
A G E N D A 
CITY OF HENDERSONVILLE CITY COUNCIL – REGULAR MEETING 

OCTOBER 4, 2018 – 5:45 P.M. 

Council Chambers - City Hall 

1. Call to Order

2. Invocation and Pledge of Allegiance

3. Public Comment Time: Up to 15 minutes is reserved for comments from the public for 
items not listed on the agenda 

4. Consideration of Agenda

5. Consideration of Consent Agenda: These items are considered routine, 
noncontroversial in nature and are considered and approved by a single motion and 
vote. 

A. Consideration of Minutes:

i. September 6, 2018 Regular Meeting

ii. September 25, 2018 Special Meeting

B. Consideration of Budget Amendment

C. Consideration of Certificate of Sufficiency for the Contiguous Annexation of a Parcel
Located at 917 Rutledge Annex

D. Consideration of the Reclassification of Certain Positions

E. Consideration of Request to Use Berkeley Mills Park for 2019 Mad Mountain Mud
Run

F. Consideration of Easement Agreement with Education Research Consortium for the
placement of a Point of Presence in the Maple Annex Lot

6. Recognitions/Proclamations:

A. Presentation of the 2018 Tree City of the Year Award for North Carolina

B. Proclamation for American Pharmacists Month

C.  Proclamation for Fire Prevention Week

D. Introduction of Officers Zeke Johnston and Keenan Nesbitt
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7.  Public Hearing – Consideration of an Application from Ebenezer Church to Rezone the 
Parcel Located at 2557 Chimney Rock Road from HMU Highway Mixed Use District to  
C-3CZD Highway Business Conditional Zoning District  

  Presenter: Planner Daniel Heyman 
 
8.  Presentation by NCDOT of Options for Roundabouts Design Review at White Street 

from Willow Road to U.S. 176 and NC 225 from S. King Street to U.S. 176  
  Presenter: Jonathan Woodard, PE, NCDOT Project Engineer 
 
9.  Consideration of the Rental Assistance Demonstration Program (RAD) 
  Presenter:  City Manager John Connet and Diana Brow, Executive Director of 

Hendersonville Housing Authority 
 
10.  Consideration of Construction Manager at Risk for Police Department Headquarters 
  Presenter:  Assistant City Manager Brian Pahle 
 
11.  Comments from Mayor and City Council Members 
 
12.  Reports from Staff 

13.  Consideration of Appointments to the Historic Preservation Commission and Board of 
Adjustment and Report of Board Vacancies 

  Presenter: City Clerk Tammie Drake 
 
14.  New Business  
 
15.  Request for Closed Session 
 
16.  Adjourn 



















































American Pharmacists Month Proclamation 
Office of Mayor Barbara G. Volk 
Hendersonville, North Carolina 

Whereas, 

Whereas, 

Whereas, 

Whereas, 

Whereas, 

Whereas, 

Whereas, 

Whereas, 

Whereas, 

AMERICAN PHARMACISTS MONTH PROCLAMATION 

Pharmacy is one of the oldest of the health professions concerned with the health and weB-being of a11 
people; and 

Today, there are more than 300,000 pharmacists licensed in the United States providing services to ensure 
the safe and effective use of all medications; and 

The safe and effective use of medication, as a cost-effective alternative and a mechanism to avoid more 
expensive medical procedures, is a major force in moderating overall health care costs; and 

Today's powerful and complex medications require greater attention to the manner in which they are used 
by different patient population groups-both clinically and demographica11y; and 

It is important that all users of prescription and nonprescription medications, their families or their 
caregivers, be knowledgeable about and share responsibility for their own drug therapy; and 

Pharmacists have extensive education and expertise on drugs and medication therapy, which makes them 
ideally suited to work collaboratively with patients and their health care team members to improve 
medication use and outcomes; and 

Pharmacists provide patients with expertise, knowledge and accessibility, a11 crucial factors to support 
improvement in our nation 's public health; and 

Pharmacists are best positioned to be the health care professionals to help patients improve their adherence 
to their medications, and provide patient care services that ensure optimal medication therapy outcomes; 
and 

the American Pharmacists Association and the City of Hendersonville have declared October as American 
Pharmacists Month with the theme 

"Know Your Pharmacist, Know Your Medicine." 

IN WITNESS WHEREOF, I have hereunto set my hand this fourth day of October, in the year two thousand eighteen. 

NOW, THEREFORE, I, Barbara G. Volk, Mayor of the City of Hendersonville, by virtue of the authority vested in me, do 
hereby proclaim October as American Pharmacists Month in the City of Hendersonvi11e and urge a11 our citizens to 
acknowledge the valuable services of pharmacists to provide safe, affordable and beneficial pharmaceutical care services 
and products to all citizens. 

Mayor 







CITY OF HENDERSONVILLE 
AGENDA ITEM SUMMARY

Submitted By:   Department: 

Date Submitted:   Presenter:   

Date of Council Meeting to consider this item:

Nature of Item: 

Summary of Information/Request:           Item #

Budget Impact:  $____________________ Is this expenditure approved in the current fiscal year 
budget?   If no, describe how it will be funded. 

Suggested Motion:

Attachments:

Melissa Justus Police

09.27.18 Chief Herbert Balke

10.04.18

Presentation Only

06d

Chief Blake would like to introduce Police Officers Zeke Johnston and Keenan Nesbitt.

Ezekiel Dauhn Johnston, or Zeke as he is referred to, started with the Hendersonville Police Department on August 18,
2018. Zeke graduated from Owen High School in 2015. He attended and graduated from BLET (Basic Law Enforcement
Training) on August 17, 2018 from McDowell Community College. He is married to Shelby and they have a son, Joshua.

Keenan Nakoa Nesbitt started with the Hendersonville Police Department on June 9, 2018. Keenan graduated from Polk
County High School in 2010. He attended and graduated from BLET (Basic Law Enforcement Training) on December 5,
2017 from Isothermal Community College. Keenan is married to Maria and has two step-children, Christian and Yuri.

Please welcome them both to the City of Hendersonville.

N/A

N/A

N/A































CITY OF HENDERSONVILLE 
AGENDA ITEM SUMMARY

Submitted By:   Department: 

Date Submitted:   Presenter:   

Date of Council Meeting to consider this item:

Nature of Item: 

Summary of Information/Request:           Item #

Budget Impact:  $____________________ Is this expenditure approved in the current fiscal year 
budget?   If no, describe how it will be funded. 

Suggested Motion:

Attachments:

Tammie Drake Admin

09.26.18 Jonathan Woodard, NCDOT

10.04.18

Discussion/Staff Direction

08

The City was contacted by Mr. Woodard, NCDOT Project Engineer, who stated they are contemplating some design
changes to the proposed roundabouts at White Street from Willow Road to U.S. 176 and NC 225 from S. King Street to
U.S. 176 under projects U-5886/U-6049.

Attached is a report prepared for NCDOT by an engineering firm hired by them to review the preliminary designs for the
roundabouts proposed by this project. The report makes several recommendations regarding the roundabouts and they
would like to discuss some of the recommendations with the Council and get their feedback.

N/A



 

FILENAME: K:\H_PROJECTS\22\22488 - NCDOT 2018 TMSD LSC\001 ROUNDABOUT REVIEWS\002 U-5886_U-6049 

HENDERSON\MEMO\DRAFT\HENDERSONVILLE ROUNDABOUTS MEMO_V2 EJM.DOCX 

555 FAYETTEVILLE STREET, SUITE 300

RALEIGH, NC 2760 1

P 919.271.6891

 
 

MEMORANDUM  
 

Date: August 14, 2018 Project #: 
22488.1 

To: Jim Dunlop, PE 

 North Carolina Department of Transportation 

 Transportation Mobility and Safety Division 

From: Zachary Bugg, PhD, PE; Bradley Reynolds, PE, and Ed Myers, PE 

Project: White St from Willow Rd to U.S. 176 and NC 225 from South King St to U.S. 176 (U-5886 

and U-6049) 

Subject: Roundabouts Design Review 

 

At the request of North Carolina Department of Transportation (NCDOT) Transportation Mobility and 

Safety Division, Kittelson & Associations, Inc. (KAI) performed a review of three proposed roundabouts 

along White Street and NC 225 (STIP U-5886 and U-6049) in Henderson County, NC. The project location 

is displayed in Figure 1 (Reference 1). 

 
Figure 1. Project Location (Reference 1) 

  

N 

HENDERSONVILLE 

Project Location 
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The project includes roundabouts at the following intersections: 

Roundabout 1: South Main Street (U.S. 25 Business)/South Church Street – Multilane roundabout  

Roundabout 2: Kanuga Road (SR 1127)/White Street (SR 1170) – Single-lane roundabout + bypass lanes 

Roundabout 3: Willow Road (SR 1171)/Hebron Road (SR 1172) – Mini-roundabout 

Figure 2 displays a schematic of the two projects from the design plans, including the locations of the 

three proposed roundabouts.  

 

Figure 2. U-5886 and U-6049 Project Schematic 

As shown, Project U-5886 will realign White Street from Willow Road to U.S. 176 (Spartanburg Highway), 

replacing the bridge over Mud Creek. The project will also connect Hebron Road to White Street west of 

Kanuga Road. Project U-6049 will improve South Main Street from South King Street to U.S. 176, including 

the widening of the bridge over Mud Creek to five lanes. This project includes major modifications to the 

South Main Street / NC 225 (Greenville Highway) / U.S. 176 / Fresh Market access intersection and will 

redirect left turns at the intersection to adjacent intersections at the relocated White Street and the 

proposed Roundabout 1. 

We reviewed the 25 percent preliminary design plans for the three roundabouts provided by NCDOT, 

including the following elements: 

▪ Operational performance assessment 

▪ Lane geometry 

Roundabout 1 

Roundabout 2 

Roundabout 3 
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▪ Horizontal design: 

 Roundabout sizing and placement, 

 Entry and circulatory roadway widths, 

 Fastest path checks, 

 Design vehicle checks, 

 Natural path and approach alignment, 

 Splitter island design,  

 Sidewalk design, 

 Bicycle design, and 

 Preliminary stopping and sight distance checks. 

▪ Vertical design. 

Each of these elements was reviewed against guidance provided in NCHRP Report 672: Roundabouts: An 

Informational Guide, 2nd Edition (Reference 2). The following sections provide a review of these elements 

for each individual roundabout. A design sketch with potential modifications was not included in the 

review. This can be prepared at NCDOT’s request to aid in updating the roundabout designs. 

ROUNDABOUT 1: SOUTH MAIN STREET / SOUTH CHURCH STREET 

The South Main Street / South Church Street intersection is currently two-way stop control, with the 

southbound South Church Street and northbound South Main Street approaches being free-flow and the 

southbound South Main Street approach being stop-controlled. The Fresh Market shopping center right-

in/right-out access forms the west leg of the intersection and is also stop-controlled. As shown in Figure 

3, the proposed roundabout is a hybrid of single- and multilane approaches, with a two-lane approach 

on southbound South Church Street, a northbound continuous right-turn bypass lane on northbound 

South Main Street, an eastbound right-turn bypass lane at the Fresh Market driveway, and single-lane 

entries on all other approaches. 
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Figure 3. Roundabout 1 Overview 

Operational Analysis 

We obtained the 2040 design year AM and PM peak hour turning movement volumes and corresponding 

SIDRA and Highway Capacity Software (HCS) analysis from NCDOT. We duplicated the analysis in HCS 

2010, with model parameters adjusted to reflect the Highway Capacity Manual (HCM), 6th Edition 

roundabout capacity models (Reference 3). Table 1 displays the resulting traffic operations, including the 

level of service (LOS), control delay (seconds per vehicle), volume-to-capacity ratio (v/c), and 95th-

percentile queue length (Q95) (in feet, rounded to the nearest 25 feet to reflect the average vehicle 

length) for each lane group. As configured, the roundabout is expected to operate at LOS A during the 

2040 AM and PM peak hours, with a maximum v/c ratio of 0.54. Appendix “A” provides the HCS output 

sheets for all scenarios. 
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Table 1. Roundabout 1 Traffic Operations 

Roundabout Movement 

2040 AM Peak Hour 2040 PM Peak Hour 

Delay 
(s) 

LOS v/c 
Q95  
(ft) 

Delay 
(s) 

LOS v/c 
Q95  
(ft) 

South Main Street / 
South Church Street 

Eastbound Through 6.6 A 0.01 <25 7.9 A 0.01 <25 

Eastbound Right 6.6 A 0.01 <25 7.9 A 0.02 <25 

Southbound Main Street 3.0 A 0.03 <25 3.2 A 0.06 <25 

Northbound Left 2.7 A 0.01 <25 2.8 A 0.01 <25 

Northbound Right 0.0 A 0.00 <25 0.0 A 0.00 <25 

Southbound Church Street 6.6 A 0.42 50 8.4 A 0.54 75 

Average 3.0 A N/A N/A 4.6 A N/A N/A 

 

The low delays, v/c’s, and queues at the roundabout suggest that it may be overdesigned for the 2040 

turning movement volumes—specifically, the multilane approaches on northbound South Main Street 

and southbound South Church Street may not be necessary. While additional capacity would service 

higher traffic volume in the event of unanticipated area developments or general traffic growth, research 

in NCHRP 672 has shown that roundabouts operate best when “right-sized” to the appropriate turning 

movement demands, and the additional lanes would require more right-of-way, create additional capital 

and maintenance costs, and lead to additional impervious surface than a single-lane design. As described 

in later sections of this memorandum, multilane approaches also introduce additional design challenges 

over single-lane approaches, including the potential for higher speeds and path overlap, both of which 

could lead to additional crashes if the roundabout is not designed accordingly. 

To investigate the potential tradeoffs between different elements of the design, we performed a 

sensitivity analysis of a reduced design with only single-lane approaches and no right-turn bypass lanes. 

The resulting operations (using both existing and 2040 design year volumes) are displayed in Table 2. 

Table 2. Roundabout 1 Traffic Operations (Single-lane Design) 

Analysis Year Movement 

AM Peak Hour PM Peak Hour 

Delay 
(s) 

LOS v/c 
Q95  
(ft) 

Delay 
(s) 

LOS v/c 
Q95  
(ft) 

Existing 

Eastbound Through 6.8 A 0.02 <25 7.9 A 0.02 <25 

Southbound Main Street 2.9 A 0.03 <25 3.1 A 0.05 <25 

Northbound Main Street 14.4 B 0.76 200 10.7 B 0.64 125 

Southbound Church Street 11.5 B 0.66 125 18.7 C 0.82 250 

Average 12.8 B N/A N/A 14.6 B N/A N/A 

2040 Design Year 

Eastbound Through 8.4 A 0.02 <25 10.4 B 0.03 <25 

Southbound Main Street 3.0 A 0.03 <25 3.2 A 0.06 <25 

Northbound Left 27.7 D 0.92 400 16.0 C 0.79 225 

Southbound Church Street 18.6 C 0.82 275 61.9 F 1.06 675 

Average 23.0 C N/A N/A 40.0 E N/A N/A 
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As shown in Table 2, the intersection is expected to operate under capacity as a single-lane roundabout 

in the design year, with the exception of the southbound South Church Street approach, which will 

operate over capacity (v/c = 1.06) during the 2040 PM peak hour. However, based on the lower v/c ratio 

of this approach under existing volumes (v/c = 0.82), it may be possible to open the roundabout as a 

single-lane roundabout and then expand to multiple lanes when they become required for capacity, 

which could be 10 or more years after opening. While South Church Street already has two southbound 

lanes upstream of the roundabout, one of these lanes could be temporarily converted to a bicycle lane, 

green space, or other uses. 

We also analyzed the intersection with the 2040 design year volumes with the existing two-way stop 

control and lane configuration. A Synchro analysis of this configuration indicates the two-way stop 

control would operate at LOS C or better during the 2040 AM and PM peak hours, as shown in Table 3. 

Appendix “A” provides the Synchro output sheets for the two-way stop control analysis. 

Table 3. South Main Street / South Church Street Two-Way Stop Control Operations (2040 Design Year) 

Movement 

2040 AM Peak Hour 2040 PM Peak Hour 

Delay 
(s) 

LOS v/c 
Q95  
(ft) 

Delay 
(s) 

LOS v/c 
Q95  
(ft) 

Eastbound Right 12.1 B 0.01 <25 13.1 B 0.02 <25 

Southbound Main Street 14.9 B 0.11 <25 19.9 C 0.25 25 

Northbound Left - - - - - - - - 

Northbound Right - - - - - - - - 

Southbound Church Street - - - - - - - - 

 

Regarding traffic operations, the roundabout offers only the following benefits over the existing two-way 

stop control: 

▪ Improvement in level of service (from LOS C to LOS A) for the southbound South Main Street 
movement, which is anticipated to serve approximately 40 vehicles during the AM peak hour 
and 71 vehicles during the PM peak hour, per the SIDRA files provided. Note that some 
vehicles may already divert from southbound South Main Street to access South Church 
Street at upstream intersections to the north such as Kanuga Road and Barnwell Street. 

▪ An additional permitted movement from the Fresh Market driveway onto South Main Street 
and South King Street, which would be removed from the main signalized access at South 
Main Street / U.S. 176 in the proposed configuration. The design hour volume for this 
movement provided in the SIDRA files is four vehicles during the AM and PM peak hours, and 
these movements could potentially be shifted to the third access on White Street on the 
south boundary of the Fresh Market shopping center. 

With the added yield control on southbound South Church Street, the roundabout may in fact increase 

the overall delay to vehicles using the intersection. While a full feasibility study and project alternatives 

analysis (including crash analysis, cost estimation, etc.) is outside the scope of this peer review, based on 

the findings of the operations analysis, the proposed roundabout does not offer a clear operational 
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benefit over the existing two-way stop control, and, as described in the following sections, it may even 

introduce additional operational and safety issues as designed.   

Roundabout Feasibility and Queuing Issues 

The roundabout would be located just south of two at-grade crossings of the Blue Ridge Southern 

Railroad–TR Line (Reference 4). Per NCDOT, this railroad line is no longer in service and is expected to be 

rededicated toward a paved pedestrian/bicycle trail. The roundabout operational analysis and design 

should account for this future re-use of the railroad right-of-way. Crosswalks at the roundabout should 

be placed one vehicle length beyond the yield line (approximately 25 feet from the circulatory roadway) 

to control vehicle speeds near the crosswalk and to provide a consistent level of separation between 

driver decision points. As shown in the design plans, the railroad crosses the roundabouts more than 50 

feet upstream of the yield line.  

Additionally, the design year analysis should account for queue spillback on South Main Street in both 

directions between the roundabout and the NC 225 / U.S. 176 signalized intersection located 

approximately 600 feet to the south (Figure 2). While the design includes operational improvements to 

the NC 225 / U.S. 176 intersection, heavy PM peak hour demand there may still create long queues on 

southbound South Main Street extending to the roundabout, which could create sight distance issues 

and/or unexpected spillback into the roundabout exit. Additionally, due to limitations of the HCM 

models, the HCS analysis of the northbound continuous right turn bypass lane at the roundabout does 

not consider the queuing and lane imbalance upstream of the bypass lane, where merging into a single 

lane could create a bottleneck (the 2040 design year AM peak hour volume in the left lane of the 

northbound approach is six vehicles, versus 1,095 vehicles in the right lane)—this is not an issue in the 

existing two-way stop control configuration. A microsimulation analysis may be required to fully 

understand the potential queuing issues along the corridor. The existing two-way stop-control design, 

while less efficient than the roundabout, provides more space between the intersection and the at-grade 

railroad crossing and avoids potential queuing issues along the corridor. 

As shown on the design plans and highlighted in Figure 4, the northbound continuous right-turn bypass 

lane creates a weaving segment between northbound traffic exiting the roundabout and the diverge 

point between South Main Street and South King Street. This could be removed by modifying the exit 

geometry to only allow traffic from the bypass lane to access South King Street. Traffic continuing to 

South Main Street would need to enter the roundabout from the south leg without using the right-turn 

bypass lane. 
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Figure 4. South Main Street / South King Street Weaving Segment 

Both the merge issue on northbound Main Street approaching the proposed right-turn bypass lane and 

the weaving segment north of the roundabout could be eliminated by employing one of the following 

three techniques: 

▪ Eliminating the northbound right-turn bypass lane and converting the northbound approach 
to a single lane; 

▪ Converting the northbound right-turn bypass lane into a yielding lane (i.e., the northbound 
approach would have one exclusive right turn lane and one shared left/right-turn lane; or 

▪ Maintaining the existing two-way stop control. 

We recommend considering one of the following changes to the proposed intersection design: 

1. Maintain the existing two-way stop control;  

2. Open the roundabout with a single-lane approach on southbound South Church Street, 

expandable to multiple lanes when needed; and/or 

3. Modify the northbound South Main Street approach to remove the right-turn bypass lane, 

either by maintaining a single-lane approach or with a yielding right-turn lane. 

We recommend confirming the future uses of the inactive Blue Ridge Southern Railroad-TR Line at-grade 

railroad crossing the north legs of the roundabout. If the railroad right-of-way is rededicated to 

pedestrian/bicycle movements, then any at-grade movements should be shifted to one vehicle length 

(approximately 25 feet) from the roundabout yield line. 

Weaving Segment 

N 
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We recommend modifying the exit geometry on the northeast leg to remove the weaving segment 

between the northbound continuous right-turn bypass lane and the South Main Street / South King Street 

diverge point. 

The operations analysis should explore potential queuing interaction between the roundabout and the NC 

225 / US 176 signalized intersection. 

Entry and Circulatory Roadway Widths 

NCHRP Report 672, Sections 6.4.2 and 6.4.3 provide guidance on roundabout circulatory roadway widths. 

The circulatory roadway width should be at least as wide as the entry width, up to 20 feet. All entry and 

circulatory roadway widths were found to comply with this guidance, with the exception of the Fresh 

Market driveway entry width, which is wider than the receiving circulatory lane.  

We recommend increasing the circulatory roadway width to be at least as wide as the widest entry width. 

Fastest Path Checks 

We measured fastest paths in accordance with NCHRP Report 672, Section 6.7.1, which recommends a 

maximum fastest path speed of 25 mph on single-lane approaches and 30 mph on multilane roundabout 

approaches. Table 4 displays the fastest path speeds at the roundabout. The fastest path radii are 

rounded to the nearest five feet, and cells highlighted in yellow show speeds exceeding the 

recommended maximum. Appendix “B” contains the fastest path figures.  

Table 4. Roundabout 1 Fastest Paths 

Approach Path Radius Speed 
Recommended 

Maximum Speed 

Northbound 
South Main 

Street 

R1 305 28 25 

R4 50 14 25 

R5 205 27 25 

Southbound 
South Church 

Street 

R1 300 31 30 

R2 260 27 30 

R3 205 27 30 

R4 45 14 30 

R5 130 23 30 

Southbound 
South Main 

Street 

R1 90 20 25 

R2 75 17 25 

R3 260 23* 25 

R4 50 14 25 

Eastbound 
Fresh Market 

Driveway 

R1 120 22 25 

R2 65 16 25 

R3 150 22 25 

R5 80 19 25 

*Exit speed is limited by circulating speed and maximum acceleration. 
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As shown, the following fastest path speeds are greater than the maximum speeds recommended by 

NCHRP Report 672: 

▪ The entry fastest path speed on the multilane southbound South Church Street approach is 
31 mph, which is greater than the 30 mph maximum recommended by NCHRP Report 672. 
Potential updates to the roundabout design should aim to control speeds on this approach.  

▪ The speed on the northbound South Main Street approach is 27 mph, which is greater than 
the 25 mph maximum recommended by NCHRP Report 672. This can be addressed by 
introducing more deflection on the approach. 

▪ The speeds within the right-turn bypass lane from northbound South Main Street are greater 
than the 25 mph maximum recommended by NCHRP Report 672. This can be addressed by 
using tighter curvature within the right-turn bypass lane or, as previously suggested, 
removing the right-turn bypass lane altogether. 

As the design is updated, we recommend maintaining speeds of 30 mph or less on the southbound South 

Church Street approach. We recommend modifying the northbound South Main Street approach and 

right-turn bypass lane to decrease the fastest path speeds to 25 mph or less. 

Design Vehicle Checks 

Per discussions with NCDOT, we assumed a WB-67 for all movements at the roundabout. We tested the 

turning paths using AutoTurn 9.0 and found the following potential deficiencies: 

▪ As shown in Figure 5, the southbound South Main Street approach to the roundabout does 
not permit a WB-67 to enter the roundabout without encroaching upon the outside curb. 
This can be addressed by increasing the entry radius. 

 

Figure 5. Southbound South Main Street Design Vehicle Checks 

 

N 
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▪ As shown in Figure 6, the Fresh Market right-turn bypass lane geometry does not 
accommodate a WB-67 truck. This can be addressed by adjusting the radii and curb lines.  

 

Figure 6. Eastbound Fresh Market Driveway Design Vehicle Checks 

▪ Special care should be given to truck movements on multilane approaches, including the 
southbound South Church Street approach. Typically, the design strategy for multilane 
approaches can be classified into one of three cases: 

 Case 1: A truck may sweep over both lanes to enter and circulate the roundabout, 
and passenger cars should not pass trucks. 

 Case 2: A truck may enter and circulate the roundabout adjacent to passenger cars, 
i.e. passenger cars may pass trucks within the roundabout. 

 Case 3: Trucks may enter and circulate side-by-side. 

Currently, the southbound through movement through the roundabout is designed for Case 
2 operation only if the truck uses the inside lane, as shown in Figure 7. If the truck uses the 
outside lane (Figure 8), then it will need to use both lanes to exit the roundabout, i.e. 
passenger cars could not pass trucks on the roundabout exit. The truck volume assumptions 
in the traffic analysis (3 percent trucks) are sufficiently low not to consider Case 3, which is 
typically only needed when truck volumes exceed 10 to 15 percent of total demand. However, 
the design team should consider which of the cases above is appropriate and then design the 
roundabout accordingly. One technique for helping to position vehicles on multilane 
approaches where trucks are expected is to use gore striping, as shown in NCHRP Report 672, 
Exhibit 6-37. Opening the roundabout with a single-lane southbound approach would also 
avoid passenger cars passing trucks. 

N 
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Figure 7. Southbound South Church Street WB-67 Movement (Inside Lane) 

 

 

Figure 8. Southbound South Church Street WB-67 Movement (Outside Lane) 

Appendix “C” contains the design vehicle turning movement figures. 

Design provides 

sufficient width 

for passenger 

car movements 

Truck must use 

inside lane to 

avoid overrunning 

outside curb 

N 

N 



White St from Willow Rd to U.S. 176 and NC 225 from South King St to U.S. 176 (U-5886 and U-6049) Project #: 22488.1 
August 14, 2018 Page 13 

Kittelson & Associates, Inc.  Raleigh, North Carolina 

We recommend adjusting the entry radii and curb lines for the southbound South Main Street approach 

and eastbound Fresh Market driveway right-turn bypass lane to accommodate WB-67 truck movements. 

We recommend using gore striping on the southbound South Church Street approach to help separate 

trucks from adjacent entering traffic. 

Natural Path and Approach Alignment 

Path alignment is discussed in NCHRP Report 672, Section 6.5.4. Vehicle path overlap can occur on 

multilane roundabout segments where the geometry of the design tends to lead vehicles into the 

incorrect lane. This is exhibited at the southbound South Church Street approach, where the outside 

entry lane aligns with the inside circulatory lane, as shown in Figure 9. Typically, this issue can be 

addressed by using a short tangent segment on the entry just upstream of the yield line, as shown in 

NCHRP Report 672, Exhibit 6-30. Similar deficiencies and treatments apply to the southbound South Main 

Street exit. Opening the roundabout with a single-lane southbound approach would also avoid path 

overlap issues. 

 

Figure 9. Path Overlap at Roundabout 1 

 

N 
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We recommend adjusting the southbound South Church Street approach geometry and South Main Street 

exit geometry to remove path overlap. One option is to include a short tangent segment on the entry and 

exit.  

Splitter Island Design 

Appropriately-designed splitter islands help guide vehicle movements, separate opposing traffic, provide 

a refuge for pedestrians, and alert oncoming drivers that a change in roadway geometry is imminent. 

NCHRP Report 672, Section 6.4.1 recommends a minimum splitter island length of 50 feet, with a 

desirable length of 100 feet. Both the eastbound Fresh Market driveway approach and the southbound 

South Main Street approach have splitter islands shorter than 50 feet.  

Additionally, NCHRP Report 672, Section 6.8.1 recommends placement of crosswalks approximately one 

vehicle length upstream of the yield bar. The splitter islands should be at least 6 feet wide through this 

portion of the approach to provide a suitable refuge for pedestrians.  

Finally, the splitter island noses should be designed according to NCHRP Report 672, Exhibit 6-13, as 

shown in Figure 10. The purpose of these design details is to increase the visibility of splitter islands and 

funnel vehicles to the correct path. These details are consistent with standard AASHTO island design 

guidelines. 

 

Figure 10. Splitter Island Offsets (Reference 2) 

We recommend increasing the splitter island lengths to a minimum of 50 feet. 
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We recommend providing a 6-foot minimum splitter island width for pedestrian refuges. 

We recommend modifying the splitter island noses to conform with standard AASHTO island design 

guidelines and NCHRP Report 672, Exhibit 6-13. 

Sidewalk and Crosswalk Design 

NCHRP Report 672, Section 6.8.1 recommends the use of a landscaped buffer or equivalent treatment to 

separate the sidewalk from the roadway wherever possible. This supports pedestrian wayfinding and 

discourages pedestrians from crossing to the central island. A 5-foot minimum buffer is preferred, with 

a 2-foot buffer being the minimum. An example of desirable sidewalk design and buffer widths is 

provided at the NC 225 / U.S. 176 signalized intersection to the south. 

NCHRP Report 672, Section 7.5.2 recommends considering signalized crosswalk treatments at 

roundabout approaches with high vehicular volume, high pedestrian volume, and/or multiple lanes. The 

southbound South Church Street approach and the northbound South Main Street exit north of the 

roundabout are both expected to meet one or more of these criteria, especially if the railroad to the 

north of the roundabout is converted to a pedestrian/bicycle trail. NCHRP Report 672, Section 7.5.2 

discusses a few potential pedestrian signalization options, including warning beacons, rectangular rapid 

flashing beacons (RRFBs), pedestrian hybrid beacons (“HAWK” signals), and full signalization. If multilane 

approaches are still included, then the design team should consider selecting one of these treatments as 

the design moves forward. 

We recommend providing a 5-foot minimum buffer between the sidewalk and roadway where possible, 

with a 2-foot minimum buffer. 

We recommend selecting a signalization treatment for crosswalks at multilane entries and exits at the 

roundabout. 

Bicycle Design 

Guidance on bicycle design at roundabouts is provided in NCHRP Report 672, 6.8.2. While dedicated 

bicycle facilities are not currently present on the approach roadways, bike lanes are recommended on 

South Main Street and South Church Street per the 2017 Hendersonville Bicycle Plan, although these are 

not included in the list of priority projects (Reference 5). If bicycle lanes are provided on the approach 

roadways, NCHRP Report 672 recommends terminating the bike lanes at least 100 feet upstream of the 

yield line.  

The roundabout should be designed so that bicycle users can travel safely and comfortably—because not 

all cyclists have the same experience level and/or expectations, it is preferable to present cyclists with a 

range of options to navigate a roundabout based on the design speed and functional classification of the 

roadway. One treatment is to provide shared-use path system in the vicinity of the roundabout to allow 

cyclists to travel with pedestrians outside the circulatory roadway. NCHRP 672, Exhibit 6-67 shows an 
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example of this treatment, which is also displayed in Figure 11 below. For this treatment, bike lanes 

should be transitioned into ramps and onto the shared-use path system at least 100 feet upstream of the 

yield line. Driveways can also act as ramps if they are located sufficiently far from the roundabout. To 

avoid future construction costs, it is preferable to construct these ramps even if dedicated bicycle 

facilities are not yet present along the study area roadways. 

 

Figure 11. Bicycle Treatments at Roundabouts (Reference 2) 

We recommend providing shared-use paths and ramps at the roundabout. If bicycle lanes will be included 

in the design, then we recommend terminating them at least 100 feet from the roundabouts. 

Preliminary Sight Distance Checks 

We performed a preliminary assessment of intersection and stopping sight distance at the roundabout 

according to guidance provided in NCHRP Report 672, Section 6.7.3. The shaded areas in Figure 12 display 

the areas that should be kept free of high-growth landscaping (i.e. landscaping should be adequately 

maintained), structures, signage, and other sight distance obstructions. NCHRP Report 672 recommends 

limiting sight distance in other areas (using high-growth landscaping, berms, etc.) to focus approaching 

drivers’ attention on critical areas such as conflicting movements. Note that traversable paved areas 

including the truck aprons are assumed to be free of sight distance obstructions and are not included in 

the sight triangles. 
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Figure 12. Roundabout 1 Sight Triangles 

We recommend keeping the sight triangles free of high-growth landscaping, structures, signage, and 

other obstructions, as well as strategically using high-growth landscaping outside the sight triangles to 

focus driver attention on critical areas. 

Vertical Design 

NCHRP Report 672, Section 6.8.7 provides vertical design considerations at roundabouts and 

recommends maintaining entry grades of three percent or less within two vehicle lengths of the yield 

line (approximately 50 feet) to help maintain safe vehicle speeds. The roundabout will be located on 

nearly flat grade, and a review of the approach profiles did not reveal any vertical design issues. However, 

NCHRP Report 672 recommends providing a profile for the circulatory roadway—an example of this is 

shown in Exhibit 6-75 of the report. 

No changes are recommended, but we recommend providing a profile for the circulatory roadway. 
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Recommended Design Changes 

▪ Consider maintaining the existing two-way stop control instead of implementing a 
roundabout. 

▪ Consider opening the roundabout with a single lane approach on southbound South Church 
Street, expandable to multiple lanes when needed. 

▪ Consider modifying the northbound South Main Street approach to remove the right-turn 
bypass lane or convert it to a yielding lane. 

▪ Modify the exit geometry on the northeast leg to remove the weaving segment between the 
northbound continuous right-turn bypass lane and the South Main Street / South King Street 
diverge point. 

▪ Perform a more detailed investigation of queues along both directions of the South Main 
Street corridor between the roundabout the US 176 intersection to the south, including 
potential queue spillback.  

▪ Increase the circulatory roadway width in the single-lane portion of the roundabout to be at 
least as wide as the entry width from the Fresh Market Driveway, which is 18 feet. 

▪ Modify the southbound South Church Street approach to limit fastest path speeds to a 
maximum of 30 mph. 

▪ Modify both the northbound South Main Street right-turn bypass lane and the entry to the 
roundabout to limit fastest path speeds to a maximum of 25 mph. 

▪ Increase the entry radius on the southbound South Main Street approach to accommodate 
WB-67 truck movements. 

▪ Modify the geometry of the eastbound Fresh Market driveway right-turn bypass lane to 
accommodate WB-67 truck movements.  

▪ Use gore striping on the southbound South Church Street approach to help separate trucks 
from adjacent entering traffic. 

▪ Adjust the southbound South Church Street entry and South Main Street exit geometry to 
remove path overlap. 

▪ Lengthen the splitter islands to a minimum of 50 feet, preferably 100 feet. 

▪ Provide a pedestrian refuge with of at least six feet within the splitter islands at all crosswalk 
locations (20 to 30 feet upstream of the yield line on all approaches). 

▪ Modify the splitter island noses to comply with NCHRP Report 672, Exhibit 6-13. 

▪ If the existing at-grade railroad crossing to the north of the intersection is modified into a 
pedestrian/bicycle path, then consider relocating the crosswalk closer to the roundabout (20 
to 30 feet upstream of the yield line). 

▪ Provide a 2-foot minimum landscaped buffer (5-foot preferred) between the sidewalk and 
roadway on all approaches. 

▪ Provide ramps and paths for bicyclists along the exterior of the roundabout. If bicycle lanes 
are provided on the approach roadways, they should be terminated at least 100 feet in 
advance of the roundabout. 
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▪ Keep sight triangles free of high-growth landscaping, structures, signage, and other 
obstructions, and use high-growth landscaping and earthwork outside the sight triangles to 
focus driver attention on critical areas. 

▪ Provide a profile for the roundabout circulatory roadway. 

ROUNDABOUT 2: KANUGA ROAD / WHITE STREET 

The Kanuga Road / White Street intersection is currently signalized and is proposed to be replaced by the 

proposed roundabout (Figure 13), which contains single-lane entries with right-turn bypass lanes on all 

approaches. White Street will be extended to the west of Kanuga Road to create a fourth leg of the 

intersection. 

 

Figure 13. Roundabout 2 Overview 
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Operational Analysis 

Table 5 displays traffic operations at the roundabout, including the LOS, control delay, v/c, and 95th-

percentile queue length for each lane group.  

Table 5. Roundabout 2 Traffic Operations 

Roundabout Movement 

2040 AM Peak Hour 2040 PM Peak Hour 

Delay 
(s) 

LOS v/c 
Q95  
(ft) 

Delay 
(s) 

LOS v/c 
Q95  
(ft) 

Kanuga Road / 
White Street 

Eastbound Left/Through 9.5 A 0.42 50 9.1 A 0.28 25 

Eastbound Right 5.5 A 0.19 25 7.4 A 0.23 25 

Westbound Left/Through 9.6 A 0.29 25 9.9 A 0.42 50 

Westbound Right 6.8 A 0.18 25 5.1 A 0.15 25 

Northbound Left/Through 15.9 C 0.66 125 8.3 A 0.40 50 

Northbound Right 5.5 A 0.20 25 4.2 A 0.10 <25 

Southbound Left/Through 8.0 A 0.37 50 15.1 C 0.62 100 

Southbound Right 4.5 A 0.11 <25 6.0 A 0.22 25 

Average 9.7 A N/A N/A 9.5 A N/A N/A 

 

The low delays, v/c’s, and queues at the roundabout suggest that it may be overdesigned for the 2040 

turning movement volumes—specifically, the right turn bypass lanes may not be necessary. While 

additional capacity would service higher traffic volume in the event of unanticipated area developments 

or general traffic growth, research in NCHRP 672 has shown that roundabouts operate best when “right-

sized” to the appropriate turning movement demands, and the right-turn bypass lanes would require 

more right-of-way, create additional capital and maintenance costs, and lead to additional impervious 

surface than a single-lane design without bypass lanes. Table 6 provides the operations results for a 

single-lane option without bypass lanes.  

Table 6. Roundabout 2 Traffic Operations (Single-lane Geometry) 

Roundabout Movement 
2040 AM Peak Hour 2040 PM Peak Hour 

Delay (s) LOS v/c Q95 (ft) Delay (s) LOS v/c Q95 (ft) 

Kanuga Road / 
White Street 

Eastbound 14.8 B 0.64 125 14.9 B 0.55 75 

Westbound 14.2 B 0.51 75 14.2 B 0.60 100 

Northbound 35.4 E 0.90 300 10.2 B 0.51 75 

Southbound 10.1 B 0.49 75 35.1 E 0.90 300 

Average 18.6 C N/A N/A 18.6 C N/A N/A 

 

As shown, a single-lane roundabout would operate at LOS C during the 2040 AM and PM peak hours, 

with a maximum v/c ratio of 0.90. 

We recommend removing the right-turn bypass lanes from the roundabout. 
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Roundabout Sizing and Placement 

The roundabout has an Inscribed Circle Diameter (ICD) of 95 feet, which is on the small end of the range 

of ICDs suggested in NCHRP Report 672, Exhibit 6-9. As discussed in a later section, the roundabout may 

be too small to accommodate large trucks.  

We recommend increasing the inscribed circle diameter to within the ranges included in NCHRP Report 

672, Exhibit 6-9 based on the intended design vehicle, if space allows. 

Entry and Circulatory Roadway Widths 

The proposed circulatory roadway width is 15 feet, which is below the recommended range of 16 to 20 

feet for single-lane circulatory roadways in NCHRP Report 672. Additionally, the entry width on the 

westbound White Street approach is wider than the receiving circulatory lane. All other entry widths 

were reviewed and found to comply with guidance in NCHRP Report 672. 

We recommend increasing the circulatory roadway width to be at least as wide as the widest entry width. 

Fastest Path Checks 

Table 7 displays the fastest path speeds at the roundabout. The fastest path radii are rounded to the 

nearest five feet, and cells highlighted in yellow show speeds exceeding the recommended maximum. As 

shown, the following fastest path speeds are greater than the maximum speeds recommended by NCHRP 

Report 672: 

▪ The speeds on westbound White Street entering and exiting the roundabout are both greater 
than the 25 mph maximum speed recommended by NCHRP Report 672. This can be 
addressed by increasing the roundabout ICD, which will deflect vehicle movements into and 
out of the roundabout. 

▪ The speed on southbound Kanuga Road within the right-turn bypass lane is greater than the 
25 mph maximum speed recommended by NCHRP Report 672. This can be addressed by 
either removing the bypass lane (see earlier comment) and increasing the roundabout ICD or 
introducing more curvature in the right-turn bypass lane. 
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Table 7. Roundabout 2 Fastest Paths 

Approach Path Radius Speed 
Recommended 

Maximum Speed 

Northbound 
Kanuga Road 

R1 110 21 25 

R2 45 13 25 

R3 180 23 25 

R4 40 13 25 

R5 110 21 25 

Southbound 
Kanuga Road 

R1 160 24 25 

R2 40 13 25 

R3 100 19 25 

R4 40 13 25 

R5 250 29 25 

Eastbound 
White Street 

R1 95 20 25 

R2 95 18 25 

R3 165 23 25 

R4 40 13 25 

R5 30 13 25 

Westbound 
White Street 

R1 330 32 25 

R2 60 16 25 

R3 315 27* 25 

R4 40 13 25 

R5 85 19 25 

*Exit speed is limited by circulating speed and maximum acceleration. 

We recommend increasing the inscribed circle diameter to increase vehicle deflection and decrease 

fastest path speeds.  

Design Vehicle Checks 

Per discussions with NCDOT, we assumed a design vehicle of a school bus to/from the west leg and a WB-

67 truck for all other movements. We tested the turning paths for these design vehicles using AutoTurn 

9.0 and found the following potential deficiencies: 

▪ As shown in Figure 14, the eastbound White Street movements do not permit a school bus to 
enter and circulate around the roundabout without the provision of 1-2 feet of shy distance 
between the edge of the tire and the face of curb. This can be addressed by adjusting the 
curb lines and/or increasing the ICD. 



White St from Willow Rd to U.S. 176 and NC 225 from South King St to U.S. 176 (U-5886 and U-6049) Project #: 22488.1 
August 14, 2018 Page 23 

Kittelson & Associates, Inc.  Raleigh, North Carolina 

 

 Figure 14. School Bus Movements at Roundabout 2 

▪ As shown in Figure 15, there is insufficient space for a WB-67 truck to enter and circulate the 
roundabout without encroaching upon the edge of curb, central island (beyond the truck 
apron), and the channelized islands between the roundabout and right-turn bypass lanes. 
This can be addressed by increasing the ICD to 130 feet. 

 

 Figure 15. WB-67 Movements at Roundabout 2 

We recommend increasing the inscribed circle diameter to 130 feet to accommodate WB-67 truck 

movements. 

We recommend providing 1-2 feet of shy distance between the face of curb and edge of tire for all design 

vehicle movements. 

N 

N 
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Splitter Island Design 

The splitter islands on the north, south, and east legs of the roundabout are all shorter than the 50 feet 

minimum recommended by NCHRP Report 672. Additionally, all of the splitter islands should be at least 

six feet wide to provide a suitable refuge for pedestrians—the splitter islands on the north and south legs 

of the roundabout are too narrow to meet this requirement. Finally, the splitter island noses should be 

designed according to NCHRP Report 672, Exhibit 6-13. 

We recommend increasing the splitter island lengths to a minimum of 50 feet on all legs. 

We recommend providing a 6-foot minimum splitter island width for pedestrian refuges on all legs. 

We recommend modifying the splitter island noses to conform with standard AASHTO island design 

guidelines and NCHRP Report 672, Exhibit 6-13. 

Sidewalk and Crosswalk Design 

Per NCHRP Report 672, a 5-foot landscaped buffer or equivalent treatment between the sidewalk and 

the roadway is preferred wherever possible, with a 2-foot buffer being the minimum width. 

We recommend providing a 5-foot buffer between the sidewalk and roadway where possible, with a 2-

foot minimum buffer. 

Bicycle Design 

The Hendersonville Bicycle Plan recommends adding bicycle lanes to Kanuga Road and White Street, 

although these are not identified as priority projects (Reference 5). If bicycle lanes are provided on the 

approach roadways, NCHRP Report 672 recommends terminating the bike lanes at least 100 feet 

upstream of the yield line. It may also be desirable to provide a shared-use path system in the vicinity of 

the roundabout to allow cyclists to travel with pedestrians outside the circulatory roadway. 

We recommend providing shared-use paths and ramps at roundabout if space permits. If bicycle lanes 

will be included in the design, then we recommend terminating them at least 100 feet from the 

roundabout. 

Preliminary Sight Distance Checks 

The shaded areas in Figure 16 display the areas that should be kept free of high-growth landscaping (i.e. 

landscaping should be adequately maintained), structures, signage, and other sight distance 

obstructions. NCHRP Report 672 recommends limiting sight distance in other areas (using high-growth 

landscaping, berms, etc.) to focus approaching drivers’ attention on critical areas such as conflicting 

movements. Note that traversable paved areas, including the truck apron and narrow channelizing 

islands, are all assumed to be free of sight distance obstructions and are not included in the sight 

triangles. 
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Figure 16. Roundabout 2 Sight Triangles 

We recommend keeping the sight triangles free of high-growth landscaping, structures, signage, and 

other obstructions, as well as strategically using high-growth landscaping outside the sight triangles to 

focus driver attention on critical areas. 

Vertical Design 

The grades entering and exiting the roundabout are all approximately three percent or less, which is 

within the range recommended by NCHRP Report 672. A profile for the circulatory roadway should be 

included with the design. 

No changes are recommended, but we recommend providing a profile for the circulatory roadway. 

Recommended Design Changes 

▪ Remove the right-turn bypass lanes from the design. 

▪ Provide an inscribed circle diameter of 130 feet to accommodate design vehicle (WB-67 and 
school bus) movements. 
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▪ Increase the circulatory roadway width to be at least as wide as the westbound White Street 
entry width (16 feet). 

▪ Provide sufficient deflection on the southbound and westbound approaches to limit fastest 
path speeds to a maximum of 25 mph. 

▪ Provide 1-2 feet of shy distance between the face of curb and edge of tire for design vehicle 
movements. 

▪ Lengthen the splitter islands to a minimum of 50 feet, preferably 100 feet. 

▪ Provide a pedestrian refuge with of at least six feet within the splitter islands at all crosswalk 
locations (20 to 30 feet upstream of the yield line on all approaches). 

▪ Modify the splitter island noses to comply with NCHRP Report 672, Exhibit 6-13. 

▪ Provide a 2-foot minimum landscaped buffer (5-foot preferred) between the sidewalk and 
roadway on all approaches. 

▪ Provide ramps and paths for bicyclists along the exterior of the roundabout if space permits. 
If bicycle lanes are provided on the approach roadways, they should be terminated at least 
100 feet in advance of the roundabout. 

▪ Keep sight triangles free of high-growth landscaping, structures, signage, and other 
obstructions, and use high-growth landscaping and earthwork outside the sight triangles to 
focus driver attention on critical areas. 

▪ Provide a profile for the roundabout circulatory roadway. 

ROUNDABOUT 3: WILLOW ROAD / HEBRON ROAD 

The Willow Road / Hebron Road intersection is currently all-way stop controlled and is proposed to be 

replaced by a mini-roundabout, as shown in Figure 17. Hebron Road will be realigned to the east of the 

intersection to form an extension of White Street. 
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Figure 17. Roundabout 3 Overview 

Operational Analysis 

Table 8 displays traffic operations at the roundabout, including the LOS, control delay, v/c, and 95th-

percentile queue length for each lane group. As shown, the mini-roundabout is expected to operate at 

LOS A during the 2040 AM and PM peak hours. 

Table 8. Roundabout 3 Traffic Operations 

Roundabout Movement 

2040 AM Peak Hour 2040 PM Peak Hour 

Delay 
(s) 

LOS v/c 
Q95  
(ft) 

Delay 
(s) 

LOS v/c 
Q95  
(ft) 

Willow Road / 
Hebron Road 

Eastbound 6.1 A 0.25 25 7.2 A 0.22 25 

Westbound 6.9 A 0.34 50 8.0 A 0.46 75 

Northbound 9.5 A 0.50 75 5.8 A 0.25 25 

Southbound 5.2 A 0.16 25 9.0 A 0.36 50 

Average 6.9 A N/A N/A 7.5 A N/A N/A 

 

Note that the HCM 6th Edition roundabout capacity models were principally calibrated from single- and 

multilane roundabouts but not mini-roundabouts. Mini-roundabouts may have lower capacities than the 
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HCM 6th Edition models due to slower speeds and tighter geometry at the roundabout. Consequently, 

the results shown in Table 8 may underpredict delays and v/c’s—however, due to the low volumes at the 

roundabout, we anticipate no capacity-related issues. 

No changes are recommended. 

Roundabout Sizing and Placement 

The ICD of the roundabout is 55 feet, which is on the small end of the ranges suggested by NCHRP Report 

672. The roundabout may not be able to accommodate buses without traversing the central island—this 

is discussed in more detail in the Design Vehicle Checks section. The ICD should be increased to 

approximately 80 feet before buses can circulate within the entirety of the circulatory roadway. 

Additionally, a small ICD may not provide enough deflection to properly control speeds through the 

roundabout—this is discussed later in the Fastest Path Checks section. 

We recommend increasing the inscribed circle diameter to within the ranges included in NCHRP Report 

672, Exhibit 6-9 based on the intended design vehicle, if space allows. 

Fastest Path Checks 

NCHRP Report 672 recommends a maximum fastest path speed of 20 mph at mini-roundabouts. Table 9 

displays the fastest path speeds at the roundabout. The fastest path radii are rounded to the nearest five 

feet, and cells highlighted in yellow show speeds exceeding the recommended maximum. As shown, the 

entry speed on eastbound Hebron Road is 21 mph, which is greater than the 20 mph maximum speed 

recommended by NCHRP Report 672. This can be addressed by increasing the roundabout ICD, which 

will deflect vehicle movements into and out of the roundabout. 
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Table 9. Roundabout 3 Fastest Paths 

Approach Path Radius Speed 
Recommended 

Maximum Speed 

Northbound 
Willow Road 

R1 45 15 20 

R2 35 13 20 

R3 70 16 20 

R4 20 10 20 

R5 50 16 20 

Southbound 
Willow Road 

R1 100 20 20 

R2 30 12 20 

R3 60 16 20 

R4 20 10 20 

R5 70 18 20 

Eastbound 
Hebron Road 

R1 110 21 20 

R2 65 16 20 

R3 90 18 20 

R4 20 10 20 

R5 20 11 20 

Westbound 
Hebron Road 

R1 85 19 20 

R2 40 13 20 

R3 90 18 20 

R4 20 10 20 

R5 30 13 20 

 

We recommend increasing the inscribed circle diameter to increase vehicle deflection and decrease 

fastest path speeds. 

Design Vehicle Checks 

Per discussions with NCDOT, we assumed a school bus for the design vehicle at the intersection. As shown 

in Figure 18, the roundabout is too small to accommodate school bus movements within the circulatory 

roadway—this would require increasing the ICD to 80 feet, which would likely impact the corner parcels. 

An alternative would be to keep the central island flush with the circulatory roadway, which would allow 

buses to make left turns directly over the central island using a similar turning path as what is done within 

the existing stop-controlled intersection. However, keeping the central island low or flush with the 

circulatory roadway could lead to increased vehicle speeds within the roundabout and should be weighed 

cautiously against other project tradeoffs and constraints. 
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Figure 18. Example Design Vehicle Check at Roundabout 3 

We recommend increasing the inscribed circle diameter to 80 feet to accommodate school bus 

movements within the circulatory roadway. If right-of-way limitations prohibit an 80-foot ICD, then we 

recommend using a flush central island to allow buses to make left turns directly over the central island 

while maintaining rider comfort. 

Splitter Island Design 

Per NCHRP Report 672, splitter islands, even if fully-traversable, should be provided at mini-roundabouts 

to help deflect vehicle movements and reinforce circulation in the correct direction. No splitter islands 

are provided on the north and south legs of the roundabout, and the splitter islands on the east and west 

legs are both shorter than the 50 feet minimum recommended by NCHRP Report 672. Additionally, all of 

the splitter islands should be at least 6 feet wide to provide a suitable refuge for pedestrians.  Finally, the 

splitter island noses should be designed according to NCHRP Report 672, Exhibit 6-13. 

We recommend increasing the splitter island lengths to a minimum of 50 feet on all legs. 

We recommend providing a 6-foot minimum splitter island width for pedestrian refuges on all legs. 

We recommend modifying the splitter island noses to conform with standard AASHTO island design 

guidelines and NCHRP Report 672, Exhibit 6-13. 

N 
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Sidewalk and Crosswalk Design 

Per NCHRP Report 672, a 5-foot landscaped buffer or equivalent treatment between the sidewalk and 

the roadway is preferred wherever possible, with a 2-foot buffer being the minimum width. 

We recommend providing a 5-foot buffer between the sidewalk and roadway where possible, with a 2-

foot minimum buffer. 

Bicycle Design 

At mini-roundabouts, speeds are generally slow enough for all cyclists to circulate the roundabout with 

automobiles. The Hendersonville Bicycle Plan recommends adding bicycle lanes to Willow Road, although 

this is not a priority project (Reference 5). If bicycle lanes are provided on the approach roadways, NCHRP 

Report 672 recommends terminating the bike lanes at least 100 feet upstream of the yield line.  

Preliminary Sight Distance Checks 

The shaded areas in Figure 19 display the areas that should be kept free of high-growth landscaping (i.e. 

landscaping should be adequately maintained), structures, signage, and other sight distance 

obstructions. NCHRP Report 672 recommends limiting sight distance in other areas (using high-growth 

landscaping, berms, etc.) to focus approaching drivers’ attention on critical areas such as conflicting 

movements. Note that traversable paved areas, including the central island and splitter islands, are all 

assumed to be free of sight distance obstructions and are not included in the sight triangles. 
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Figure 19. Roundabout 3 Sight Triangles 

We recommend keeping the sight triangles free of high-growth landscaping, structures, signage, and 

other obstructions, as well as strategically using high-growth landscaping outside the sight triangles to 

focus driver attention on critical areas. 

Vertical Design 

Figure 20 displays the profile of Hebron Road / White Street through Roundabouts 2 (right-side) and 3 

(left-side). As shown on the profiles, the grade of eastbound Hebron Road approaching Roundabout 3 is 

-5.9 percent, which is steeper than recommended in NCHRP Report 672 and may lead to higher entry 

speeds.  

Alternatively, as shown in Figure 21, the grade on southbound Willow Road approaching Roundabout 3 

is +6.7 percent, which may lead to slower-than-desired speeds on the southbound entry, as well as a 

greater speed differential between southbound circulating vehicles and eastbound entering vehicles. 

Additionally, these variations in grades around the roundabout could lead to driver discomfort and 

potentially rollover issues with large vehicles (with the design vehicle being a school bus). These issues 

can be avoided by softening the approach roadway grades to three percent or less.  

Additionally, NCHRP Report 672 recommends providing a profile for the circulatory roadway. 
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Figure 20. Hebron Road / White Street Profile 

  

Willow Road / Hebron Road 
Mini-Roundabout 

Kanuga Road / White Street 
Roundabout 

5.9% Grade 

Eastbound Hebron Road / White Street 
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Figure 21. Willow Road Profile at Roundabout 3 

We recommend modifying the eastbound and southbound approach grades to be a maximum of three 

percent within a 50-foot radius of the roundabout circulatory roadway. 

We recommend providing a profile for the circulatory roadway. 

Recommended Design Changes 

▪ Enlarge the inscribed circle diameter to 80 feet to accommodate design vehicle (school bus) 
turning movements within the circulatory roadway. Alternatively, utilize a fully-traversable 
but domed and visible central island. 

▪ Provide sufficient deflection on the eastbound approach to limit fastest path speeds to a 
maximum of 20 mph. 

▪ Provide fully-traversable splitter islands (50-foot minimum length) on all approaches. 

▪ Modify the splitter island noses to comply with NCHRP Report 672, Exhibit 6-13. 

▪ Provide a 2-foot minimum landscaped buffer (5-foot preferred) between the sidewalk and 
roadway on all approaches. 

▪ If bicycle lanes are provided on the approach roadways, they should be terminated at least 
100 feet in advance of the roundabout. 

▪ Keep sight triangles free of high-growth landscaping, structures, signage, and other 
obstructions, and use high-growth landscaping and earthwork outside the sight triangles to 
focus driver attention on critical areas. 

6.7% Grade 

Southbound Willow Road 
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▪ Modify the eastbound and southbound approach grades to be a maximum of three percent 
within a 50-foot radius of the roundabout circulatory roadway. 

▪ Provide a profile for the roundabout circulatory roadway. 

NEXT STEPS 

As the design moves forward, we recommend the design team provide the signing and pavement marking 

plan, central island profiles, landscaping plan, and illumination plan for review, as well as any major 

updates to the horizontal and vertical design plans. 
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HCS7 Roundabouts Report

General Information Site Information

Analyst Gedaliah Dreyfuss Intersection S Church St, S Main St, Fresh Market Driveway

Agency or Co. Kittelson and Associates E/W Street Name S Main St, Fresh Market Driveway 

Date Performed 8/3/2018 N/S Street Name S Church St

Analysis Year 2040 Analysis Time Period (hrs) 0.25

Time Analyzed AM PH Peak Hour Factor 0.90

Project Description Rdbt 2040 AM Build Analysis Jurisdiction Henderson County

Volume Adjustments and Site Characteristics

Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 1 0 0 0 1 0 0 1 0 0 0 0 2 0

Lane Assignment T LT L LT TR

Volume (V), veh/h 0 4 4 0 36 4 0 6 1095 0 4 903 35

Percent Heavy Vehicles, % 3 3 3 3 3 3 3 3 3 3 3 3 3

Flow Rate (vPCE), pc/h 0 5 5 0 41 5 0 7 1253 0 5 1033 40

Right-Turn Bypass Yielding None Non-Yielding None

Conflicting Lanes 1 1 1 1

Pedestrians Crossing, p/h 0 0 0 0

Critical and Follow-Up Headway Adjustment

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.3276 4.3276 4.9763 4.9763 4.5436 4.5436

Follow-Up Headway (s) 2.5352 2.5352 2.6087 2.6087 2.5352 2.5352

Flow Computations, Capacity and v/c Ratios

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 5 5 46 7 1253 507 571

Entry Volume veh/h 5 5 45 7 1217 492 555

Circulating Flow (vc), pc/h 1079 7 10 53

Exiting Flow (vex), pc/h 10 52 0 1074

Capacity (cpce), pc/h 568 570 1370 1366 1353 1353

Capacity (c), veh/h 551 553 1330 1326 1314 1314

v/c Ratio (x) 0.01 0.01 0.03 0.01 0.37 0.42

Delay and Level of Service

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 6.6 6.6 3.0 2.8 -1.0 6.2 6.8

Lane LOS A A A A A A A

95% Queue, veh 0.0 0.0 0.1 0.0 1.8 2.1

Approach Delay, s/veh 6.6 3.0 0.0 6.6

Approach LOS A A A A

Intersection Delay, s/veh | LOS 3.0 A
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HCS7 Roundabouts Report

General Information Site Information

Analyst Gedaliah Dreyfuss Intersection S Church St, S Main St, Fresh Market Driveway

Agency or Co. Kittelson and Associates E/W Street Name S Main St, Fresh Market Driveway 

Date Performed 8/3/2018 N/S Street Name S Church St

Analysis Year 2040 Analysis Time Period (hrs) 0.25

Time Analyzed PM PH Peak Hour Factor 0.90

Project Description Rdbt 2040 PM Build Analysis Jurisdiction Henderson County

Volume Adjustments and Site Characteristics

Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 1 0 0 0 1 0 0 1 0 0 0 0 2 0

Lane Assignment T LT L LT TR

Volume (V), veh/h 0 4 7 0 61 10 0 10 935 0 4 1050 111

Percent Heavy Vehicles, % 3 3 3 3 3 3 3 3 3 3 3 3 3

Flow Rate (vPCE), pc/h 0 5 8 0 70 11 0 11 1070 0 5 1202 127

Right-Turn Bypass Yielding None Non-Yielding None

Conflicting Lanes 1 1 1 1

Pedestrians Crossing, p/h 0 0 0 0

Critical and Follow-Up Headway Adjustment

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.3276 4.3276 4.9763 4.9763 4.5436 4.5436

Follow-Up Headway (s) 2.5352 2.5352 2.6087 2.6087 2.5352 2.5352

Flow Computations, Capacity and v/c Ratios

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 5 8 81 11 1070 627 707

Entry Volume veh/h 5 8 79 11 1039 609 686

Circulating Flow (vc), pc/h 1277 11 10 92

Exiting Flow (vex), pc/h 10 149 0 1272

Capacity (cpce), pc/h 480 482 1365 1366 1306 1306

Capacity (c), veh/h 466 468 1325 1326 1268 1268

v/c Ratio (x) 0.01 0.02 0.06 0.01 0.48 0.54

Delay and Level of Service

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 7.9 7.9 3.2 2.8 -1.0 7.8 8.8

Lane LOS A A A A A A A

95% Queue, veh 0.0 0.1 0.2 0.0 2.7 3.4

Approach Delay, s/veh 7.9 3.2 0.0 8.4

Approach LOS A A A A

Intersection Delay, s/veh | LOS 4.6 A
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HCS7 Roundabouts Report

General Information Site Information

Analyst Gedaliah Dreyfuss Intersection S Church St, S Main St, Fresh Market Driveway

Agency or Co. Kittelson and Associates E/W Street Name S Main St, Fresh Market Driveway 

Date Performed 8/3/2018 N/S Street Name S Church St

Analysis Year 2040 Analysis Time Period (hrs) 0.25

Time Analyzed AM PH - Single Lane Peak Hour Factor 0.90

Project Description Rdbt 2040 AM Build Analysis Jurisdiction Henderson County

Volume Adjustments and Site Characteristics

Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0

Lane Assignment TR LT LR LTR

Volume (V), veh/h 0 4 4 0 36 4 0 6 1095 0 4 903 35

Percent Heavy Vehicles, % 3 3 3 3 3 3 3 3 3 3 3 3 3

Flow Rate (vPCE), pc/h 0 5 5 0 41 5 0 7 1253 0 5 1033 40

Right-Turn Bypass None None None None

Conflicting Lanes 1 1 1 1

Pedestrians Crossing, p/h 0 0 0 0

Critical and Follow-Up Headway Adjustment

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.9763 4.9763 4.9763 4.9763

Follow-Up Headway (s) 2.6087 2.6087 2.6087 2.6087

Flow Computations, Capacity and v/c Ratios

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 10 46 1260 1078

Entry Volume veh/h 10 45 1223 1047

Circulating Flow (vc), pc/h 1079 7 10 53

Exiting Flow (vex), pc/h 1263 52 0 1079

Capacity (cpce), pc/h 459 1370 1366 1307

Capacity (c), veh/h 446 1330 1326 1269

v/c Ratio (x) 0.02 0.03 0.92 0.82

Delay and Level of Service

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 8.4 3.0 27.7 18.6

Lane LOS A A D C

95% Queue, veh 0.1 0.1 15.9 10.3

Approach Delay, s/veh 8.4 3.0 27.7 18.6

Approach LOS A A D C

Intersection Delay, s/veh | LOS 23.0 C
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HCS7 Roundabouts Report

General Information Site Information

Analyst Gedaliah Dreyfuss Intersection S Church St, S Main St, Fresh Market Driveway

Agency or Co. Kittelson and Associates E/W Street Name S Main St, Fresh Market Driveway 

Date Performed 8/3/2018 N/S Street Name S Church St

Analysis Year 2040 Analysis Time Period (hrs) 0.25

Time Analyzed PM PH - Single Lane Peak Hour Factor 0.90

Project Description Rdbt 2040 PM Build Analysis Jurisdiction Henderson County

Volume Adjustments and Site Characteristics

Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0

Lane Assignment TR LT LR LTR

Volume (V), veh/h 0 4 7 0 61 10 0 10 935 0 4 1050 111

Percent Heavy Vehicles, % 3 3 3 3 3 3 3 3 3 3 3 3 3

Flow Rate (vPCE), pc/h 0 5 8 0 70 11 0 11 1070 0 5 1202 127

Right-Turn Bypass None None None None

Conflicting Lanes 1 1 1 1

Pedestrians Crossing, p/h 0 0 0 0

Critical and Follow-Up Headway Adjustment

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.9763 4.9763 4.9763 4.9763

Follow-Up Headway (s) 2.6087 2.6087 2.6087 2.6087

Flow Computations, Capacity and v/c Ratios

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 13 81 1081 1334

Entry Volume veh/h 13 79 1050 1295

Circulating Flow (vc), pc/h 1277 11 10 92

Exiting Flow (vex), pc/h 1080 149 0 1280

Capacity (cpce), pc/h 375 1365 1366 1256

Capacity (c), veh/h 364 1325 1326 1220

v/c Ratio (x) 0.03 0.06 0.79 1.06

Delay and Level of Service

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 10.4 3.2 16.0 61.9

Lane LOS B A C F

95% Queue, veh 0.1 0.2 9.0 27.2

Approach Delay, s/veh 10.4 3.2 16.0 61.9

Approach LOS B A C F

Intersection Delay, s/veh | LOS 40.0 E
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HCS7 Roundabouts Report

General Information Site Information

Analyst Gedaliah Dreyfuss Intersection S Church St, S Main St, Fresh Market Driveway

Agency or Co. Kittelson and Associates E/W Street Name S Main St, Fresh Market Driveway 

Date Performed 8/3/2018 N/S Street Name S Church St

Analysis Year 2017 Analysis Time Period (hrs) 0.25

Time Analyzed AM PH - Single Lane Peak Hour Factor 0.90

Project Description Rdbt 2017 AM Build Analysis Jurisdiction Henderson County

Volume Adjustments and Site Characteristics

Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0

Lane Assignment TR LT LR LTR

Volume (V), veh/h 0 4 4 0 31 4 0 4 899 0 4 729 30

Percent Heavy Vehicles, % 3 3 3 3 3 3 3 3 3 3 3 3 3

Flow Rate (vPCE), pc/h 0 5 5 0 35 5 0 5 1029 0 5 834 34

Right-Turn Bypass None None None None

Conflicting Lanes 1 1 1 1

Pedestrians Crossing, p/h 0 0 0 0

Critical and Follow-Up Headway Adjustment

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.9763 4.9763 4.9763 4.9763

Follow-Up Headway (s) 2.6087 2.6087 2.6087 2.6087

Flow Computations, Capacity and v/c Ratios

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 10 40 1034 873

Entry Volume veh/h 10 39 1004 848

Circulating Flow (vc), pc/h 874 5 10 45

Exiting Flow (vex), pc/h 1039 44 0 874

Capacity (cpce), pc/h 566 1373 1366 1318

Capacity (c), veh/h 549 1333 1326 1280

v/c Ratio (x) 0.02 0.03 0.76 0.66

Delay and Level of Service

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 6.8 2.9 14.4 11.5

Lane LOS A A B B

95% Queue, veh 0.1 0.1 7.8 5.4

Approach Delay, s/veh 6.8 2.9 14.4 11.5

Approach LOS A A B B

Intersection Delay, s/veh | LOS 12.8 B
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HCS7 Roundabouts Report

General Information Site Information

Analyst Gedaliah Dreyfuss Intersection S Church St, S Main St, Fresh Market Driveway

Agency or Co. Kittelson and Associates E/W Street Name S Main St, Fresh Market Driveway 

Date Performed 8/3/2018 N/S Street Name S Church St

Analysis Year 2017 Analysis Time Period (hrs) 0.25

Time Analyzed PM PH - Single Lane Peak Hour Factor 0.90

Project Description Rdbt 2017 PM Build Analysis Jurisdiction Henderson County

Volume Adjustments and Site Characteristics

Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0

Lane Assignment TR LT LR LTR

Volume (V), veh/h 0 4 6 0 52 4 0 4 762 0 4 830 90

Percent Heavy Vehicles, % 3 3 3 3 3 3 3 3 3 3 3 3 3

Flow Rate (vPCE), pc/h 0 5 7 0 60 5 0 5 872 0 5 950 103

Right-Turn Bypass None None None None

Conflicting Lanes 1 1 1 1

Pedestrians Crossing, p/h 0 0 0 0

Critical and Follow-Up Headway Adjustment

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.9763 4.9763 4.9763 4.9763

Follow-Up Headway (s) 2.6087 2.6087 2.6087 2.6087

Flow Computations, Capacity and v/c Ratios

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 12 65 877 1058

Entry Volume veh/h 12 63 851 1027

Circulating Flow (vc), pc/h 1015 5 10 70

Exiting Flow (vex), pc/h 882 113 0 1017

Capacity (cpce), pc/h 490 1373 1366 1285

Capacity (c), veh/h 476 1333 1326 1247

v/c Ratio (x) 0.02 0.05 0.64 0.82

Delay and Level of Service

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 7.9 3.1 10.7 18.7

Lane LOS A A B C

95% Queue, veh 0.1 0.1 5.0 10.2

Approach Delay, s/veh 7.9 3.1 10.7 18.7

Approach LOS A A B C

Intersection Delay, s/veh | LOS 14.6 B
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HCM Unsignalized Intersection Capacity Analysis
1: Fresh Market Driveway/South Main St  & South Church St 08/03/2018

U-5886_U-6049  08/02/2018 Alt1_2040AM Synchro 9 Report
GXD Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 0 0 4 36 4 0 0 0 0 0 903 35
Future Volume (Veh/h) 0 0 4 36 4 0 0 0 0 0 903 35
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Hourly flow rate (vph) 0 0 4 40 4 0 0 0 0 0 1003 39
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1005 1003 502 506 1042 0 1042 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1005 1003 502 506 1042 0 1042 0
tC, single (s) 7.6 6.6 7.0 7.6 6.6 7.0 4.2 4.2
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 99 91 98 100 100 100
cM capacity (veh/h) 192 239 512 444 227 1081 657 1614

Direction, Lane # EB 1 WB 1 SB 1 SB 2 SB 3
Volume Total 4 44 502 502 39
Volume Left 0 40 0 0 0
Volume Right 4 0 0 0 39
cSH 512 408 1700 1700 1700
Volume to Capacity 0.01 0.11 0.29 0.29 0.02
Queue Length 95th (ft) 1 9 0 0 0
Control Delay (s) 12.1 14.9 0.0 0.0 0.0
Lane LOS B B
Approach Delay (s) 12.1 14.9 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.6
Intersection Capacity Utilization 41.6% ICU Level of Service A
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis
1: Fresh Market Driveway/South Main St  & South Church St 08/03/2018

U-5886_U-6049  08/02/2018 Alt1_2040PM Synchro 9 Report
GXD Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 0 0 7 61 10 0 0 0 0 0 1050 111
Future Volume (Veh/h) 0 0 7 61 10 0 0 0 0 0 1050 111
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Hourly flow rate (vph) 0 0 8 68 11 0 0 0 0 0 1167 123
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1172 1167 584 592 1290 0 1290 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1172 1167 584 592 1290 0 1290 0
tC, single (s) 7.6 6.6 7.0 7.6 6.6 7.0 4.2 4.2
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 98 82 93 100 100 100
cM capacity (veh/h) 139 191 453 381 161 1081 528 1614

Direction, Lane # EB 1 WB 1 SB 1 SB 2 SB 3
Volume Total 8 79 584 584 123
Volume Left 0 68 0 0 0
Volume Right 8 0 0 0 123
cSH 453 320 1700 1700 1700
Volume to Capacity 0.02 0.25 0.34 0.34 0.07
Queue Length 95th (ft) 1 24 0 0 0
Control Delay (s) 13.1 19.9 0.0 0.0 0.0
Lane LOS B C
Approach Delay (s) 13.1 19.9 0.0
Approach LOS B C

Intersection Summary
Average Delay 1.2
Intersection Capacity Utilization 46.3% ICU Level of Service A
Analysis Period (min) 15



HCS7 Roundabouts Report

General Information Site Information

Analyst Gedaliah Dreyfuss Intersection SR 1127 (Kanuga Rd) and SR 1170 (White St)

Agency or Co. Kittelson and Associates E/W Street Name SR 1170 (White St)

Date Performed 8/2/2018 N/S Street Name SR 1127 (Kanuga Rd)

Analysis Year 2040 Analysis Time Period (hrs) 0.25

Time Analyzed AM PH Peak Hour Factor 0.90

Project Description Rdbt 2040 Build AM analysis Jurisdiction Henderson County

Volume Adjustments and Site Characteristics

Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0

Lane Assignment LTR LTR LTR LTR

Volume (V), veh/h 0 191 124 166 0 96 64 123 0 158 312 178 0 129 178 104

Percent Heavy Vehicles, % 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Flow Rate (vPCE), pc/h 0 219 142 190 0 110 73 141 0 181 357 204 0 148 204 119

Right-Turn Bypass Yielding Yielding Yielding Yielding

Conflicting Lanes 1 1 1 1

Pedestrians Crossing, p/h 0 0 0 0

Critical and Follow-Up Headway Adjustment

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.9763 4.9763 4.9763 4.9763 4.9763 4.9763 4.9763 4.9763

Follow-Up Headway (s) 2.6087 2.6087 2.6087 2.6087 2.6087 2.6087 2.6087 2.6087

Flow Computations, Capacity and v/c Ratios

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 361 190 183 141 538 204 352 119

Entry Volume veh/h 350 184 178 137 522 198 342 116

Circulating Flow (vc), pc/h 462 757 509 364

Exiting Flow (vex), pc/h 290 254 576 314

Capacity (cpce), pc/h 861 1002 638 767 821 1027 952 1065

Capacity (c), veh/h 836 973 619 745 797 997 924 1034

v/c Ratio (x) 0.42 0.19 0.29 0.18 0.66 0.20 0.37 0.11

Delay and Level of Service

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 9.5 5.5 9.6 6.8 15.9 5.5 8.0 4.5

Lane LOS A A A A C A A A

95% Queue, veh 2.1 0.7 1.2 0.7 5.0 0.7 1.7 0.4

Approach Delay, s/veh 8.1 8.4 13.1 7.1

Approach LOS A A B A

Intersection Delay, s/veh | LOS 9.7 A
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HCS7 Roundabouts Report

General Information Site Information

Analyst Gedaliah Dreyfuss Intersection SR 1127 (Kanuga Rd) and SR 1170 (White St)

Agency or Co. Kittelson and Associates E/W Street Name SR 1170 (White St)

Date Performed 8/2/2018 N/S Street Name SR 1127 (Kanuga Rd)

Analysis Year 2040 Analysis Time Period (hrs) 0.25

Time Analyzed PM PH Peak Hour Factor 0.90

Project Description Rdbt 2040 Build PM analysis Jurisdiction Henderson County

Volume Adjustments and Site Characteristics

Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0

Lane Assignment LTR LTR LTR LTR

Volume (V), veh/h 0 104 64 158 0 178 124 129 0 166 178 96 0 123 312 191

Percent Heavy Vehicles, % 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Flow Rate (vPCE), pc/h 0 119 73 181 0 204 142 148 0 190 204 110 0 141 357 219

Right-Turn Bypass Yielding Yielding Yielding Yielding

Conflicting Lanes 1 1 1 1

Pedestrians Crossing, p/h 0 0 0 0

Critical and Follow-Up Headway Adjustment

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.9763 4.9763 4.9763 4.9763 4.9763 4.9763 4.9763 4.9763

Follow-Up Headway (s) 2.6087 2.6087 2.6087 2.6087 2.6087 2.6087 2.6087 2.6087

Flow Computations, Capacity and v/c Ratios

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 192 181 346 148 394 110 498 219

Entry Volume veh/h 186 176 336 144 383 107 483 213

Circulating Flow (vc), pc/h 702 513 333 536

Exiting Flow (vex), pc/h 214 332 323 561

Capacity (cpce), pc/h 674 779 818 993 983 1109 799 984

Capacity (c), veh/h 655 756 794 964 954 1077 776 955

v/c Ratio (x) 0.28 0.23 0.42 0.15 0.40 0.10 0.62 0.22

Delay and Level of Service

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 9.1 7.4 9.9 5.1 8.3 4.2 15.1 6.0

Lane LOS A A A A A A C A

95% Queue, veh 1.2 0.9 2.1 0.5 2.0 0.3 4.4 0.9

Approach Delay, s/veh 8.3 8.5 7.4 12.3

Approach LOS A A A B

Intersection Delay, s/veh | LOS 9.5 A

Copyright © 2018 University of Florida. All Rights Reserved. HCS7™ Roundabouts Version 7.4 Generated: 8/14/2018 8:51:36 AM

KanugaWhite 2040 PM_gxd_4bypass_gxd.xro



HCS7 Roundabouts Report

General Information Site Information

Analyst Gedaliah Dreyfuss Intersection SR 1127 (Kanuga Rd) and SR 1170 (White St)

Agency or Co. Kittelson and Associates E/W Street Name SR 1170 (White St)

Date Performed 8/1/2018 N/S Street Name SR 1127 (Kanuga Rd)

Analysis Year 2040 Analysis Time Period (hrs) 0.25

Time Analyzed AM PH - single lane Peak Hour Factor 0.90

Project Description Rdbt 2040 Build AM analysis Jurisdiction Henderson County

Volume Adjustments and Site Characteristics

Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0

Lane Assignment LTR LTR LTR LTR

Volume (V), veh/h 0 191 124 166 0 96 64 123 0 158 312 178 0 129 178 104

Percent Heavy Vehicles, % 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Flow Rate (vPCE), pc/h 0 219 142 190 0 110 73 141 0 181 357 204 0 148 204 119

Right-Turn Bypass None None None None

Conflicting Lanes 1 1 1 1

Pedestrians Crossing, p/h 0 0 0 0

Critical and Follow-Up Headway Adjustment

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.9763 4.9763 4.9763 4.9763

Follow-Up Headway (s) 2.6087 2.6087 2.6087 2.6087

Flow Computations, Capacity and v/c Ratios

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 551 324 742 471

Entry Volume veh/h 535 315 720 457

Circulating Flow (vc), pc/h 462 757 509 364

Exiting Flow (vex), pc/h 494 373 717 504

Capacity (cpce), pc/h 861 638 821 952

Capacity (c), veh/h 836 619 797 924

v/c Ratio (x) 0.64 0.51 0.90 0.49

Delay and Level of Service

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 14.8 14.2 35.4 10.1

Lane LOS B B E B

95% Queue, veh 4.7 2.9 12.3 2.8

Approach Delay, s/veh 14.8 14.2 35.4 10.1

Approach LOS B B E B

Intersection Delay, s/veh | LOS 21.0 C
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HCS7 Roundabouts Report

General Information Site Information

Analyst Gedaliah Dreyfuss Intersection SR 1127 (Kanuga Rd) and SR 1170 (White St)

Agency or Co. Kittelson and Associates E/W Street Name SR 1170 (White St)

Date Performed 8/1/2018 N/S Street Name SR 1127 (Kanuga Rd)

Analysis Year 2040 Analysis Time Period (hrs) 0.25

Time Analyzed PM PH - single lane Peak Hour Factor 0.90

Project Description Rdbt 2040 Build PM analysis Jurisdiction Henderson County

Volume Adjustments and Site Characteristics

Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0

Lane Assignment LTR LTR LTR LTR

Volume (V), veh/h 0 104 64 158 0 178 124 129 0 166 178 96 0 123 312 191

Percent Heavy Vehicles, % 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Flow Rate (vPCE), pc/h 0 119 73 181 0 204 142 148 0 190 204 110 0 141 357 219

Right-Turn Bypass None None None None

Conflicting Lanes 1 1 1 1

Pedestrians Crossing, p/h 0 0 0 0

Critical and Follow-Up Headway Adjustment

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.9763 4.9763 4.9763 4.9763

Follow-Up Headway (s) 2.6087 2.6087 2.6087 2.6087

Flow Computations, Capacity and v/c Ratios

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 373 494 504 717

Entry Volume veh/h 362 480 489 696

Circulating Flow (vc), pc/h 702 513 333 536

Exiting Flow (vex), pc/h 324 551 471 742

Capacity (cpce), pc/h 674 818 983 799

Capacity (c), veh/h 655 794 954 776

v/c Ratio (x) 0.55 0.60 0.51 0.90

Delay and Level of Service

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 14.9 14.2 10.2 35.1

Lane LOS B B B E

95% Queue, veh 3.4 4.1 3.0 11.9

Approach Delay, s/veh 14.9 14.2 10.2 35.1

Approach LOS B B B E

Intersection Delay, s/veh | LOS 20.6 C
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HCS7 Roundabouts Report

General Information Site Information

Analyst Andrew Drda Intersection SR 1171 (Willow Rd) and SR 1172 (Hebron Rd)/
(White St)

Agency or Co. NCDOT E/W Street Name Hebron Rd/White St

Date Performed 7/10/2018 N/S Street Name Willow Rd

Analysis Year 2040 Analysis Time Period (hrs) 0.25

Time Analyzed AM PH Peak Hour Factor 0.90

Project Description 2040 Build AM Jurisdiction Henderson County

Volume Adjustments and Site Characteristics

Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0

Lane Assignment LTR LTR LTR LTR

Volume (V), veh/h 0 65 95 62 0 155 53 115 0 69 73 308 0 83 26 26

Percent Heavy Vehicles, % 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Flow Rate (vPCE), pc/h 0 74 109 71 0 177 61 132 0 79 84 352 0 95 30 30

Right-Turn Bypass None None None None

Conflicting Lanes 1 1 1 1

Pedestrians Crossing, p/h 0 0 0 0

Critical and Follow-Up Headway Adjustment

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.9763 4.9763 4.9763 4.9763

Follow-Up Headway (s) 2.6087 2.6087 2.6087 2.6087

Flow Computations, Capacity and v/c Ratios

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 254 370 515 155

Entry Volume veh/h 247 359 500 150

Circulating Flow (vc), pc/h 302 237 278 317

Exiting Flow (vex), pc/h 556 170 290 278

Capacity (cpce), pc/h 1014 1084 1039 999

Capacity (c), veh/h 985 1052 1009 970

v/c Ratio (x) 0.25 0.34 0.50 0.16

Delay and Level of Service

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 6.1 6.9 9.5 5.2

Lane LOS A A A A

95% Queue, veh 1.0 1.5 2.8 0.5

Approach Delay, s/veh 6.1 6.9 9.5 5.2

Approach LOS A A A A

Intersection Delay, s/veh | LOS 7.6 A
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HCS7 Roundabouts Report

General Information Site Information

Analyst Andrew Drda Intersection SR 1171 (Willow Rd) and SR 1172 (Hebron Rd)/
(White St)

Agency or Co. NCDOT E/W Street Name Hebron Rd/White St

Date Performed 7/10/2018 N/S Street Name Willow Rd

Analysis Year 2040 Analysis Time Period (hrs) 0.25

Time Analyzed PM PH Peak Hour Factor 0.90

Project Description 2040 Build PM Jurisdiction Henderson County

Volume Adjustments and Site Characteristics

Approach EB WB NB SB

Movement U L T R U L T R U L T R U L T R

Number of Lanes (N) 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0

Lane Assignment LTR LTR LTR LTR

Volume (V), veh/h 0 26 53 69 0 308 95 83 0 62 26 155 0 115 73 65

Percent Heavy Vehicles, % 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Flow Rate (vPCE), pc/h 0 30 61 79 0 352 109 95 0 71 30 177 0 132 84 74

Right-Turn Bypass None None None None

Conflicting Lanes 1 1 1 1

Pedestrians Crossing, p/h 0 0 0 0

Critical and Follow-Up Headway Adjustment

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Critical Headway (s) 4.9763 4.9763 4.9763 4.9763

Follow-Up Headway (s) 2.6087 2.6087 2.6087 2.6087

Flow Computations, Capacity and v/c Ratios

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Entry Flow (ve), pc/h 170 556 278 290

Entry Volume veh/h 165 540 270 282

Circulating Flow (vc), pc/h 568 131 223 532

Exiting Flow (vex), pc/h 370 254 155 515

Capacity (cpce), pc/h 773 1207 1099 802

Capacity (c), veh/h 751 1172 1067 779

v/c Ratio (x) 0.22 0.46 0.25 0.36

Delay and Level of Service

Approach EB WB NB SB

Lane Left Right Bypass Left Right Bypass Left Right Bypass Left Right Bypass

Lane Control Delay (d), s/veh 7.2 8.0 5.8 9.0

Lane LOS A A A A

95% Queue, veh 0.8 2.5 1.0 1.7

Approach Delay, s/veh 7.2 8.0 5.8 9.0

Approach LOS A A A A

Intersection Delay, s/veh | LOS 7.6 A
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Appendix B. Fastest Path Figures 
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V5=11 MPH
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Appendix C. Design Vehicle Turning Movement Figures 
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