacted from the 
cumulative effects from Sites 2 through 7A.

This site and the unnamed tributary to Mud Creek 
receives flow from the proposed project from Sites 

pond surface elevation is naturally set to the spillway 
elevation; therefore, and runoff into the pond will raise 
the surface and force the equivalent amount of water 
over the spillway and down to the CMP at Rivoli Bldv.

The existing 60-inch CMP appears to be in fair to good 
condition. The pipe is protected from the on rush of 
water flowing down the spillway by strategically placed 
rock and healthy vegetation. On the outlet side, there is 
a large “blow hole”. The water lines in the CMP reveal 
the pipe flows at times near or at capacity. From field 
observations, it appears the culvert is undersized, and 
adding additional flow will only heighten the problem.

The total increase in new impervious area (+0.71 acres) 
and peak rate (1.0 CFS) are minor, in comparison to the 
total watershed of 124.6± acres. The unnamed tributary 
of Mud Creek can handle these flows. There is a minor 
increase in runoff volume (less than 0.5 percent), but 
within the NCDEQ “Runoff volume match” requirement. 
This site does receive increased water from Sites 2 
through 7C. The cumulative effect from this runoff may 
inflict unintended harm to this structure.

If this feature did not presently show signs of reaching 
flow capacity, then it would not be anticipated that the 
NCDOT project would have any impacts to Attribute at 
Risk #5; however, the CMP appears to be undersized. 
An increase in runoff from upstream will intensify the 
current condition.

To reduce the post-developed runoff volume to pre-
developed volume, NCDOT should consider enhancing 
the roadside ditches with a combination of bio-swale, 
infiltration trench or other alternative volume retention 
measures. The method of retaining stormwater should 
be made based on potential environmental impacts of 
the devices, especially to the contributing attributes to 
the historic district.

It is further recommended that any changes to the 
drainage design to reduce the post-developed runoff 
volume to equal to or less than the pre-developed 
volume be presented to Historic Flat Rock to ensure the 
changes have no additional impacts to the district.

Recommendations 
to Mitigate NCDOT 
Potential Impacts

7D CONTINUED

Figure 6.8 - CMP at Rivoli Blvd

Potential Impacts from 
NCDOT Changes

Figure 6.6 - CMP at Rivoli 
Blvd, looking downstream 
from the private pond

Figure 6.7 - CMP at Rivoli 
Blvd, looking downstream 
from Rivoli Blvd.
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#2 through 7A, as well as off-site water within the 
contributing watershed of 124.6± acres and the 
watershed within Beaumont Commons.

The RCP is fed from the discharge from the private 
pond that flows over the spillway of the private pond, 
plus any local flow from the upstream watershed. 
The existing 65 by 76-inch arch CMP appears to be 
in fair to good condition. The pipe is protected from 
the on rush of water rip rap embankment and healthy 
vegetation, yet there are voids in the banks indicating 
the banks have been submerged routinely.

On the outlet side, there is a large “blow hole”. The 
water lines of the CMP reveal the pipe flows reaches at 
least half-capacity. The site visit revealed an apparent 
sink hole developing above the outlet of the CMP. 
Sinkholes in this situation could develop when fines 
from around the pipe are washed out due to high water, 
leaving voids which eventually collapses.

The total increase in new impervious area (+0.71 acres) 
and peak rate (1.0 CFS) are minor, in comparison to the 
total watershed of 124.6± acres. The Unnamed tributary 
of Mud Creek can handle these flows. There is a minor 
increase in runoff volume (less than 0.5 percent), but 
within the NCDEQ “Runoff volume match” requirement. 
This site does receive increased water from Sites 2 
through 7D. The cumulative effect from this runoff may 
inflict unintended harm to this structure. 

To reduce the post-developed runoff volume to pre-
developed volume, NCDOT should consider enhancing 
the roadside ditches with a combination of bio-swale, 
infiltration trench or other alternative volume retention 
measures. The method of retaining stormwater should 
be made based on potential environmental impacts of 
the devices, especially to the contributing attributes to 
the historic district.

It is further recommended that any changes to the 
drainage design to reduce the post-developed runoff 
volume to equal to or less than the pre-developed 
volume be presented to Historic Flat Rock to ensure the 
changes have no additional impacts to the district.

Recommendations 
to Mitigate NCDOT 
Potential Impacts

Potential Impacts from 
NCDOT Changes

Figure 6.9 - Developing 
sinkhole above CMP Outlet at 
Beaumont Drive

Figure 6.10 - CMP Outlet at 
Beaumont Drive

7E CONTINUED
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Flows away from Historic 
District to Parry Creek
24-inch RCP

Replace Culvert
SITE 8

Figure 7 - Site 8: Kanuga 
Road at Nelson Valley Ln 
looking east

Existing Hydraulic 
Conditions

Recommendations 
to Mitigate NCDOT 
Potential Impacts

220-feet east of Site #4 and approximately 380-feet west of Kanuga Heights Lane, 
widen Kanuga Road from 22 to 28-feet. Improvements include adding curb and gutter 
on the westbound lane, adding defined vegetative ditches and appropriate storm 
sewer system. The edge of pavement will to be shifted 12±-feet to the north to avoid 
land disturbance within the Flat Rock Historic District.  Due to shifting the road to the 
north, a line of mature trees will be removed for the improvements, and a retaining 
wall will be added on the north side of the roadway.

The existing roadway is narrow and lacks a shoulder. WB direction stormwater flows 
to shallow, vegetative ditches, and EB direction stormwater sheet flows off-site to 
adjacent meadows. All stormwater discharges to the Unnamed tributary to Mud 
Creek.

An existing 12-inch RCP culvert will be replaced by a 24-inch RCP located 
approximately 25-feet east of Nelson Valley Lane. In the pre-developed condition, 
the discharge was to a ditch on private property about 100-feet east of Nelson Valley 
Lane. This project aligns the outlet culvert to discharge through a rip rap outlet to 
the roadside “V” ditch at Nelson Valley Lane. This ditch is shallow with 1:1 side slope 
and goes for about 300-feet before the ditch widens out. The ditch then continues 
along Nelson Valley Lane until it connects to Perry Creek, about 1,050-feet north of 
Kanuga Road. The rip rap outlet will dissipate the velocity from the increased flow, but 
the longitudinal slope of Nelson Valley Lane of five-percent may cause rutting and 
erosion downstream. 

It is assumed that the culvert will be replaced without an on-site detour and short 
duration lane closures. 

The increase in rate (5.5 CFS) and volume is mostly due to making the stormwater 
system more efficient by reducing the number of discharge points at private 
properties and directing the flow to one convenient and public point at Nelson 
Valley Road. Ultimately, the runoff in the post-developed condition flows away from 
Flat Rock Historic District and to Parry Creek in the same manner as it did before 
construction. At this discharge point, there is an increase in runoff volume (70 
percent); however, there is no change in total runoff volume to Parry Creek between 
Nelson Valley Road and Beaumont Drive.

Therefore, the proposed improvements will have no impacts to Flat Rock Historic 
District, to downstream roads, buildings, bridges, or water quality.

NCDOT should study the roadside ditch along Nelson Valley Lane to confirm whether 
the existing condition can handle the additional runoff. 

Site Location and 
Description

NCDOT Proposed 
Hydraulic Changes

Potential Impacts from 
NCDOT Changes

COMMENTS 
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a

c
b

d

Replace Culvert

Replace Culverts

Replace Culverts at 
sites a,b,c, and d 

SITE 9A

Site Location and 
Description

Existing Hydraulic 
Conditions

NCDOT Proposed 
Hydraulic Changes

Site #9A is the combined potential of the proposed 
changes on Kanuga Road from Nelson Valley Road to 
Crooked Creek Road that incorporates nine discharge 
points to Parry Creek and Osceola Lake. The existing 
road is 22-feet wide and surrounded by woods.

Improvements include widening the road to 28-foot, 
adding curb and gutter on the westbound lane, adding 
defined vegetative ditches and appropriate storm 
sewer system. The improvements follow the existing 
alignment. 
 
The existing roadway is narrow and lacks a shoulder. 
Stormwater either flows to shallow, undefined 
vegetative ditches, sheet flows off-site to adjacent lands 
or follows the edge of pavement to a discharge point. 
All stormwater discharges to Parry Creek or Osceola 
Lake.

Three of the nine discharge points present a potential 
area of concern to property outside of NCDOT ROW, 
and are as follows:

a) At Hideaway Cove, a private lane, the discharge 
culvert is upgraded from a 18-inch RCP to a 24-inch 
RCP., and no outlet dissipater is provided at the 

COMMENTS

Fig. 8.1 - Hidaway Cove 
Outlet.
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driveway culvert. Due to the increase in peak rate of 
1.5 CFS, runoff volume (+7.9 percent) and no outlet 
dissipater at the culvert exit, downstream erosion on the 
private property is likely.

b) Between Pinecrest Lane and Stone House Road 
the discharge follows a private driveway. The increase 
in discharge is relatively small (3.1 CFS); however, the 
increase in runoff volume (+115 percent), doubles the 
pre-developed condition and is above the NCDEQ 
“Runoff volume match” requirement. The doubling of 
runoff volume onto a private driveway at 8 percent 
slope may be a change in conditions and a potential for 
erosion.

c) At the driveway located 230-feet east of Crooked 
Creek Road, a private lane, the discharge culvert is 
upgraded from a 15-inch RCP to a 24-inch RCP. The 
increase in discharge is relatively small (1.8 CFS); 
however, the increase in runoff volume (+12.1 percent) is 
above the NCDEQ “Runoff volume match” requirement. 
The down slope is 12 percent, so there is an opportunity 
for the discharge to concentrate at some point 
downstream and cause erosion.

It is assumed that these culverts will be replaced without 
an on-site detour and short duration lane closures. 

The total increase in new impervious area (+1.39 acres) 
and peak rate (9.1 CFS) are minor in comparison to the 
watershed of 29.3 acres. Ultimately, the runoff in the 
post-developed condition flows away from Flat Rock 
Historic District and to Parry Creek in the same manner 
as it did before construction. There is a minor increase 
in runoff volume (7.0 percent), but within the NCDEQ 
“Runoff volume match” requirement.

The proposed improvements from Site 9A are not 
anticipated to have impacts to Flat Rock Historic District, 
to downstream roads, buildings, bridges, or water 
quality.

None

Potential Impacts from 
NCDOT Changes

Recommendations 
to Mitigate NCDOT 
Potential Impacts

SITE 9 CONTINUED

Fig. 8.2 - Kanuga Road 
looking east towards 
Pinecrest Lane
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a
Replace Culvert

b 18-inch RCP
Replace Culvert

Replace Culverts at 
sites a and b

SITE 9B

Site Location and 
Description

Existing Hydraulic 
Conditions

NCDOT Proposed 
Hydraulic Changes

Site #9B is the combined potential of the proposed changes on Kanuga Road from 
Nelson Valley Road to Crooked Creek Road that incorporates four discharge points 
that eventually flows to Mud Creek. The existing road is 22-feet wide and surrounded 
by woods.

Improvements include widening the road to 28-foot, adding curb and gutter on the 
westbound lane, adding defined vegetative ditches and appropriate storm sewer 
system. The improvements follow the existing alignment.  

The existing roadway is narrow and lacks a shoulder. Stormwater either flows to 
shallow, undefined vegetative ditches, sheet flows off-site to adjacent lands or follows 
the edge of pavement to a discharge point. 

Two of the four discharge points present a potential area of concern to property 
outside of NCDOT ROW, and are as follows:

a) At 200±-feet east of Kanuga Pines Drive, the discharge culvert is upgraded from a 
15-inch RCP to a 18-inch RCP.  The increase in peak rate (0.4 CFS) is minor; however, 
there is a slight increase in runoff volume (12 percent), which is slightly above the 
NCDEQ “Runoff volume match” requirement. 

b) 75-feet west of Dunean Lane, two discharge points from Kanuga Road join 
together downstream along a private driveway at an existing 18-inch HDPE and 
18-inch CMP. The combined peak flow (20 CFS) and increase in runoff volume (5 
percent).

It is assumed that the culvert will be replaced without an on-site detour and short 
duration lane closures.

COMMENTS
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The total increase in new impervious area (+1.39 acres) and peak rate (1.2 CFS) 
are minor in comparison to the watershed of 29.3 acres. There is a minor increase 
in runoff volume (5.2 percent), but within the NCDEQ “Runoff volume match” 
requirement. Ultimately, the runoff in the post-developed condition travels 
approximately 0.5 miles before eventually joining Mud Creek in the same manner 
as it did before construction. This distance is too great for the project to have any 
impacts on the Historic District. 

The proposed improvements from Site 9B are not anticipated to have impacts to Flat 
Rock Historic District, to downstream roads, buildings, bridges, or water quality.

None 

Potential Impacts from 
NCDOT Changes

Recommendations 
to Mitigate NCDOT 
Potential Impacts

24-inch RCP
Replace Culvert

a

b
36-inch RCP
Replace Culvert
and add ditch to 
Mud Creek

SITE 10
Replace Culverts at 
sites a and b
Add ditch to Mud Creek

Site Location and 
Description

Site #10 is the combined potential of the proposed changes on Kanuga Road from 
Crooked Creek Road to State Street / Erkwood Drive that incorporates four discharge 
points that eventually flows to Mud Creek. The existing road is 22-feet wide and 
surrounded by woods.

COMMENTS

Figure 9 - Kanuga Road 
looking east towards 
Oklawaha Circle



BACK TO
TABLE OF
CONTENTS

PA G E  2 5
22H

Improvements include widening the road to 28-foot, adding curb and gutter on the 
westbound lane, adding defined vegetative ditches and appropriate storm sewer 
system. The improvements follow the existing alignment.  

The existing roadway is narrow and lacks a shoulder. Stormwater either flows to 
shallow, undefined vegetative ditches, sheet flows off-site to adjacent lands or follows 
the edge of pavement to a discharge point. 

Two of the four discharge points present a potential area of concern to property 
outside of NCDOT ROW, and are as follows:

a) The discharge at 312-feet west of Oklawaha Circle, the discharge culvert is 
upgraded from 15-inch RCP to 24-inch RCP. The flow leaves the site through a rip 
rap outlet to a 2-feet wide base ditch, follows natural contours for about 500-feet at 
9 percent slope and eventually flows to Mud Creek.  The flow path, which is not well 
defined, dissects two residences and flows towards a garage/out building. There 
is an increase in peak rate (2.3 CFS), runoff volume (22 percent), and steep slope 
(greater than 8 percent).  Downstream, rutting and erosion is possible. 

b) The discharge at Erkwood Drive, the discharge culvert is upgraded from 15-inch 
CMP to 36-inch RCP.  The flow exists the site through a rip rap outlet and flows to an 
appropriately sized ditch, then follows the ditch for about 540-feet until discharging 
into Mudd Creek.  There is an increase in peak rate (3.9 CFS) and runoff volume (30 
percent). The ditch is appropriately sized to handle this increase in peak rate and 
runoff volume.

It is assumed that the culvert will be replaced without an on-site detour and short 
duration lane closures. 

The total increase in new impervious area (+1.3 acres) and peak rate (3.7 CFS) are 
minor in comparison to the watershed of 26.4 acres. There is a minor increase 
in runoff volume (9.2 percent), but within the NCDEQ “Runoff volume match” 
requirement. Ultimately, the watershed from this project is insignificant to the total 
watershed of Mud Creek to have any impact on the Historic District. 

The proposed improvements from Site 1 are not anticipated to have impacts to Flat 
Rock Historic District, to downstream roads, buildings, bridges, or water quality.

None

Existing Hydraulic 
Conditions

NCDOT Proposed 
Hydraulic Changes

Potential Impacts from 
NCDOT Changes

Recommendations 
to Mitigate NCDOT 
Potential Impacts

SITE 10 CONTINUED
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A.3  Additional Considerations for Climate Change

Design practices for stormwater are based on 
historical climate conditions. NOAA National Centers 
for Environmental Information maintains this data, 
including precipitation depth and precipitation 
intensity. This data, which is used to size culverts and 
stormwater management measures, is derived from 
historical records and presented in average recurrence 
intervals. As the climate changes, the new precipitation 
and intensity data is inputted into their models, creating 
new standards. This continuing changing data is 
reflected in today’s design, but these designs may not 
be optimum for new climate conditions.  As a 
result, the proposed improvements will manage 
these storms better than the existing roadway as the 
project improves the efficiency of stormwater flow and 
stabilizes the points of discharge; this results in better 
protection for creeks and bridges. 

Yet, as it is very likely that rainfall design values will 
increase in the future as the climate warms. Culverts 
and stream bank stabilization measures designed 
according to today’s design values will tend to fail more 
frequently in the future, potentially leading to increased 
frequency of flooding in those areas protected by 
that infrastructure. Climate predictions indicate the 
future conditions will be different from those of today 
or of the past, with an expected increase in extreme 
precipitation frequency and intensity in mountain areas 
of North Carolina, as well as an increase in the number 
of severe thunderstorms. These changing conditions 
will in the future adjust the design data we use today. 
Such increases in extreme precipitation frequency 
and intensity will unintentionally lead to some existing 
culverts, which are properly sized and designed for 
today’s conditions, to be undersized and inadequate. 

The following Attributes of Interest discussed in this 
report have some outstanding issue that may be 
impacted by future changes due to NCDOT’s actions, 
coupled with the potential effects of “Climate Change”. 
For these interests, it is imperative that no additional 
runoff or increase in velocity of runoff enter the district 
which could further mitigate the current conditions.

Attribute of Interest #2 - A historic rock arch bridge, 
shows evidence of existing footer scour and old 
concrete deterioration.

Attribute of Interest #5 - The creek downstream 
of Beaumont Drive entrance, the streambanks are 
moderately eroded and shows evidence of bank 
undercutting and alterations.

Attribute of Interest #6- The CMP culvert downstream 
of the private pond at Rivoli Blvd, appears to already 
flow at full capacity and there is visual evidence that 
this culvert may be presently undersized.

Attribute of Interest #7 - The CMP culvert downstream 
of the private pond and Rivoli Blvd at Beaumont Drive, 
shows signs of hydraulic distress from high water 
volumes upstream.
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Historic Flat Rock 
R-5748 Impacts 

Structural Analysis 
Rock Arch Bridge on Kanuga Heights Road 

 
Background 
Flat Rock Historic District is a national historic district in Flat Rock, Henderson County, North 
Carolina. The North Carolina Department of Transportation (NCDOT) is proposing roadway 
improvements along Kanuga Road (SR 1127) from Little River Road to South Church Street 
under STIP Project Number is R-5748.  Historic Flat Rock, Incorporated (HFR) is concerned with 
the stormwater runoff impacts R-5748 will have on the district. 
 
In the investigation of potential impacts to the historic district for stormwater runoff, a structure 
of significance was identified to receive additional study on how the hydraulics impacts of R-
5748 could further impact the structural integrity.  The structure is located on a private driveway 
at 2806 Kanuga Road between Kanuga Heights Road and Beaumont Drive and spans an 
unnamed tributary to Mud Creek.  The structure is a rock masonry arch constructed in the early 
1830’s as a back entrance and construction entrance to the Beaumont House.  It measures 
approximately seven feet wide at the bottom and has a maximum height of approximately 7-1/2 
feet.  The structure was constructed on a horizontal curve and the rock arch faces are placed on 
the horizontal curve.  The foundation of the rock arch is concrete footers. 
 
Field Inspection 
A site investigation was conducted by Garry Moore, PLS, a Certified Bridge Safety Inspector on 
July 6, 2020.  His inspection was visual from the inlet end and outlet end and inside the culvert.  
Mr. Moore took the following photographs during his visit.   

Inlet End Facing Downstream Inside Facing Downstream Left Side 
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Inside Viewing Ceiling 1 

Inlet End Facing Downstream Left Side Inlet End Left Side Footing  

Inlet End Left Side Footing 

Inside Facing Downstream Left Side Inside Facing Downstream Right Side 
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Mr. Moore noted the absence of cracking in the structure and no deformations in the arch 
alignment nor the inlet/outlet walls.  There was no cracking detected in the rock blocks.  The 
mortar between the blocks appeared solid without pitting. 

The concrete footing on the left side facing downstream appeared to have lost some of its mass.  
The coarse aggregate within concrete was plainly visible and the footer was not true to its 
original alignment.  The concrete footing on the right side facing downstream appeared to be 
true to line and did not exhibit loss of mass.  Just upstream from the arch inlet, the streambank 
on the right side facing downstream also exhibited scour. 
 
Conclusions and Recommendations 
Based on the age of the structure, it is in overall very good condition.  The scour on the inlet end 
and in the left side footing is the only noticeable defect that is concerning.  If the footer 
continues to erode or become undermined, shifting of static stresses in the structure can 
accelerate the deterioration.  The key to preserving this structure for many years into the future 
is to protect this footing from additional water velocities along its front.   
 
As noted in the Hydraulics Report section of this Study, the increase in velocity of the runoff 
anticipated from the R-5748 Project is about 1.0 Cubic Feet Per Second.  This increase in 
velocity will add additional stresses to the footing which is already compromised.   
 
It is recommended that scour protection of this footing be designed and implemented as soon 
as practicable to protect this structure.  This recommendation is based on current runoff 
conditions.  It is recommended that until this scour condition be addressed, no additional runoff 
be allowed into this watercourse.  It is further recommended that the scour protection be 
designed to be visually compatible with the historic character of this structure and the historic 
district. 
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INTRODUCTION
Historic Flat Rock is a national historic district located in 
Henderson County, North Carolina. It was originally listed 
in the National Register in 1973, and in 1995, the Village 
of Flat Rock became incorporated. The rich history of the 
village gives it character which should be preserved.

The natural features of Flat Rock also contribute to 
the uniqueness of place. Southern Appalachian low-
elevation granitic domes, rock formations which give 
the area its name, are unique to the region and globally 
rare. These geologic features harbor unique plant 
communities that contribute to the natural beauty of 
the areas surrounding the village (source: National Park 
Service). 

The North Carolina Department of Transportation 
(NCDOT) is proposing roadway improvements along 
Kanuga Road (SR 1127) from Little River Road to South 
Church Street (NCDOT STIP Project Number R-5748). 
The specific area of the historic district that will be 

impacted by this proposed improvement project 
lies between Little River Rd. and Kanuga Pines Drive, 
highlighted along the western side of the above map. 
Totaling just under 1.0 mile, this section of roadway is 
immediately adjacent to the western boundary of the 
Flat Rock Historic District and the project will potentially 
have the most direct impact to the district in this area.

Historic Flat Rock, Inc. (HFR) has expressed concern with 
the visual impacts that the NCDOT STIP project will have 
on the historic district .

Equinox reviewed the NCDOT plans and associated cross 
sections that were available.  NCDOT has not provided 
its Erosion Control Plans nor its design for utility 
relocation at this time, nor has there been a demolition 
plan produced that indicates to what extent existing 
vegetation will be impacted.  Thus, any visual impacts to 
the historic district that result from utility relocation or 
demolition could not be assessed as part of the review.
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Mud Creek 
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2251127

0 0.5 10.25
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ANALYSIS OF 
VISUAL IMPACTS 
Equinox evaluated the design details of the R-5748 
project and assessed their impacts from a visual 
perspective on the areas and attributes at risk along 
the Kanuga Rd. corridor.  Equinox then evaluated the 
details of the design features for context of physically 
being within the Historic District of Flat Rock. Proposed 
features such as the appearance of stone or rock for 
permanent erosion control and scour protection, the 
appearance of stormwater control measures, of curbing, 
guardrail, and retaining walls, groundcover, and 
planting recommendations were evaluated. 
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MAP
Analyzed viewshed to further 
narrow in on potential impacts 
from the R-5748 project.
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*Visibility was accessed during a site visit from points along roads to verify whether there was additional visibility of the Kanuga Road 
corridor within the Study Limits. The yellow areas shown in this Viewshed Analysis display only areas that are visible from the address points 
within the Study Limits, so some additional analysis was done on the ground and noted on this map.
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V IE WSHED A N A LYSIS

A viewshed analysis was conducted on the study area using GIS topographic data to determine areas 
visible from within the Historic Flat Rock District. The limits of study for this report, extend 2,000 feet 
inward from Kanuga Road. Of particular interest are the visual reaches from within the District towards 
Kanuga Road to the Northwest, the site of the proposed NCDOT R-5748 project. 

Viewshed analysis uses available elevation data to create a digital elevation model (DEM) from which 
the relationship between points on a surface are determined. In this type of analysis, vegetative cover 
(i.e. trees  and  shrubs)  and  structural  cover  are  not often considered  when  determining  what  can  be  
seen  from a certain point, as data used to create the model is limited to topographic surface data. The 
map on the previous page displays the surface area (in yellow) that are visible from the homes located 
in the study limits.  As shown on the map, there are specific areas of the Kanuga Road corridor that are 
especially visible from these homes. 

Despite limitations in the ability to consider all on-the-ground conditions, the viewshed analysis was a 
useful tool in narrowing the focus of potential areas of impact, identifying lands most critical to view-
shed protection for the district.  Opportunities for viewshed protection should become a part of green 
infrastructure planning and cultural resource protection for the District. 

To verify the mapping analysis, the visible areas from along roads within the area of study were verified 
in the field.  Some field notes are shown on the maps.  Using both mapping and field data, the visibility 
of the Kanuga Road corridor from within the District was shown to be limited in some areas based on 
topography and vegetative cover.  However, any changes to the landscape along the corridor could have 
significant impacts on the visual character of the District.  

The character of Historic Flat Rock gives priority to privacy, to forested buffers, and to open pastoral vistas. 
Significant tree removal and the addition retaining walls could challenge the character of Flat Rock.  It 
is important that the corridor itself be treated not only as a threshold, but as integral to the character 
of the Historic District. It should also be noted that the Kanuga Rd corridor represents an area with high 
visibility to those travelling to and along the Flat Rock Historic District. For many, Kanuga Rd functions 
as the public face into the Historic Flat Rock District, thus the character along either side the corridor is 
likely to reflect upon the character of the District. 
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EROSION CONTROL
Soil erosion can happen slowly, gradually washing 
away top soil, or it can happen quickly in heavy rain 
events. In either scenario, the land is stripped bare of 
valuable natural resources, which can negatively affect 
plant viability and lead to the sedimentation of streams 
and rivers. Once soil erosion occurs, it is more likely to 
happen again. 

Erosion Control Measures are interventions in the 
landscape that reduce erosion potential by stabilizing 
exposed soil and slowing the velocity of runoff before 
it develops into an erosive force. These measures are 
classified into two main categories: temporary control 
measures and permanent control measures. Permanent 
soil erosion control measures should be incorporated 
into the overall design of the R-5748 project to address 
long-term post-construction erosion and sediment 
control. For this analysis, we are are concerned with the 
visual impact of permanent control measures. 

Measures that can be used to minimize erosion include: 
retaining walls, ground surface stabilization,  rock energy 
dissipaters at pipe and channel outlets, and the use of 
check dams across ditches to slow water velocity and 
filter runoff.

Vegetation, however, is the most effective means of 
mitigating erosion. The incorporation of native plants is 
used to both stabilize and augment the visual character 
of the natural and native setting along the Kanuga 
Road corridor. Plants appropriate to the woodland 
borders and open agrarian fields that currently exist are 
recommended for this reason.

S TORMWATER M A N AGEMENT

Increases in impervious surfaces can increase the overall 
speed and volume of stormwater on a site. When water is 
unable to infiltrate into the ground, it picks up speed as 
it flows across the impervious surface. Increased storm-
water volumes and speeds have negative impacts on 
water quality, in general and more specifically, can cause 
damage to structures through flooding as well as create 
erosive conditions. 

Stormwater Management is the process of diverting, 
slowing or detaining, and infiltrating runoff.  The most 
common Stormwater Contol Measures (SCMs) found in 
residential areas are vegetated road-side swales, rain 
gardens, and natural buffers.  The main purpose of these 
measures is to slow the water, thereby increasing infiltra-
tion and increasing the time it takes for the water to outfall 
from the property.  

The NCDOT R-5748 project uses a combination of roadway 
ditches, driveway culverts, cross-culverts, and sheet flow to 
manage stormwater. Vaughn & Melton Consulting Engineers 
(V&M) conducted a hydraulic and structural analysis to 
analyze and make recommendations for mitigating impacts 
of stormwater discharge based on the plans available.

Additionally, stormwater management can be improved 
by adding concrete curb and gutter, a new storm sewer 
system, roadside ditches, and the addition of rip rap outlet 
protection where there is potential for concentrated flow 
of water. 

Roadside ditches can be designed as bio-swales and 
there are several areas along the corridor where runoff 
from the road can be treated  in bio-retention areas and/
or bio-swales prior to flowing into existing streams. This 
can help mitigate additional impervious surfaces of the 
road project and help protect water quality.

PROPOSED FEATURES
Roa d way constr uction features  per  the 
N orth Carol in a Department  of  Transportation 
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WA LL S
In construction projects, walls are often used to retain 
grade in situations where dimensional constraints (like 
rights-of-way and property boundaries) prevent the use 
of gradual slopes. The use of walls in the landscape can 
serve this structural purpose, while also providing spatial 
qualities and aesthetic character.

Key to the character of Historic Flat Rock, is the use of  
native stone as a building material. Many of the walls 
currently existing along the Kanuga Road corridor and 
within the historic district boundaries are constructed of 
stone, therefore we recommend the use of native stone 
or native stone veneer for walls within the project study 
area. 

ROA DSIDE L A ND - USE  DELINE ATION
According to the NCDOT, roadways must deter errant 
vehicles from leaving the traveled way by establishing a  
clear zone. A clear zone is an unobstructed, traversable 
roadside area that allows a driver to stop safely, or regain 
control of a vehicle that has left the roadway. The width of 
the clear zone is established by the project civil engineer.

Roadside Land-Use Delineators are the physical 
elements that separate the roadway from residents’ 
homes, including curbing, guardrails, fences, berms, 
and boulders. These are important elements for safety, 
but also to the visual character of the Historic Flat Rock 
District. 

According to the World Road Association (PIARC), 
Roadside Land-Use Delineation are designed to limit 
the interaction of humans, animals, and private property 
with the roadway system. These elements, both within 
and outside of the public right-of-way represent efforts 
to help road users perceive the road correctly and to 

make decisions about driving, riding or walking that are 
safe for themselves and other road users.

Along the Kangua Road corridor, the vast majority of  
properties are separated from the road by either a berm 
(topographic change), fence, or planted woodland buffer. 
The character of each element varies by type, but the use 
of a simple natural palette is persistent throughout. We 
recommend that the design of the corridor utilize such 
elements based on the patterns and character of Historic 
Flat Rock.

PL A NTING RECOMMENDATIONS
The use of native plants in the roadside landscape plays 
an important role for many factors and elements that 
are affected by roadway construction in addition to the 
preservation of the visual character of Historic Flat Rock. 
Planning, designing, and implementing re-vegetation 
during and post-construction is of utmost importance. 

Incorporating a diversity of species in roadside plantings, 
as opposed using only a single species is preferred, as 
single-species plantings can become more susceptible 
to damage from disease, insects, and weather extremes. 
In addition, stratification of species and layers within an 
intended ecosystem tend to provide protective cover 
more quickly. 

The deep root systems of many native plants increase 
the soil’s capacity to store water. Native plants can 
significantly reduce water runoff, and for this reason the 
use of native plants is recommended to permanently 
stabilize slopes, for erosion control, and to prevent 
flooding. Native plants should also be used to reflect the 
natural landscape character of this corridor including 
grassland (open areas) and woodland plantings.
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P LA NT I NG  R E COMMEN DATION S

RIVER ROC K  & 
B OU LDERS FOR 
OU TLET PROTECTION

AESTHETIC 
RECOMMENDATIONS
To m ai ntai n  the character  of  the 
Histori c  Flatrock  Distr ict

TY
P

IC
A

L 
R

O
A

D
SI

D
E 

C
H

A
R

A
C

TE
R

R
EC

O
M

M
EN

D
ED

 H
IS

TO
R

IC
 C

H
A

R
A

C
TE

R

S TA R T H F R 
D I S T R I C T

SING LE  SPE CI E S BANK STABI LI ZATION M IX ED SPEC IES B ANK  STAB ILIZATION

LIVE STAK ES 
FOR B ANK  STAB ILIZATION 
ALONG WATER WAYS

GEOTEXTILE FABRI C W/ 
HYDROSEEDING

B OU LDERS AS TOE PROTECTION

RI P- RAP TO E  PROTE CTION

RI P- RAP O UTLE T PROTE CTION
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B STORMW AT E R 

GRASSED SWALE

SCOURED BANK
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B IOSWALE

CONCRETE HE ADW ALL

STONE HEADWALL

INFILTRATION DI TCH

STREAM   B ANK  RESTORATION

WEIRS TO SLOW DOWN WATER FLOW 
& ALLOW FOR INFILTRATION
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C WALLS
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L IVING WALL

STONE WALLCO NCRE TE  MAS O NRY U NIT 
‘BLO CK’  RE TAI NING WALL

CO NCRE TE  ROADSIDE 
PI E R RE TAI NING WALL

STONE WALL

STONE VENEER

AESTHETIC 
RECOMMENDATIONS
To m ai ntai n  the character  of  the 
Histori c  Flatrock  Distr ict

• Stone walls are preferred to maintain historic & 
natural aesthetic of the District. 

• Stone veneer is an acceptable alternative to 
stone wall. 

• Living or other sustainable wall system is also an 
acceptable alternative. 
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*see section on Recommended Plantings for a list of 
recommended species

E R ECOM M EN D ED  P LA N T IN GS

D ROADSIDE  
LAND- USE D ELIN EAT ION

*NOTE: Aside from the use of guard rails, specific features for roadside land-
use delineation have not necessarily been prescribed as part of the Kanuga 
Rd. expansion, the integration of these elements will not only provide 
the corridor with character of the Historic Flat Rock District, they will also 
contribute to safety.

• Maintain / recreate the existing rhythm of 
alternating open fields & forested buffers along the 
corridor.

• Plant vegetative buffers for visual or noise 
abatement.

• Establish natural vegetative stands to cultivate 
indigenous communities and allow for defined 
areas of natural succession.

• Promote use of native vegetation. 

• Preserve healthy, mature trees and/or vegetation 
to reinforce the existing vegetative edge along the 
ROW, wherever possible.

• Remove invasive exotic species. These can 
deteriorate environmental quality and cause 
damage to property.

BO ULD ERS

WEATH ERED STEEL  GUARD RAIL

STEEL-B ACK ED TIMBER 
GUARD RAIL

STEEL GUARD RAIL

ST EEL G UAR D  RAIL

SIMPLE SIGNAGE

MIXED  FO R EST  BUF F ER 

OPEN FIELD/MEADOW

SIMPL E WOODEN FENCES

SIMPL E WOODEN FENCES
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ADD ITIONAL RECOMMENDED VISUAL LAND-USE DELINEATORS
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Much of the aesthetic character of Historic Flat Rock 
can be attributed in part to the natural landscape of 
this mountain village and surrounding area. Thus, the 
preservation, restoration, or establishment of native plant 
species in the roadside landscape joins together the 
native heritage of Historic Flat Rock and a healthy land 
ethic. Native plants have many inherent qualities and 
adaptive traits that make them an aesthetically pleasing, 
practical, and ecologically valuable for landscaping. They 
contribute to the health, and even the restoration, of 
an ecosystem by placing fewer demands on resources.

RECOMMENDED 
PLANTINGS
Native species that currently exist & would be a 
part of the target natural community represented

A NATIVE  T R E E S ( C A NOPY )

Little Leaf Linden  
Tillia cordata

Tulip Poplar  
Lirodendron tulipifera

Eastern Hemlock  
Tsuga canadenses

Bigleaf Magnolia 
Magnolia macrophylla

Oak Species

Maple Species
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B NATIVE T R E E S ( UNDE RSTORY)

Hawthorn 
Crateagus spp.

Flowering Dogwood 
Cornus florida

American Holly  
Ilex opaca

Redbud 
Cercis canadensis

Serviceberry 
Amelachier arborea

HERITAGE TRE E  P R OG RA M

The Flat Rock Historic District, as documented within 
the National Register of Historic Places, includes not 
only the historic homes but the cultural landscapes 
associated with them. This includes the land on 
which homes are built, the trees and gardens, and the 
settings created by their owners. 

Historic Flat Rock has implemented a Heritage Tree 
Program to document and preserve the beauty of 
trees within the village.

A tree is considered for inclusion to be a Heritage Tree 
if it has reached mature growth, has significant historic 
value to the community, is a rare species, or provides 
a habitat for rare species of plants, animals, or birds. 
These trees are as much a reflection of the history of 
Flat Rock as the homes found here. 

At the time of this study, no known Heritage trees 
were identified along the study corridor. The inclusion 
of this section is to emphasize the importance of 
landscape to the cultural heritage of the Historic Flat 
Rock district.
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C NATIVE SH R U BS

Rhodendron 
Rhododendron catawbiense

Carolina Alspice 
Calycanthus floridus

Mountain Laurel 
Kalmia latifolia

Elderberry 
Sambucus

ADDI T I ONA L R E COM MEN DED WOODLAN D BUFFER SPECIES

CANOPY TREES: 

Eastern White Pine - Pinus strobus 

Wild Black Cherry - Prunus serotina

Sweetgum - Liquidambar styraciflua‘Rotundiloba’

Black Gum - Nyssa sylvatica

UNDERSTORY TREES: 

Fringe Tree - Chionanthus virginicus

Witch Hazel - Hamamelis virginiana

SHRUBS:

Arrowwood Viburnum -  Viburnum dentatum

Spicebush - Lindera benzoin

Black Chokeberry - Aronia malanocarpa

Blueberries - Vaccinium spp.

Sumac - Rhus spp.

Inkberry Holly - Ilex glabra

Ninebark - Physocarpus opulifolius
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APPROPRIAT E  W I LD FLOW E R  & N ATIVE GRASS SPECIES
Little Bluestem - Schizachyrium scoparium

Indiangrass - Sorghastrum nutans

Virginia Wildrye - Elymus virginicus

Purple Coneflower - Echinacea purpurea

Golden Ragwort - Pachera aurea  

Lanceleaf coreopsis - Coreopsis lanceolata

Blackeyed Susan - Rudbeckia hirta

Narrowleaf Mountain Mint - Pycnanthemum 
tenuifolium

Golden Alexanders - Ziziz aurea

Dog Hobble 
Leucothoe fontanesiana

D NATIVE GR OUNDCOV E RS

APPROPRIAT E  BI OSW A LE  P LAN TS
Path Rush - Juncus tenuis

Soft Rush - Juncus effusus

Woodoats - Chasmanthium latifolium

Switchgrass - Panicum virgatum 

Ironweed - Vernonia noveboracensis

Blueflag Iris - Iris versicolor 

Cardinal Flower - Lobelia cardinalis

Great Blue Lobelia - Lobelia siphilitica

Fern Species 

Blue-Eyed Grass 
Sisyrinchium angustifolium

Green & Gold 
Chrysogonum virginianum
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The existence of invasive exotic (IE) plants along the existing 
Kanuga Rd. Corridor are diverse and abundant. 

Due to the staged, multi-year nature of STIP construction 
projects, and the subsequent extended period of land 
disturbance, consideration should be given to the 
prevention and eradication of invasive species. Invasive 
plants move easily within and between areas of disturbance 
both directly from equipment and indirectly through 
seed dispersal or seed banking. Listed are some of the 
species identified along the corridor during a site visit.

INVASIVE EXOTIC
PLANTS
Currently found along the Kanuga Rd corridor

Multiflora Rose (Rosa multiflora)
Historically widely promoted and planted throughout the 
U.S.  for the wrong reasons, this attractive plant has now 
become a noxious weed that has escaped cultivation and 
threatens native species. The 5-petaled flowers bloom in 
May or June and are fragrant, white or pink, and about 1” 
diameter.

Burning Bush (Euonymus alatus)
Still commonly used in landscaping, this ornamental plant 
turns a  bright, fiery red in the fall.  Birds consume the fruit 
and widely distribute its abundant seeds, which makes it 
difficult to control.

Oriental Bittersweet (Celastrus orbiculatus)
This is still a popular ornamental but it kills other plants by 
growing over them – much like kudzu. It has invaded natural 
habitats in the and occurs primarily in open habitats, like 
fields, disturbed forests, forest edges, and roadsides.

English Ivy (Hedera helix)
A favorite vine and groundcover in the southeast, however, 
dense mats of English Ivy can outcompete other native 
ground covers, and when allowed to climb trees and strangle 
and even topple trees to the ground.

Japanese Honeysuckle (Lonicera japonica)
The viney plant with fragrant flowers was brought to the 
U.S. as an ornamental but has quickly spread into natural 
habitats. It forms evergreen mats which shade out native 
vegetation and climb up small trees and shrubs.
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Autumn Olive (Elaeagnus umbellata)
Like the thorny olive tree, its tasty fruits make it popular with 
wildlife and thus, it is easily dispersed. In spring and early 
summer, white or yellow tubular flowers bloom in clusters. 
Small, red fruits appear in the fall. The shrub is dense and 
shades out native plant species.

Wisteria (Wisteria floribunda)
This deciduous woody vine is identified by its fragrant 
clusters of drooping lavender flowers.  The flowers bloom 
in spring. It forms heavy vines which girdle, strangle, and 
kill trees and shrubs. It disperses mainly though runners. 
There is also a native variety which produces similar flowers, 
however, it will not climb or spread as aggressively.

Privet (Ligustrum sinense)
Privet grows along roadsides, in woods, bottomlands, and 
along streams and can form dense thickets which wipes out 
competing herbaceous vegetation. The shrub produces a 
small black fruit in late summer, early fall which is consumed 
by birds. The leaves are dark, glossy, and oval-shaped 
growing oppositely along the branches. 
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EROSION  CONTROL

• Consider river rock & boulders for outlet protection 
instead of rip-rap.

• Use a mixture of plant species & types (trees, shrubs, 
native grasses) to stabilize slopes as opposed to 
using a single species or seeding by itself.

• Use boulders for toe protection instead of rip-rap.
• Use vegetation during construction to reduce 

erosion, minimize competition, and establish first 
stage color/canopy plants.

• Along waterways, plant banks with live stakes for 
stabilization. 

• Strongly encourage the use of stone for retaining 
walls along the corridor (stone veneer options 
okay).

• Living or other sustainable wall system could be 
an acceptable alternative to native stone wall. 

• Use weathered steel for guard rails as opposed to 
standard steel.

• Consider the use of steel-backed timber guard rails 
in highly visible locations.

• Keep materials simple - rustic wooden farm fences,  
split-rail fences, & large boulders.

• Use bioswales in place of grassed swales & ditches 
to promote biological diversity as well as visual & 
aesthetic diversity.

• Use stone for headwalls instead of concrete, 
particulary in areas of high visibilty. 

• Employ the use of use natural materials for 
interventions designed to slow stormwater.

• Consider restoration of the unnamed tributary to 
Mud Creek in order to prevent any further scouring.  

• Use vegetation for stormwater protection/filtration/
buffer systems, as first line of defense.

• Maintain / recreate the existing rhythm of alternating 
open fields & forested buffers along the corridor.

• Plant vegetative buffers for visual or noise abatement, 
especially in front of proposed retaining walls.

• Establish natural vegetative stands to cultivate 
indigenous communities and allow for defined 
areas of natural succession.

• Promote use of native vegetation. 
• Preserve healthy, mature trees and/or vegetation 

to reinforce the existing vegetative edge along the 
right-of-way, wherever possible.

• Remove invasive exotic species. These can deteriorate 
environmental quality and cause damage to property. 

SUMMARY OF 
RECOMMENDATIONS
NCDOT Im provement P roject 
(R- 5 7 4 8 )

ROA DSIDE  L A ND - USE  DELINE ATION

S TORMWATER

WA LL S

PL A NTING

The character of Historic Flat Rock gives priority to 
privacy, to forested buffers, and to open pastoral vistas. 
When specifying materials, consider the use of materials 
that reflect the historic, natural character of the district.
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