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Executive Summary 

S&E Properties, LLC is proposing a residential development. The project is located 
south of the signalized intersection of Kingston Pike (US 11/US 70) at Ebenezer 
Road in Knox County, Tennessee.  The full buildout of the Ebenezer Road 
Subdivision proposes 113 single-family residential lots and a future development 
area by others.  The current plan for the Future Development Area is a proposed 
apartment complex with 278 garden style apartment units. Construction is proposed 
to take place this year and this study assumes full build out for the development will 
occur in 2027.   
 
The Ebenezer Road Subdivision has a proposed single roadway connection to 
Ebenezer Road and the proposed future development area has a separate proposed 
single roadway connection to Ebenezer Road.  A roadway connection between the 
two developments is under consideration for the purpose of emergency access.  The 
exact location will need to be coordinated between the property owners as well as 
Knox County Engineering and Public Works.    
 
In order to maintain or provide an acceptable level-of-service for each of the 
intersections studied, some recommendations are presented. 
 
Kingston Pike (SR 70) at Ebenezer Road 
After the completion of the Ebenezer Road Subdivision including the future 
development area the traffic conditions for the signalized intersection of Kingston 
Pike (US 11/US 70) at Ebenezer Road will operate at an acceptable LOS C during 
the AM peak hour and a LOS D during the PM peak hour.  

The northbound right turn lane (Ebenezer Road) will exceed the available queue 
storage length of 50 feet less than 50% of the time after the completion of the 
Ebenezer Road Subdivision and Future Development Area.   

There are several existing constraints including the location of guard rails and power 
poles and the proximity to Ten Mile Creek that would make extending the storage 
length of the right turn lane difficult to construct.   

The existing geometry of the northbound right turn lane is a 50-foot storage length 
and a 30-foot taper ending at the start of the existing commercial driveway.  In order 
to maximum storage capacity Ardurra recommends relocating the communication 
pole and widening the 80-foot length of Ebenezer Road between the stop bar and 
the commercial driveway to match the existing width of 20 feet to allow additional 
vehicle stacking.   
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Ardurra recommends that any future intersection improvements be reviewed, 
coordinated and approved by both the City of Knoxville Department of Engineering 
and Knox County Engineering and Public Works.     
 
Ebenezer Road at Future Development Area 
A southbound left turn lane is warranted at the intersection of Ebenezer Road at 
Future Development Area Roadway per the Knox County Department of 
Engineering and Public Works handbook, “Access Control and Driveway Design 
Policy.” The southbound left turn lane has a recommended minimum storage length 
of 50 feet per the AASHTO Greenbook “A Policy on Geometric Design of Highways 
and Streets.” 
 
After the completion of the full buildout of the Ebenezer Road Subdivision including 
the proposed roadway improvements the intersection of Ebenezer Road at Future 
Development Area Roadway will operate at an acceptable LOS B or better for each 
approach during both the AM and PM peak hours.     
 
Ebenezer Road at Subdivision 
Neither a southbound left turn lane nor a northbound right turn lane is warranted at 
the intersection of Ebenezer Road at Ebenezer Subdivision Roadway per the Knox 
County Department of Engineering and Public Works handbook, “Access Control 
and Driveway Design Policy.”  
 
After the completion of the full buildout of the Ebenezer Road Subdivision the 
intersection of Ebenezer Road at Subdivision Roadway will operate at an acceptable 
LOS B or better for each approach during both the AM and PM peak hours.  
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1 Introduction 

1.1 Project Description 

This report provides a summary of a transportation impact analysis that was 
performed for the Ebenezer Road Subdivision residential development. The 
Ebenezer Road Subdivision proposes 113 single-family residential lots and a future 
development area by others.  The current plan for the Future Development Area is a 
proposed apartment complex with 278 garden style apartment units.  The project is 
located south of the signalized intersection of Kingston Pike (US 11/US 70) at 
Ebenezer Road in Knox County, Tennessee.  The location of the site is shown in 
Figure 1. 
 
Construction is proposed to take place this year and this study assumes full build out 
for the subdivision and the future development area will occur in 2027.   
 
The Ebenezer Road Subdivision has a proposed single roadway connection to 
Ebenezer Road and the proposed future development area has a separate proposed 
single roadway connection to Ebenezer Road.  A roadway connection between the 
two developments is under consideration for the purpose of emergency access.  The 
exact location will need to be coordinated between the property owners as well as 
Knox County Engineering and Public Works.    
 
The proposed site layout is shown in Figure 2.       



Figure 1: Location Map
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Figure 2: Site Plan
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1.2 Study Area 

The purpose of this study is to evaluate the impacts to the traffic conditions caused 
by the proposed development.  Ebenezer Road is considered a north-south orientate 
roadway and Kingston Pike (US 11/US 70) is considered an east-west oriented 
roadway.  The existing intersections and existing traffic control are summarized in 
Table 1.2-1 Study Area.  
 

Table 1.2-1 
Ebenezer Road Subdivision 

Study Area 
 

Intersection       Existing Traffic Control 
      
Kingston Pike (US 11/US 70) at Ebenezer Road    Signalized 
 
 

1.3 Existing Site Conditions 

Roadway geometry and posted speed limits were obtained by field observations.  
The Knoxville-Knox County Planning “2018 Major Road Plan” was used to 
determine road classification.  This information is summarized in Table 1.3-1 
Existing Site Conditions.  

 
Table 1.3-1 

Ebenezer Road Subdivision 
Existing Site Conditions 

 
Roadway  Speed           Lanes     Road   Major Road Plan   
   Limit        Width      
      
Kingston Pike   45 mph    5 ~58 feet Major Arterial   
(US 11/US 70) 
 
Ebenezer Road  30 mph  2 ~21 feet Minor Collector 
 

The intersection of Kingston Pike (US 11/US 70) at Ebenezer Road is located within 
the City of Knoxville limits and the signal is maintained by the City of Knoxville 
Department of Engineering.   
 
At the signalized intersection of Kingston Pike (US 11/US 70) at Ebenezer Road the 
eastbound approach (Kingston Pike) has a left turn lane with an approximate storage 
length of 140 feet and a right turn lane with an approximate storage length of 140 
feet.  The westbound approach (Kingston Pike) has a left turn lane with an 
approximate storage length of 90 feet and a right turn lane with an approximate 
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storage length of 100 feet.  The southbound approach (Driveway) has a separate 
right turn lane with an approximate storage length of 50 feet.  The northbound 
approach (Ebenezer Road) has a separate right turn lane with an approximate 
storage length of 50 feet.    
 
The measured width of Ebenezer Road south of the signalized intersection is 30 feet 
and tapers to 24 feet south of the existing commercial driveway connections.  The 
measured width of Ebenezer Road at the proposed subdivision roadway connection 
is approximately 21 feet.    
 
An aerial photo of the signalized intersection of Kingston Pike (US 11/US 70) at 
Ebenezer Road is included in Attachment 1.  
 
Guardrails are located on both sides of Ebenezer Road south of Kingston Pike (US 
11/US 70) at the Ten Mile Creek crossing.  Pictures of the existing conditions of the 
guardrails are included in Attachment 1.   
 
There are no sidewalks or bike infrastructure in the vicinity of the proposed 
development.    
 
The Knoxville Area Transit (KAT) operates in the vicinity of the proposed 
development.  Route 16 (Cedar Bluff Connector) stops include Parkwest Hospital, 
Cedar Bluff at Fox Lonas and Walmart Walbrook Drive.  The nearest KAT stop to the 
development along Route 16 is currently located on Cedar Bluff Road near the 
Kroger Development which is approximately 1.1 miles walk to the Ebenezer Road 
Subdivision.    
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2 Existing Traffic Volumes 

Ardurra conducted a peak hour turning movement count at the signalized 
intersection of Kingston Pike (US 11/US 70) at Ebenezer Road on Tuesday March 
19, 2024.  The AM peak hour occurred between 7:45 a.m. and 8:45 a.m. with an 
AM PHF of 0.97.  The PM peak hour occurred between 5:00 p.m. and 6:00 p.m. 
with a PM PHF of 0.94.   
 
The existing volumes including the AM and PM peak hour traffic volumes at the 
count locations are shown in Figure 3, and the count data collected is included in 
Attachment 2.   
 
 
 



Figure 3: 2024 Existing Peak Hour Traffic
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3 Background Growth 

The Tennessee Department of Transportation (TDOT) maintains count stations in the 
vicinity of the proposed development.     
 
TDOT count station ID 47000466 is located on Ebenezer Road between Kingston 
Pike (US 11/US 70) and George Williams Road in Knoxville, TN.  The annual 
growth rate for this station over the last ten years is approximately -3.80%.  The 
2023 ADT was 4,581 vehicles per day.    
 
TDOT count station ID 47000128 is located on Kingston Pike (US 11/US 70) west 
of the signalized intersection with Cedar Bluff Road.  The annual growth rate for this 
station over the last ten years is approximately 0.59%.  The 2022 ADT was 27,645 
vehicles per day.   
 
For the purpose of this study, an annual growth rate of 1.0% was assumed for traffic 
at the studied intersections until full occupancy is reached in 2027.  Attachment 3 
shows the trend line growth charts for the TDOT count stations.   
 
Figure 4 demonstrates the projected background peak hour volumes at the studied 
intersections after applying the background growth rate to the existing conditions. 
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3.1 Future Development Area 

In addition to the background growth, the trips from the Future Development Area 
were calculated and included in the projected background peak hour traffic.  The 
future development area is expected to be a proposed apartment complex with 278 
garden style apartment units. A roadway connection between the two developments 
is under consideration for the purpose of emergency access.   
 
The Knoxville-Knox County Planning Commission published a memorandum 
(“Local Trip Generation Rates for Multi-Family Residential Uses”, August 14, 2000) 
for the purpose of providing locally collected data for all multi-family residential 
developments.  The fitted curve equations from the local study were used to 
calculate site trips for the future development area.   
 
The land use worksheets are included in the attachments and a trip generation 
summary is shown in Table 3.1.    
 

Table 3.1-1 
Future Development Area 
Trip Generation Summary 

 
Land Use  Density  Daily   AM Peak Hour  PM Peak Hour 
     Trips  Enter Exit  Enter Exit 
 
Apartments  278 Units  2,392  30 107  108 88 
(Local Trip Gen Study)  
 
 
The total combined new trips generated by the Future Development Area were 
estimated to be 2,392 daily trips. The estimated trips are 137 trips during the AM 
peak hour and 196 trips during the PM peak hour.   
 
The directional distribution of the traffic generated by the Ebenezer Road 
Subdivision was determined using the existing traffic volumes in combination with 
the site plan layout.  The entering/exiting traffic was assumed to be 70% Ebenezer 
Road northbound to/from Kingston Pike (US 11/US 70) and 30% Ebenezer Road 
southbound to/from Gleason Drive/Westland Drive.   
  
Figures 5 and 6 show the Future Development Area – apartment peak hour trip 
distribution and site trips.   
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4 Trip Generation and Trip Distribution 

The Ebenezer Road Subdivision proposes 113 single-family residential lots. A 
roadway connection between the two developments is under consideration for the 
purpose of emergency access.  Single-Family Detached Housing or Land Use 210 
was used to calculate site trips for the development using the fitted curve equations 
from the Trip Generation, 11th Edition, published by the Institute of Transportation 
Engineers. 
 
The land use worksheets are included in Attachment 4.  A trip generation summary 
is shown in Table 4-1. 
 

Table 4-1 
Ebenezer Road Subdivision 
Trip Generation Summary 

 
Land Use  Density  Daily   AM Peak Hour  PM Peak Hour 
     Trips  Enter Exit  Enter Exit 
 
Single Family   113 Lots 1,129  21 62  71 41 
Detached Housing 
(LUC  
 

The total combined new trips generated by the Ebenezer Road Subdivision were 
estimated to be 1,129 daily trips. The estimated trips are 83 trips during the AM 
peak hour and 112 trips during the PM peak hour.   
 
Ebenezer Road at the intersection with Kingston Pike (US 11 / US 70) has an 
existing trip distribution of 70% northbound and 30% southbound during the AM 
peak hour and 45% northbound and 55% southbound during the PM peak hour. 
 
The directional distribution of the traffic generated by the Ebenezer Road 
Subdivision was determined using the existing traffic volumes in combination with 
the site plan layout.  The entering/exiting traffic was assumed to be 70% Ebenezer 
Road northbound to/from Kingston Pike (US 11 / US 70) and 30% Ebenezer Road 
southbound to/from Gleason Drive/Westland Drive.   
  
Figures 7 and 8 show the subdivision peak hour trip distribution and site trips.  
Figure 9 shows the 2027 full buildout peak hour traffic including the background 
growth and the peak hour site trips from both the future development area and the 
Ebenezer Road Subdivision.  
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5 Projected Capacity and Level of Service 

Intersection capacity analyses were performed using the Synchro 11 Software at 
signalized intersection and the Highway Capacity Software 2023 at the two-way 
stop-controlled intersections in order to evaluate the AM and PM peak hours for 
existing, background and full buildout conditions.  The existing signal timing at the 
signalized intersection was provided by City of Knoxville Department of 
Engineering and is included in Attachment 5.  
 
Level of Service 
The results from the analyses are expressed with a term “level of service” (LOS), 
which is based on the amount of delay experienced at the intersection.  The LOS 
index ranges from LOS A, indicating excellent traffic conditions with minimal delay, 
to LOS F indicating very congested conditions with excessive delay.  LOS D 
generally is considered the minimum acceptable condition in urban areas.  Table 5-
1 shows the LOS index range for signalized and unsignalized intersections as 
defined by the Highway Capacity Manual (HCM).    
 

 
Table 5-1 

Level of Service (LOS) Index 
 
Level of Service   Signalized Intersection  Unsignalized Intersection  
 
LOS A    ≤ 10 sec    ≤ 10 sec  
 
LOS B    10 – 20 sec   10 – 15 sec 
 
LOS C    20 – 35 sec   15 – 25 sec 
 
LOS D    35 – 55 sec   25 – 35 sec 
     
LOS E    55 – 80 sec   35 – 50 sec 
   
LOS F    > 80 sec   > 50 sec 
 
 
The Synchro 11 worksheets are included in Attachments 6, 7, and 8.  Table 5-2 
shows the results of the capacity analyses.     
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Table 5-2 
Level of Service (LOS) Summary 

 
      Year 2024 Year 2027 Year 2027 
Intersection   Time Period Existing  Background Full Buildout 
      (Delay/LOS) (Delay/LOS) (Delay/LOS) 
 
Kingston Pike (US 11/US 70) @ AM Peak  
Ebenezer Road   Intersection 18.0 / B  18.3 / B  22.9 / C 
    PM Peak 
    Intersection 27.3 / C  28.1 / C  38.0 / D 
 
Ebenezer Road @  AM Peak 
Apartment Driveway  WB Approach     12.5 / B 
    SB Approach     1.2 / A 
    PM Peak  
    WB Approach     14.1 / B 
    SB Approach     1.7 / A 
 
Ebenezer Road @  AM Peak 
Driveway   WB Approach     11.5 / B 
    SB Approach     0.8 / A 
    PM Peak  
    WB Approach     12.5 / B 
    SB Approach     1.4 / A 
 
 
Notes: 
1.Whole intersection weighted average control delay expressed in second per vehicle for signalized 
intersections and all-way stop controlled intersections.  
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6 Queue Analysis 

Table 6-1 presents the Synchro traffic queueing summary for the 95th percentile 
queue at the signalized intersection of Kingston Pike (US 11/US 70) at Ebenezer 
Road for both the AM and PM peak hour.   
 
      

Table 6-1 
Synchro Queue Summary 

 
Intersection       Movement Storage   Existing  Background       Full Buildout 
    Capacity Conditions   Conditions Conditions 

 (ft)  AM PM AM PM AM PM  
 
EBL  140                14        26          14        27          16    29 

  EBT  585  264      604  274    #650 304      #725 
Kingston Pk EBR  140      0   21     0   23     0    54 
(US 70/US 11)  WBL  90    42 119   43 135   59  216 
@ Ebenezer Rd WBT  1,000+  148 277 154 288 171  288 
  WBR  100      0     1     0     1     0      1 
  NBT  1,000+  125     #169 127     #180 162      #259 
  NBR  50    57   61   58   68 101  131 
  SBT  240    31     #257   31     #268   33      #281 
  SBR  50     0     0     0     0     0      0 

  
 
Notes: 
The # footnote indicates that the volume for the 95th percentile cycle exceeds capacity.  
Bold indicates queue length exceeds available storage capacity. 
 
Bold cells indicate that the queue lengths are more than the available storage. The 
95th percentile queue length is defined as the queue length that has only a 5-percent 
probability of being exceeded during the analysis time period. The 95th percentile 
queue length is typically used to determine the length of turning lanes in order to 
minimize the risk of blockage. Synchro assumes a vehicle length of 25 feet.  

The northbound right turn lane has an existing storage length of 50 feet and an 
additional 30 feet of taper length before the queue from the signalized intersection 
would block the driveway to the retail strip center.  The signalized intersection 
capacity analysis shows the full buildout 95% queue length for the northbound right 
turn lane of approximately 101 feet (4 vehicles) during the AM peak hour and 131 
feet (6 vehicles) during the PM peak hour and the full buildout 50% queue length 
for the northbound right turn lane of approximately 31 feet (2 vehicles) during the 
AM peak hour and 47 feet (2 vehicles) during the PM peak hour.   
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Therefore; the existing northbound right turn lane storage will exceed capacity and 
cause spillback into the thru lane less than 50% of time after the completion of the 
Ebenezer Road Subdivision.  
 

7 Turn Lane Warrant Analysis 

The intersection of Ebenezer Road at the proposed apartment roadway connection 
and the proposed subdivision roadway connection was evaluated to determine if a 
northbound right turn lane or a southbound left turn lane are warranted.  The Knox 
County Department of Engineering and Public Works handbook, “Access Control 
and Driveway Design Policy,” was used to analyze the information.  
 
At the intersection of Ebenezer Road at the proposed roadway connection to the 
Future Development Area a southbound left turn is warranted during the PM peak 
hour and a northbound right turn lane is not warranted during either the AM and or 
PM peak hours after the full buildout of the Ebenezer Road Subdivision and Future 
Development Area. 
 
At the intersection of Ebenezer Road at the proposed roadway connection to the 
Ebenezer Road Subdivision neither a southbound left turn lane nor a northbound 
right turn lane are warranted during the AM or PM peak hours.    
 
The turn lane warrant worksheets and analysis are included in Attachment 9.  

8 Conclusions and Recommendations 

8.1 Kingston Pike (US 11/US 70) at Ebenezer Road 

The existing intersection of Kingston Pike (US 11/US 70) at Ebenezer Road is a 
signalized four-legged intersection.  The southbound approach is an existing 
shopping center driveway connection.  The existing signal timing was provided by 
the City of Knoxville.   

Under the existing and 2027 background conditions the signalized intersection of 
Kingston Pike (US 11/US 70) at Ebenezer Road operates at an acceptable LOS B 
during the AM peak hour and LOS C during the PM peak hour.    

After the completion of the Ebenezer Road Subdivision including the future 
development area the traffic conditions for the signalized intersection of Kingston 
Pike (US 11/US 70) at Ebenezer Road will operate at an acceptable LOS C during 
the AM peak hour and a LOS D during the PM peak hour.  
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The 95% queue length is defined as the queue length that has only a 5-percent 
probability of being exceeded during the analysis time period.  The 95% queue 
length is typically used to determine the length of turning lanes in order to minimize 
the risk of blockage. 

The northbound right turn lane has an existing storage length of 50 feet and an 
additional 30 feet of taper length before the queue from the signalized intersection 
would block the driveway to the retail strip center.  The signalized intersection 
capacity analysis shows the full buildout 95% queue length for the northbound right 
turn lane of approximately 101 feet (4 vehicles) during the AM peak hour and 131 
feet (6 vehicles) during the PM peak hour and the full buildout 50% queue length 
for the northbound right turn lane of approximately 31 feet (2 vehicles) during the 
AM peak hour and 47 feet (2 vehicles) during the PM peak hour.   

The northbound right turn lane (Ebenezer Road) will exceed the available queue 
storage length of 50 feet less than 50% of the time after the completion of the 
Ebenezer Road Subdivision and Future Development Area.   

There are several existing constraints including the location of guard rails and power 
poles and the proximity to Ten Mile Creek that would make extending the storage 
length of the right turn lane difficult to construct.   

The existing geometry of the northbound right turn lane is a 50-foot storage length 
and a 30-foot taper ending at the start of the existing commercial driveway.  In order 
to maximum storage capacity Ardurra recommends relocating the communication 
pole and widening the 80-foot length of Ebenezer Road between the stop bar and 
the commercial driveway to match the existing width of 20 feet to allow additional 
vehicle stacking.   

Ardurra recommends that any future intersection improvements be reviewed, 
coordinated and approved by both the City of Knoxville Department of Engineering 
and Knox County Engineering and Public Works.     

8.2 Ebenezer Road at Future Development Area 

The proposed full buildout conditions at the unsignalized intersection of Ebenezer 
Road at the Future Development Area Roadway were analyzed using the Highway 
Capacity Software (HCS2023).   
 
A southbound left turn lane is warranted during the PM peak hour and a 
northbound right turn lane is not warranted at the intersection of Ebenezer Road at 
Future Development Area Roadway per the Knox County Department of 
Engineering and Public Works handbook, “Access Control and Driveway Design 
Policy.”   
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The southbound left turn lane has a recommended minimum storage length of 50 
feet per the AASHTO Greenbook “A Policy on Geometric Design of Highways and 
Streets.” 
 
After the completion of the full buildout of the Ebenezer Road Subdivision including 
the proposed roadway improvements the intersection of Ebenezer Road at Future 
Development Area Roadway will operate as follows.  The westbound approach 
(Apartment Roadway) will operate at a LOS B during both the AM and PM peak 
hours and the southbound approach (Ebenezer Road) will operate at a LOS A during 
both the AM and PM peak hours.     
 
Ebenezer Road is classified as Minor Collector per the Major Road Plan.  The 
minimum intersection spacing required on a collector road is 300 feet per the 
“Knoxville-Knox County Subdivision Regulations” amended through October 6, 
2022.   
 
The minimum required sight distance for a road with a posted speed limit of 30 
mph is 300 feet in each direction in accordance with the “Knoxville-Knox County 
Subdivision Regulations” amended through October 6, 2022.   
 
The location of the proposed apartment roadway for the Future Development Area 
is still under consideration.   
 
Ardurra recommends that the intersection sight distance be certified by a land 
surveyor prior to construction in order to verify that Ebenezer Road has adequate 
intersection sight distance at the proposed apartment roadway connection to 
comply with Knox County Engineering and Public Works guidelines. 
    
Ardurra recommends that the signs and pavement markings be installed in 
accordance with the standards provided in the Manual on Uniform Traffic Control 
Devices (MUTCD). 
 
Any future improvements to the intersection or the various traffic management 
infrastructure, would need to be reviewed, coordinated, and approved by Knox 
County Engineering and Public Works.     

8.3 Ebenezer Road at Ebenezer Subdivision 

The proposed full buildout conditions at the unsignalized intersection of Ebenezer 
Road at the Ebenezer Subdivision Roadway were analyzed using the Highway 
Capacity Software (HCS2023).   
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Neither a southbound left turn lane nor a northbound right turn lane is warranted at 
the intersection of Ebenezer Road at Ebenezer Subdivision Roadway per the Knox 
County Department of Engineering and Public Works handbook, “Access Control 
and Driveway Design Policy.”  
 
After the completion of the full buildout of the Ebenezer Road Subdivision the 
intersection of Ebenezer Road at Subdivision Roadway will operate as follows.  The 
westbound approach (Subdivision Roadway) will operate at a LOS B during both the 
AM and PM peak hours and the southbound approach (Ebenezer Road) will operate 
at a LOS A during both the AM and PM peak hours.     
 
Ebenezer Road is classified as Minor Collector per the Major Road Plan.  The 
minimum intersection spacing required on a collector road is 300 feet per the 
“Knoxville-Knox County Subdivision Regulations” amended through October 6, 
2022.  The Ebenezer Subdivision Roadway is located approximately 535 feet north 
of Rosemont Boulevard; therefore, the minimum separation on a collector is met 
and no change is necessary.   
 
The minimum required sight distance for a road with a posted speed limit of 30 
mph is 300 feet in each direction in accordance with the “Knoxville-Knox County 
Subdivision Regulations” amended through October 6, 2022.   
 
At 15 feet from the edge of pavement the intersection sight distance is greater than 
300 feet looking both northbound and southbound.  Attachment 10 includes 
pictures of the intersection sight distance at the intersection of Ebenezer Road at 
Ebenezer Subdivision Roadway.  
 
Ardurra recommends that the intersection sight distance be certified by a land 
surveyor prior to construction in order to verify that Ebenezer Road has adequate 
intersection sight distance at the proposed apartment roadway connection to 
comply with Knox County Engineering and Public Works guidelines. 
    
Ardurra recommends that the signs and pavement markings be installed in 
accordance with the standards provided in the Manual on Uniform Traffic Control 
Devices (MUTCD). 
 
Any future improvements to the intersection or the various traffic management 
infrastructure, would need to be reviewed, coordinated, and approved by Knox 
County Engineering and Public Works.     
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Aerial Photos 

 
 
 



 

Kingston Pike (SR 70) at Ebenezer Road - Signalized 

 

 

 

 

 

 

 

 

 



 

Ebenezer Road Guardrail - Northbound 

 

Ebenezer Road Guardrail – Southbound 
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Project:  330.029 Ebenezer Rd Subdivision
Intersection: Kingston Pike at Ebenezer Road
Date Conducted:  Tuesday March 19,2024

Left Thru Right Total Left Thru Right Total Left Thru Right Total Left Thru Right Total Int. Total
7:00 AM 0 0 0 0 7 81 3 91 13 0 18 31 0 65 3 68 190
7:15 AM 0 0 2 2 6 104 1 111 17 1 32 50 0 130 8 138 301
7:30 AM 2 4 2 8 14 98 4 116 27 1 45 73 0 154 9 163 360
7:45 AM 1 0 2 3 17 158 4 179 31 4 48 83 4 209 13 226 491

Total 3 4 6 13 44 441 12 497 88 6 143 237 4 558 33 595 1342

8:00 AM 4 3 3 10 15 141 3 159 29 2 49 80 3 217 15 235 484
8:15 AM 1 3 1 5 21 160 8 189 20 2 46 68 1 213 10 224 486
8:30 AM 4 0 5 9 20 170 13 203 25 6 30 61 2 154 7 163 436
8:45 AM 5 7 2 14 14 150 4 168 22 3 36 61 3 182 12 197 440

Total 14 13 11 38 70 621 28 719 96 13 161 270 9 766 44 819 1846

9:00 AM 4 3 0 7 15 115 9 139 20 2 26 48 0 139 14 153 347
9:15 AM 7 4 1 12 6 171 6 183 20 2 21 43 2 158 19 179 417
9:30 AM 4 1 0 5 13 129 8 150 22 0 26 48 1 142 11 154 357
9:45 AM 3 0 0 3 21 173 9 203 15 0 28 43 3 163 11 177 426

Total 18 8 1 27 55 588 32 675 77 4 101 182 6 602 55 663 1547

10:00 AM 9 6 2 17 11 158 10 179 18 5 10 33 1 133 8 142 371
10:15 AM 4 6 3 13 7 175 11 193 13 4 17 34 3 196 10 209 449
10:30 AM 9 4 3 16 13 193 13 219 16 6 22 44 2 147 8 157 436
10:45 AM 6 4 3 13 13 194 15 222 17 3 16 36 1 191 12 204 475

Total 28 20 11 59 44 720 49 813 64 18 65 147 7 667 38 712 1731

11:00 AM 14 6 4 24 14 199 14 227 21 8 15 44 6 189 14 209 504
11:15 AM 5 4 8 17 14 220 12 246 26 4 16 46 2 207 11 220 529
11:30 AM 12 6 4 22 21 191 14 226 23 6 15 44 6 185 22 213 505
11:45 AM 7 7 6 20 19 259 12 290 17 5 25 47 5 265 18 288 645

Total 38 23 22 83 68 869 52 989 87 23 71 181 19 846 65 930 2183

12:00 PM 11 3 7 21 25 226 12 263 24 7 22 53 6 231 9 246 583
12:15 PM 15 1 7 23 20 259 16 295 20 2 27 49 4 255 17 276 643
12:30 PM 14 10 3 27 13 264 12 289 23 3 28 54 3 231 28 262 632
12:45 PM 6 5 4 15 24 269 10 303 19 7 19 45 7 256 15 278 641

Total 46 19 21 86 82 1018 50 1150 86 19 96 201 20 973 69 1062 2499

1:00 PM 19 4 6 29 16 197 14 227 26 1 18 45 6 207 15 228 529
1:15 PM 12 3 5 20 15 268 18 301 24 5 18 47 2 262 25 289 657
1:30 PM 12 7 4 23 14 261 15 290 29 2 16 47 5 221 23 249 609
1:45 PM 8 2 4 14 19 307 19 345 29 4 17 50 5 246 18 269 678

Total 51 16 19 86 64 1033 66 1163 108 12 69 189 18 936 81 1035 2473

2:00 PM 17 6 8 31 17 243 18 278 16 4 22 42 3 213 29 245 596
2:15 PM 13 7 6 26 23 261 14 298 19 3 16 38 2 251 22 275 637
2:30 PM 4 7 3 14 16 269 11 296 20 5 15 40 4 217 20 241 591
2:45 PM 9 4 3 16 19 251 19 289 28 4 22 54 3 244 13 260 619

Total 43 24 20 87 75 1024 62 1161 83 16 75 174 12 925 84 1021 2443

3:00 PM 9 8 6 23 22 231 12 265 32 2 23 57 3 237 22 262 607
3:15 PM 9 8 1 18 21 270 15 306 20 4 17 41 5 269 29 303 668
3:30 PM 11 7 4 22 26 257 15 298 33 8 30 71 1 221 20 242 633
3:45 PM 11 8 5 24 37 304 14 355 26 2 18 46 5 266 20 291 716

Total 40 31 16 87 106 1062 56 1224 111 16 88 215 14 993 91 1098 2624

4:00 PM 12 7 5 24 26 218 11 255 32 1 29 62 10 264 27 301 642
4:15 PM 6 7 2 15 27 251 11 289 28 3 23 54 4 320 27 351 709
4:30 PM 21 9 1 31 32 226 12 270 28 7 29 64 3 303 23 329 694
4:45 PM 12 11 2 25 28 261 14 303 18 4 28 50 4 328 25 357 735

Total 51 34 10 95 113 956 48 1117 106 15 109 230 21 1215 102 1338 2780

5:00 PM 28 15 2 45 44 247 7 298 35 3 41 79 5 309 25 339 761
5:15 PM 30 13 4 47 38 253 8 299 29 6 40 75 6 313 28 347 768
5:30 PM 27 11 6 44 33 231 13 277 18 5 24 47 1 299 33 333 701
5:45 PM 19 15 5 39 32 280 13 325 22 5 31 58 7 356 21 384 806

Total 104 54 17 175 147 1011 41 1199 104 19 136 259 19 1277 107 1403 3036

Grand Total 436 246 154 836 868 9343 496 10707 1010 161 1114 2285 149 9758 769 10676 24504
Approach % 52.2 29.4 18.4 8.1 87.3 4.6 44.2 7.0 48.8 1.4 91.4 7.2
Total % 1.8 1.0 0.6 3.4 3.5 38.1 2.0 43.7 4.1 0.7 4.5 9.3 0.6 39.8 3.1 43.6

Kingston Pike
Southbound Westbound Northbound Eastbound

Start

Driveway Kingston Pike Ebenezer Road



Project:  330.029 Ebenezer Rd Subdivision
Intersection: Kingston Pike at Ebenezer Road
Date Conducted:  Tuesday March 19,2024

AM Peak Hour 1897
PM Peak Hour 3036

Left Thru Right Total Left Thru Right Total Left Thru Right Total Left Thru Right Total Int. Total

7:45 AM 1 0 2 3 17 158 4 179 31 4 48 83 4 209 13 226 491
8:00 AM 4 3 3 10 15 141 3 159 29 2 49 80 3 217 15 235 484
8:15 AM 1 3 1 5 21 160 8 189 20 2 46 68 1 213 10 224 486
8:30 AM 4 0 5 9 20 170 13 203 25 6 30 61 2 154 7 163 436

Total Volume 10 6 11 27 73 629 28 730 105 14 173 292 10 793 45 848 1897
Future (1.0% over 3 yrs) 10 6 11 75 648 29 108 14 178 10 817 46 1954
PHF 0.63 0.50 0.55 0.87 0.93 0.54 0.85 0.58 0.88 0.63 0.91 0.75 0.97

5:00 PM 28 15 2 45 44 247 7 298 35 3 41 79 5 309 25 339 761
5:15 PM 30 13 4 47 38 253 8 299 29 6 40 75 6 313 28 347 768
5:30 PM 27 11 6 44 33 231 13 277 18 5 24 47 1 299 33 333 701
5:45 PM 19 15 5 39 32 280 13 325 22 5 31 58 7 356 21 384 806

Total Volume 104 54 17 175 147 1011 41 1199 104 19 136 259 19 1277 107 1403 3036
Future (1.0% over 3 yrs) 107 56 18 151 1042 42 107 20 140 20 1316 110 3128
PHF 0.87 0.90 0.71 0.84 0.90 0.79 0.74 0.79 0.83 0.68 0.90 0.81 0.94

7:45 AM - 8:45 AM
5:00 PM - 6:00 PM

Driveway Kingston Pike Ebenezer Road Kingston Pike
Southbound Westbound Northbound Eastbound

PM Peak Hour begins at 5:00 PM

Start
Peak Hour Analysis from 7:00 AM to 9:00 AM
AM Peak Hour begins at 7:45 AM

Peak Hour Analysis from 3:00 PM to 6:00 PM



Attachment 3 
ADT Trends 

 
 
 



Year
Adjusted Average 

Daily Traffic
10 2010 6563
11 2011 5988
12 2012 6391
13 2013 6321
14 2014 5845
15 2015 6576
16 2016 5609
17 2017 5866
18 2018 4111
19 2019 4526
20 2020 5562
21 2021 4240
22 2022 4491
23 2023 4581

Most Recent Trend Line Growth
Year ADT
2013 6321
2023 4581

Annual Percent Growth -3.80%
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ADT Trend - TDOT Station ID: 47000466
Ebenezer Rd



Year
Adjusted Average 

Daily Traffic
2001 28732
2002 30319
2003 28953
2004 30734
2005 27340
2006 27738
2007 27777
2008 25714
2009 24173
2010 24388
2011 27957
2012 26019
2013 27441
2014 27306
2015 28450
2016 28758
2017 29058
2018 25708
2019 27477
2020 29865
2021 24832
2022 27645
2023 16397

Most Recent Trend Line Growth
Year ADT
2012 26019
2022 27645

Annual Percent Growth 0.59%
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Trip Generation 

 
 
 



Project:  Ebenezer Subdivision - Future Development Area
Date Conducted: 4/12/2024

Local Apartment Trip Generation Study
278 Units

Average Daily Traffic
T = 15.193(X)^0.899
T = 15.193(278)^0.899
T = 2392

Peak Hour of Adjacent Street Traffic
One Hour Between 7 and 9 a.m.
T = 0.758(X)^0.924
T = 0.758(278)^0.924
T = 137

Peak Hour of Adjacent Street Traffic
One Hour Between 4 and 6 p.m.
T = 0.669(X) + 10.069
T = 0.669(278) + 10.069
T = 196

Enter Exit Enter Exit
Weekday (24 hours) 2392 50% 50% 1196 1196
AM Peak Hour 137 22% 78% 30 107
PM Peak Hour 196 55% 45% 108 88

Time Period Total Trips
Percent Number



Project:  Ebenezer Road Subdivision
Date Conducted: 4/12/2024

Single-Family Detached Housing (LUC 210)
113 Lots

Average Daily Traffic
Ln(T) = 0.92 Ln(X) + 2.68
Ln(T) = 0.92 Ln(113) + 2.68
T = 1129

Peak Hour of Adjacent Street Traffic
One Hour Between 7 and 9 a.m.
Ln(T) = 0.91 Ln(X) + 0.12
Ln(T) = 0.91 Ln(113) + 0.12
T = 83

Peak Hour of Adjacent Street Traffic
One Hour Between 4 and 6 p.m.
Ln(T) = 0.94 Ln(X) + 0.27
Ln(T) = 0.94 Ln(113) + 0.27
T = 112

Enter Exit Enter Exit
Weekday (24 hours) 1129 50% 50% 565 565
AM Peak Hour 83 25% 75% 21 62
PM Peak Hour 112 63% 37% 71 41

Time Period Total Trips
Percent Number



















Single-Family Detached Housing
(210)

Vehicle Trip Ends vs: Dwelling Units
On a: Weekday

Setting/Location: General Urban/Suburban
Number of Studies: 174

Avg. Num. of Dwelling Units: 246
Directional Distribution: 50% entering, 50% exiting

Vehicle Trip Generation per Dwelling Unit
Average Rate Range of Rates Standard Deviation

9.43 4.45 - 22.61 2.13

Data Plot and Equation
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Fitted Curve Equation: Ln(T) = 0.92 Ln(X) + 2.68 R²= 0.95
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Single-Family Detached Housing
(210)

Vehicle Trip Ends vs: Dwelling Units
On a: Weekday,

Peak Hour of Adjacent Street Traffic,
One Hour Between 7 and 9 a.m.

Setting/Location: General Urban/Suburban
Number of Studies: 192

Avg. Num. of Dwelling Units: 226
Directional Distribution: 26% entering, 74% exiting

Vehicle Trip Generation per Dwelling Unit
Average Rate Range of Rates Standard Deviation

0.70 0.27 - 2.27 0.24

Data Plot and Equation
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Average RateStudy Site Fitted Curve

Fitted Curve Equation: Ln(T) = 0.91 Ln(X) + 0.12 R²= 0.90

X = Number of Dwelling Units
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Single-Family Detached Housing
(210)

Vehicle Trip Ends vs: Dwelling Units
On a: Weekday,

Peak Hour of Adjacent Street Traffic,
One Hour Between 4 and 6 p.m.

Setting/Location: General Urban/Suburban
Number of Studies: 208

Avg. Num. of Dwelling Units: 248
Directional Distribution: 63% entering, 37% exiting

Vehicle Trip Generation per Dwelling Unit
Average Rate Range of Rates Standard Deviation

0.94 0.35 - 2.98 0.31

Data Plot and Equation
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Fitted Curve Equation: Ln(T) = 0.94 Ln(X) + 0.27 R²= 0.92

X = Number of Dwelling Units
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Attachment 5 
Signal Timing 

 
 
 



Intersection Name : Kingston Pike and Ebenezer Rd                                  Last Updated:   4/8/24 

Basic Timing (seconds) Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase 6 Phase 7 Phase 8 

Min Green  6 18 8 8  18   
Gap / Extension 2 3 3 2  3   

Max 1 20 50 30 15  50   
Max 2 25 55 25 30  55   

Yellow Clearance 4 4.5 4 4  4.5   
Red Clearance 1.5 1.5 2 3  1.5   

Walk N/A N/A N/A N/A  N/A   
Pedestrian Clearance N/A N/A N/A N/A  N/A   

Max Recall  X    X   
Active (Enable) Phases X X X X  X   
Flashing Yellow Arrow         

Overlaps (1-4)     
Coordination Timing/(seconds) 

Split # Coord. Phase Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase 6 Phase 7 Phase 8 

Split 1 2 17 36 21 21  53   
Split 2 2 16 38 28 18  54   
Split 3 2 18 60 21 21  78   
Split 4 2 26 54 20 20  80   
Split 5 2 18 63 19 25  81   
Split 6 2 28 63 22 22  91   

Pattern Table Lead / Lag  Fixed / Floating Fixed 
Pattern# Cycle Offset Split Seq. # Phase # Beginning of 

(Green/Yellow) 
Yellow 

1 95 22 1 1 1  Intersection ID# 252 
2 100 76 2 1 1  I/P Address N/A 
3 120 18 3 1 1  Hub Address N/A 
4 120 24 4 1 1  Radio Address  
5 125 24 5 1 1  Comm. Type N/A 
6 135 13 6 1 1  Detection Inductive Loops 

Day Plan Events 
Day Plan HH:MM Pattern Day Plan HH:MM Pattern 

1 00:00 54 2 00:00 54 
1 6:00 2 2 7:00 1 
1 9:30 3 2 8:00 5 
1 14:00 4 2 21:00 1 
1 18:30 1 2 23:00 54 
1 23:00 54    
      
      

Year Plan Scheduler 
Plan Month of Year: 01 - 12 Day of Month: 01 - 31 Plan 
M - F 1-12 01-31 1 
SAT 1-12 01-31 2 
SUN 1-12 01-31 2 

Notes :  
 
 



 
Ring and Barrier Diagram: 
 
Sequence 1: 

 



Timings
1: Ebenezer Road/Driveway & Kingston Pike 05/23/2024

Existing AM Peak  7:45 am 03/19/2024 Baseline Synchro 11 Report
Page 1

Lane Group EBL EBT EBR WBL WBT WBR NBT NBR SBT SBR
Lane Configurations
Traffic Volume (vph) 10 793 45 73 629 28 14 173 6 11
Future Volume (vph) 10 793 45 73 629 28 14 173 6 11
Turn Type Perm NA Perm pm+pt NA Perm NA Perm NA Perm
Protected Phases 2 1 6 8 4
Permitted Phases 2 2 6 6 8 4
Detector Phase 2 2 2 1 6 6 8 8 4 4
Switch Phase
Minimum Initial (s) 18.0 18.0 18.0 6.0 18.0 18.0 8.0 8.0 8.0 8.0
Minimum Split (s) 24.0 24.0 24.0 11.5 24.0 24.0 14.0 14.0 15.0 15.0
Total Split (s) 38.0 38.0 38.0 16.0 54.0 54.0 28.0 28.0 18.0 18.0
Total Split (%) 38.0% 38.0% 38.0% 16.0% 54.0% 54.0% 28.0% 28.0% 18.0% 18.0%
Yellow Time (s) 4.5 4.5 4.5 4.0 4.5 4.5 4.0 4.0 4.0 4.0
All-Red Time (s) 1.5 1.5 1.5 1.5 1.5 1.5 2.0 2.0 3.0 3.0
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 6.0 6.0 6.0 5.5 6.0 6.0 6.0 6.0 7.0 7.0
Lead/Lag Lag Lag Lag Lead
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode C-Max C-Max C-Max None Max Max None None None None
Act Effct Green (s) 56.7 56.7 56.7 67.1 66.6 66.6 12.4 12.4 8.0 8.0
Actuated g/C Ratio 0.57 0.57 0.57 0.67 0.67 0.67 0.12 0.12 0.08 0.08
v/c Ratio 0.02 0.41 0.05 0.18 0.28 0.03 0.55 0.51 0.11 0.04
Control Delay 16.3 16.0 0.1 9.3 8.8 0.0 49.9 11.1 44.7 0.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 16.3 16.0 0.1 9.3 8.8 0.0 49.9 11.1 44.7 0.3
LOS B B A A A A D B D A
Approach Delay 15.2 8.5 26.9 26.6
Approach LOS B A C C

Intersection Summary
Cycle Length: 100
Actuated Cycle Length: 100
Offset: 0 (0%), Referenced to phase 2:EBTL, Start of Green
Natural Cycle: 65
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 0.55
Intersection Signal Delay: 14.6 Intersection LOS: B
Intersection Capacity Utilization 60.6% ICU Level of Service B
Analysis Period (min) 15

Splits and Phases:     1: Ebenezer Road/Driveway & Kingston Pike



Timings
1: Ebenezer Road/Driveway & Kingston Pike 05/23/2024

Existing PM Peak  5:00 pm 03/19/2024 Synchro 11 Report
Page 1

Lane Group EBL EBT EBR WBL WBT WBR NBT NBR SBT SBR
Lane Configurations
Traffic Volume (vph) 19 1277 107 147 1011 41 19 136 54 17
Future Volume (vph) 19 1277 107 147 1011 41 19 136 54 17
Turn Type Perm NA Perm pm+pt NA Perm NA Perm NA Perm
Protected Phases 2 1 6 8 4
Permitted Phases 2 2 6 6 8 4
Detector Phase 2 2 2 1 6 6 8 8 4 4
Switch Phase
Minimum Initial (s) 18.0 18.0 18.0 6.0 18.0 18.0 8.0 8.0 8.0 8.0
Minimum Split (s) 24.5 24.5 24.5 11.5 24.0 24.0 14.0 14.0 15.0 15.0
Total Split (s) 54.0 54.0 54.0 26.0 80.0 80.0 20.0 20.0 20.0 20.0
Total Split (%) 45.0% 45.0% 45.0% 21.7% 66.7% 66.7% 16.7% 16.7% 16.7% 16.7%
Yellow Time (s) 4.5 4.5 4.5 4.0 4.5 4.5 4.0 4.0 4.0 4.0
All-Red Time (s) 2.0 2.0 2.0 1.5 1.5 1.5 2.0 2.0 3.0 3.0
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 6.5 6.5 6.5 5.5 6.0 6.0 6.0 6.0 7.0 7.0
Lead/Lag Lag Lag Lag Lead
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode C-Max C-Max C-Max None Max Max None None None None
Act Effct Green (s) 59.6 59.6 59.6 76.3 75.8 75.8 12.5 12.5 12.6 12.6
Actuated g/C Ratio 0.50 0.50 0.50 0.64 0.63 0.63 0.10 0.10 0.10 0.10
v/c Ratio 0.08 0.77 0.13 0.66 0.48 0.04 0.70 0.49 0.89 0.06
Control Delay 19.8 29.6 2.1 30.2 12.9 0.1 71.9 13.9 94.8 0.4
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 19.8 29.6 2.1 30.2 12.9 0.1 71.9 13.9 94.8 0.4
LOS B C A C B A E B F A
Approach Delay 27.4 14.5 41.4 85.6
Approach LOS C B D F

Intersection Summary
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:EBTL, Start of Green
Natural Cycle: 80
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 0.89
Intersection Signal Delay: 26.9 Intersection LOS: C
Intersection Capacity Utilization 74.5% ICU Level of Service D
Analysis Period (min) 15

Splits and Phases:     1: Ebenezer Road/Driveway & Kingston Pike



Attachment 6 
Intersection Worksheets – Existing AM/PM Peaks 

 
 
 



HCM 6th Signalized Intersection Summary
1: Ebenezer Road/Driveway & Kingston Pike 05/23/2024

Existing AM Peak  7:45 am 03/19/2024 Baseline Synchro 11 Report
Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 10 793 45 73 629 28 105 14 173 10 6 11
Future Volume (veh/h) 10 793 45 73 629 28 105 14 173 10 6 11
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 10 818 46 75 648 29 108 14 178 10 6 11
Peak Hour Factor 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 2 2 2 2
Cap, veh/h 470 1858 829 409 2240 999 218 28 218 48 29 67
Arrive On Green 0.52 0.52 0.52 0.05 0.63 0.63 0.14 0.14 0.14 0.04 0.04 0.04
Sat Flow, veh/h 762 3554 1585 1781 3554 1585 1586 206 1585 1134 680 1585
Grp Volume(v), veh/h 10 818 46 75 648 29 122 0 178 16 0 11
Grp Sat Flow(s),veh/h/ln 762 1777 1585 1781 1777 1585 1791 0 1585 1814 0 1585
Q Serve(g_s), s 0.6 14.3 1.4 1.8 8.2 0.7 6.3 0.0 10.9 0.9 0.0 0.7
Cycle Q Clear(g_c), s 0.6 14.3 1.4 1.8 8.2 0.7 6.3 0.0 10.9 0.9 0.0 0.7
Prop In Lane 1.00 1.00 1.00 1.00 0.89 1.00 0.62 1.00
Lane Grp Cap(c), veh/h 470 1858 829 409 2240 999 246 0 218 77 0 67
V/C Ratio(X) 0.02 0.44 0.06 0.18 0.29 0.03 0.50 0.00 0.82 0.21 0.00 0.16
Avail Cap(c_a), veh/h 470 1858 829 502 2240 999 394 0 349 200 0 174
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 11.5 14.8 11.7 10.1 8.4 7.0 39.9 0.0 41.9 46.3 0.0 46.2
Incr Delay (d2), s/veh 0.1 0.8 0.1 0.1 0.3 0.1 1.5 0.0 7.8 0.5 0.0 0.4
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.1 5.4 0.5 0.6 2.7 0.2 2.9 0.0 4.7 0.4 0.0 0.3
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 11.6 15.6 11.9 10.1 8.7 7.0 41.4 0.0 49.7 46.8 0.0 46.6
LnGrp LOS B B B B A A D A D D A D
Approach Vol, veh/h 874 752 300 27
Approach Delay, s/veh 15.3 8.8 46.3 46.7
Approach LOS B A D D

Timer - Assigned Phs 1 2 4 6 8
Phs Duration (G+Y+Rc), s 10.8 58.3 11.2 69.0 19.8
Change Period (Y+Rc), s 5.5 6.0 7.0 6.0 6.0
Max Green Setting (Gmax), s 10.5 32.0 11.0 48.0 22.0
Max Q Clear Time (g_c+I1), s 3.8 16.3 2.9 10.2 12.9
Green Ext Time (p_c), s 0.0 4.9 0.0 4.5 0.8

Intersection Summary
HCM 6th Ctrl Delay 18.0
HCM 6th LOS B



Queues
1: Ebenezer Road/Driveway & Kingston Pike 05/23/2024

Existing AM Peak  7:45 am 03/19/2024 Baseline Synchro 11 Report
Page 1

Lane Group EBL EBT EBR WBL WBT WBR NBT NBR SBT SBR
Lane Group Flow (vph) 10 818 46 75 648 29 122 178 16 11
v/c Ratio 0.02 0.41 0.05 0.18 0.28 0.03 0.55 0.51 0.11 0.04
Control Delay 16.3 16.0 0.1 9.3 8.8 0.0 49.9 11.1 44.7 0.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 16.3 16.0 0.1 9.3 8.8 0.0 49.9 11.1 44.7 0.3
Queue Length 50th (ft) 3 174 0 18 96 0 75 0 10 0
Queue Length 95th (ft) 14 264 0 42 148 0 125 57 31 0
Internal Link Dist (ft) 551 715 608 380
Turn Bay Length (ft) 140 100 50 50
Base Capacity (vph) 428 2006 970 458 2356 1090 392 487 198 314
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.02 0.41 0.05 0.16 0.28 0.03 0.31 0.37 0.08 0.04

Intersection Summary



HCM 6th Signalized Intersection Summary
1: Ebenezer Road/Driveway & Kingston Pike 05/23/2024

Existing PM Peak  5:00 pm 03/19/2024 Synchro 11 Report
Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 19 1277 107 147 1011 41 104 19 136 104 54 17
Future Volume (veh/h) 19 1277 107 147 1011 41 104 19 136 104 54 17
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 20 1359 114 156 1076 44 111 20 145 111 57 18
Peak Hour Factor 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 2 2 2 2
Cap, veh/h 290 1846 823 241 2210 986 164 30 171 129 66 171
Arrive On Green 0.52 0.52 0.52 0.06 0.62 0.62 0.11 0.11 0.11 0.11 0.11 0.11
Sat Flow, veh/h 503 3554 1585 1781 3554 1585 1520 274 1585 1196 614 1585
Grp Volume(v), veh/h 20 1359 114 156 1076 44 131 0 145 168 0 18
Grp Sat Flow(s),veh/h/ln 503 1777 1585 1781 1777 1585 1794 0 1585 1811 0 1585
Q Serve(g_s), s 2.7 35.7 4.5 4.7 19.7 1.3 8.4 0.0 10.8 11.0 0.0 1.2
Cycle Q Clear(g_c), s 10.1 35.7 4.5 4.7 19.7 1.3 8.4 0.0 10.8 11.0 0.0 1.2
Prop In Lane 1.00 1.00 1.00 1.00 0.85 1.00 0.66 1.00
Lane Grp Cap(c), veh/h 290 1846 823 241 2210 986 193 0 171 195 0 171
V/C Ratio(X) 0.07 0.74 0.14 0.65 0.49 0.04 0.68 0.00 0.85 0.86 0.00 0.11
Avail Cap(c_a), veh/h 290 1846 823 444 2210 986 209 0 185 196 0 172
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 18.4 22.4 14.9 21.3 12.3 8.8 51.5 0.0 52.6 52.7 0.0 48.3
Incr Delay (d2), s/veh 0.5 2.7 0.4 1.1 0.8 0.1 7.7 0.0 27.8 28.8 0.0 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.3 14.4 1.6 2.0 7.2 0.4 4.2 0.0 5.6 6.5 0.0 0.5
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 18.8 25.1 15.3 22.4 13.1 8.9 59.2 0.0 80.4 81.5 0.0 48.4
LnGrp LOS B C B C B A E A F F A D
Approach Vol, veh/h 1493 1276 276 186
Approach Delay, s/veh 24.3 14.1 70.3 78.3
Approach LOS C B E E

Timer - Assigned Phs 1 2 4 6 8
Phs Duration (G+Y+Rc), s 12.3 68.8 19.9 81.1 18.9
Change Period (Y+Rc), s 5.5 6.5 7.0 * 6.5 6.0
Max Green Setting (Gmax), s 20.5 47.5 13.0 * 74 14.0
Max Q Clear Time (g_c+I1), s 6.7 37.7 13.0 21.7 12.8
Green Ext Time (p_c), s 0.2 6.3 0.0 9.2 0.2

Intersection Summary
HCM 6th Ctrl Delay 27.3
HCM 6th LOS C

Notes
* HCM 6th computational engine requires equal clearance times for the phases crossing the barrier.



Queues
1: Ebenezer Road/Driveway & Kingston Pike 05/23/2024

Existing PM Peak  5:00 pm 03/19/2024 Synchro 11 Report
Page 1

Lane Group EBL EBT EBR WBL WBT WBR NBT NBR SBT SBR
Lane Group Flow (vph) 20 1359 114 156 1076 44 131 145 168 18
v/c Ratio 0.08 0.77 0.13 0.66 0.48 0.04 0.70 0.49 0.89 0.06
Control Delay 19.8 29.6 2.1 30.2 12.9 0.1 71.9 13.9 94.8 0.4
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 19.8 29.6 2.1 30.2 12.9 0.1 71.9 13.9 94.8 0.4
Queue Length 50th (ft) 8 447 0 48 225 0 98 0 130 0
Queue Length 95th (ft) 26 604 21 119 277 1 #169 61 #257 0
Internal Link Dist (ft) 551 715 608 380
Turn Bay Length (ft) 140 100 50 50
Base Capacity (vph) 245 1758 857 373 2236 1034 208 312 195 292
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.08 0.77 0.13 0.42 0.48 0.04 0.63 0.46 0.86 0.06

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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HCM 6th Signalized Intersection Summary
1: Ebenezer Road/Driveway & Kingston Pike 05/23/2024

Background AM Peak   7:45 am 03/19/2024 Synchro 11 Report
Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 10 817 46 75 648 29 108 14 178 10 6 11
Future Volume (veh/h) 10 817 46 75 648 29 108 14 178 10 6 11
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 10 842 47 77 668 30 111 14 184 10 6 11
Peak Hour Factor 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 2 2 2 2
Cap, veh/h 460 1843 822 397 2226 993 225 28 224 48 29 67
Arrive On Green 0.52 0.52 0.52 0.05 0.63 0.63 0.14 0.14 0.14 0.04 0.04 0.04
Sat Flow, veh/h 748 3554 1585 1781 3554 1585 1590 201 1585 1134 680 1585
Grp Volume(v), veh/h 10 842 47 77 668 30 125 0 184 16 0 11
Grp Sat Flow(s),veh/h/ln 748 1777 1585 1781 1777 1585 1791 0 1585 1814 0 1585
Q Serve(g_s), s 0.7 14.9 1.5 1.8 8.6 0.7 6.4 0.0 11.3 0.9 0.0 0.7
Cycle Q Clear(g_c), s 0.7 14.9 1.5 1.8 8.6 0.7 6.4 0.0 11.3 0.9 0.0 0.7
Prop In Lane 1.00 1.00 1.00 1.00 0.89 1.00 0.62 1.00
Lane Grp Cap(c), veh/h 460 1843 822 397 2226 993 253 0 224 77 0 67
V/C Ratio(X) 0.02 0.46 0.06 0.19 0.30 0.03 0.49 0.00 0.82 0.21 0.00 0.16
Avail Cap(c_a), veh/h 460 1843 822 490 2226 993 394 0 349 200 0 174
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 11.7 15.2 11.9 10.4 8.6 7.1 39.6 0.0 41.7 46.3 0.0 46.2
Incr Delay (d2), s/veh 0.1 0.8 0.1 0.1 0.3 0.1 1.5 0.0 8.7 0.5 0.0 0.4
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.1 5.6 0.5 0.6 2.9 0.2 2.9 0.0 4.9 0.4 0.0 0.3
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 11.8 16.0 12.1 10.4 8.9 7.2 41.1 0.0 50.4 46.8 0.0 46.6
LnGrp LOS B B B B A A D A D D A D
Approach Vol, veh/h 899 775 309 27
Approach Delay, s/veh 15.8 9.0 46.6 46.7
Approach LOS B A D D

Timer - Assigned Phs 1 2 4 6 8
Phs Duration (G+Y+Rc), s 10.8 57.9 11.2 68.6 20.1
Change Period (Y+Rc), s 5.5 6.0 7.0 6.0 6.0
Max Green Setting (Gmax), s 10.5 32.0 11.0 48.0 22.0
Max Q Clear Time (g_c+I1), s 3.8 16.9 2.9 10.6 13.3
Green Ext Time (p_c), s 0.0 4.9 0.0 4.7 0.9

Intersection Summary
HCM 6th Ctrl Delay 18.3
HCM 6th LOS B



Queues
1: Ebenezer Road/Driveway & Kingston Pike 05/23/2024

Background AM Peak   7:45 am 03/19/2024 Synchro 11 Report
Page 1

Lane Group EBL EBT EBR WBL WBT WBR NBT NBR SBT SBR
Lane Group Flow (vph) 10 842 47 77 668 30 125 184 16 11
v/c Ratio 0.02 0.42 0.05 0.19 0.28 0.03 0.56 0.51 0.11 0.04
Control Delay 16.4 16.3 0.1 9.4 8.9 0.0 50.0 11.0 44.7 0.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 16.4 16.3 0.1 9.4 8.9 0.0 50.0 11.0 44.7 0.3
Queue Length 50th (ft) 3 181 0 18 100 0 76 0 10 0
Queue Length 95th (ft) 14 274 0 43 154 0 127 58 31 0
Internal Link Dist (ft) 551 715 608 380
Turn Bay Length (ft) 140 100 50 50
Base Capacity (vph) 418 2000 968 447 2351 1088 392 491 198 314
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.02 0.42 0.05 0.17 0.28 0.03 0.32 0.37 0.08 0.04

Intersection Summary



HCM 6th Signalized Intersection Summary
1: Ebenezer Road/Driveway & Kingston Pike 05/23/2024

Background PM Peak  5:00 pm 03/19/2024 Synchro 11 Report
Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 20 1316 110 151 1042 42 107 20 140 107 56 18
Future Volume (veh/h) 20 1316 110 151 1042 42 107 20 140 107 56 18
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 21 1400 117 161 1109 45 114 21 149 114 60 19
Peak Hour Factor 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 2 2 2 2
Cap, veh/h 280 1846 823 235 2215 988 167 31 174 129 68 172
Arrive On Green 0.52 0.52 0.52 0.06 0.62 0.62 0.11 0.11 0.11 0.11 0.11 0.11
Sat Flow, veh/h 487 3554 1585 1781 3554 1585 1515 279 1585 1187 624 1585
Grp Volume(v), veh/h 21 1400 117 161 1109 45 135 0 149 174 0 19
Grp Sat Flow(s),veh/h/ln 487 1777 1585 1781 1777 1585 1795 0 1585 1811 0 1585
Q Serve(g_s), s 3.0 37.5 4.6 4.8 20.5 1.3 8.7 0.0 11.1 11.4 0.0 1.3
Cycle Q Clear(g_c), s 11.0 37.5 4.6 4.8 20.5 1.3 8.7 0.0 11.1 11.4 0.0 1.3
Prop In Lane 1.00 1.00 1.00 1.00 0.84 1.00 0.66 1.00
Lane Grp Cap(c), veh/h 280 1846 823 235 2215 988 197 0 174 196 0 172
V/C Ratio(X) 0.07 0.76 0.14 0.69 0.50 0.05 0.68 0.00 0.85 0.89 0.00 0.11
Avail Cap(c_a), veh/h 280 1846 823 436 2215 988 209 0 185 196 0 172
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 18.8 22.9 15.0 22.6 12.4 8.8 51.4 0.0 52.5 52.8 0.0 48.3
Incr Delay (d2), s/veh 0.5 3.0 0.4 1.3 0.8 0.1 8.3 0.0 29.2 34.1 0.0 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.4 15.1 1.7 2.3 7.5 0.4 4.4 0.0 5.8 7.0 0.0 0.5
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 19.3 25.8 15.3 23.9 13.2 8.8 59.7 0.0 81.6 86.9 0.0 48.4
LnGrp LOS B C B C B A E A F F A D
Approach Vol, veh/h 1538 1315 284 193
Approach Delay, s/veh 25.0 14.4 71.2 83.1
Approach LOS C B E F

Timer - Assigned Phs 1 2 4 6 8
Phs Duration (G+Y+Rc), s 12.5 68.3 20.0 80.8 19.2
Change Period (Y+Rc), s 5.5 6.0 7.0 6.0 6.0
Max Green Setting (Gmax), s 20.5 48.0 13.0 74.0 14.0
Max Q Clear Time (g_c+I1), s 6.8 39.5 13.4 22.5 13.1
Green Ext Time (p_c), s 0.2 5.8 0.0 9.6 0.1

Intersection Summary
HCM 6th Ctrl Delay 28.1
HCM 6th LOS C



Queues
1: Ebenezer Road/Driveway & Kingston Pike 05/23/2024

Background PM Peak  5:00 pm 03/19/2024 Synchro 11 Report
Page 1

Lane Group EBL EBT EBR WBL WBT WBR NBT NBR SBT SBR
Lane Group Flow (vph) 21 1400 117 161 1109 45 135 149 174 19
v/c Ratio 0.09 0.80 0.14 0.71 0.50 0.04 0.72 0.51 0.91 0.07
Control Delay 19.9 30.7 2.3 38.2 13.2 0.1 72.8 15.8 97.7 0.4
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 19.9 30.7 2.3 38.2 13.2 0.1 72.8 15.8 97.7 0.4
Queue Length 50th (ft) 8 468 0 64 236 0 101 6 135 0
Queue Length 95th (ft) 27 #650 23 135 288 1 #180 68 #268 0
Internal Link Dist (ft) 551 715 608 380
Turn Bay Length (ft) 140 100 50 50
Base Capacity (vph) 237 1754 855 362 2227 1030 208 309 195 289
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.09 0.80 0.14 0.44 0.50 0.04 0.65 0.48 0.89 0.07

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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HCM 6th Signalized Intersection Summary
1: Ebenezer Road/Driveway & Kingston Pike 05/23/2024

Full Buildout AM Peak  7:45 pm 03/19/2024 Synchro 11 Report
Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 10 817 58 97 648 29 149 20 249 10 8 11
Future Volume (veh/h) 10 817 58 97 648 29 149 20 249 10 8 11
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 10 842 60 100 668 30 154 21 257 10 8 11
Peak Hour Factor 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 2 2 2 2
Cap, veh/h 423 1667 743 360 2062 920 292 40 294 45 36 70
Arrive On Green 0.47 0.47 0.47 0.06 0.58 0.58 0.19 0.19 0.19 0.04 0.04 0.04
Sat Flow, veh/h 748 3554 1585 1781 3554 1585 1577 215 1585 1011 809 1585
Grp Volume(v), veh/h 10 842 60 100 668 30 175 0 257 18 0 11
Grp Sat Flow(s),veh/h/ln 748 1777 1585 1781 1777 1585 1792 0 1585 1820 0 1585
Q Serve(g_s), s 0.7 16.5 2.1 2.7 9.7 0.8 8.8 0.0 15.8 1.0 0.0 0.7
Cycle Q Clear(g_c), s 0.7 16.5 2.1 2.7 9.7 0.8 8.8 0.0 15.8 1.0 0.0 0.7
Prop In Lane 1.00 1.00 1.00 1.00 0.88 1.00 0.56 1.00
Lane Grp Cap(c), veh/h 423 1667 743 360 2062 920 332 0 294 81 0 70
V/C Ratio(X) 0.02 0.51 0.08 0.28 0.32 0.03 0.53 0.00 0.87 0.22 0.00 0.16
Avail Cap(c_a), veh/h 423 1667 743 447 2062 920 394 0 349 200 0 174
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 14.3 18.5 14.7 13.0 10.8 9.0 36.8 0.0 39.6 46.1 0.0 46.0
Incr Delay (d2), s/veh 0.1 1.1 0.2 0.2 0.4 0.1 1.3 0.0 18.8 0.5 0.0 0.4
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.1 6.4 0.7 1.0 3.4 0.3 3.9 0.0 7.6 0.4 0.0 0.3
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 14.4 19.6 14.9 13.1 11.3 9.0 38.1 0.0 58.4 46.6 0.0 46.4
LnGrp LOS B B B B B A D A E D A D
Approach Vol, veh/h 912 798 432 29
Approach Delay, s/veh 19.2 11.4 50.1 46.5
Approach LOS B B D D

Timer - Assigned Phs 1 2 4 6 8
Phs Duration (G+Y+Rc), s 11.1 52.9 11.4 64.0 24.5
Change Period (Y+Rc), s 5.5 6.0 7.0 6.0 6.0
Max Green Setting (Gmax), s 10.5 32.0 11.0 48.0 22.0
Max Q Clear Time (g_c+I1), s 4.7 18.5 3.0 11.7 17.8
Green Ext Time (p_c), s 0.0 4.7 0.0 4.7 0.8

Intersection Summary
HCM 6th Ctrl Delay 22.9
HCM 6th LOS C



Queues
1: Ebenezer Road/Driveway & Kingston Pike 05/23/2024

Full Buildout AM Peak  7:45 pm 03/19/2024 Synchro 11 Report
Page 1

Lane Group EBL EBT EBR WBL WBT WBR NBT NBR SBT SBR
Lane Group Flow (vph) 10 842 60 100 668 30 175 257 18 11
v/c Ratio 0.03 0.45 0.07 0.26 0.30 0.03 0.63 0.62 0.12 0.04
Control Delay 19.6 19.3 0.1 11.5 10.6 0.0 49.2 16.1 44.9 0.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 19.6 19.3 0.1 11.5 10.6 0.0 49.2 16.1 44.9 0.3
Queue Length 50th (ft) 3 195 0 26 108 0 107 31 11 0
Queue Length 95th (ft) 16 304 0 59 171 0 162 101 33 0
Internal Link Dist (ft) 551 715 608 380
Turn Bay Length (ft) 140 100 50 50
Base Capacity (vph) 392 1873 917 421 2247 1044 393 507 199 314
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.03 0.45 0.07 0.24 0.30 0.03 0.45 0.51 0.09 0.04

Intersection Summary



HCS Two-Way Stop-Control Report

General Information Site Information
Analyst Addie Kirkham Intersection Ebenezer Road at Apartment Driveway

Agency/Co. Ardurra Jurisdiction Knox County

Date Performed 4/13/2024 East/West Street Apartment Driveway

Analysis Year 2027 North/South Street Ebenezer Road

Time Analyzed Full Buildout AM Peak Peak Hour Factor 0.92

Intersection Orientation North-South Analysis Time Period (hrs) 0.25

Project Description 330.029 - Ebenezer Subdivision

Lanes

Major Street: North-South

Vehicle Volumes and Adjustments
Approach Eastbound Westbound Northbound Southbound

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

Priority 10 11 12 7 8 9 1U 1 2 3 4U 4 5 6

Number of Lanes 0 0 0 0 1 0 0 0 1 0 0 1 1 0

Configuration LR TR L T

Volume (veh/h) 32 75 343 9 21 142

Percent Heavy Vehicles (%) 2 2 2

Proportion Time Blocked

Percent Grade (%) 0

Right Turn Channelized

Median Type | Storage Undivided

Critical and Follow-up Headways
Base Critical Headway (sec) 7.1 6.2 4.1

Critical Headway (sec) 6.42 6.22 4.12

Base Follow-Up Headway (sec) 3.5 3.3 2.2

Follow-Up Headway (sec) 3.52 3.32 2.22

Delay, Queue Length, and Level of Service
Flow Rate, v (veh/h) 116 23

Capacity, c (veh/h) 593 1176

v/c Ratio 0.20 0.02

95% Queue Length, Q₉₅ (veh) 0.7 0.1

Control Delay (s/veh) 12.5 8.1 0.1

Level of Service (LOS) B A A

Approach Delay (s/veh) 12.5 1.2

Approach LOS B A

Copyright © 2024 University of Florida. All Rights Reserved. HCS™ TWSC Version 2023 Generated: 4/16/2024 12:29:43 PM
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HCS Two-Way Stop-Control Report

General Information Site Information
Analyst Addie Kirkham Intersection Ebenezer Road at Driveway

Agency/Co. Ardurra Jurisdiction Knox County

Date Performed 4/13/2024 East/West Street Subdivision Driveway

Analysis Year 2027 North/South Street Ebenezer Road

Time Analyzed Full Buildout AM Peak Peak Hour Factor 0.92

Intersection Orientation North-South Analysis Time Period (hrs) 0.25

Project Description 330.029 - Ebenezer Subdivision

Lanes

Major Street: North-South

Vehicle Volumes and Adjustments
Approach Eastbound Westbound Northbound Southbound

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

Priority 10 11 12 7 8 9 1U 1 2 3 4U 4 5 6

Number of Lanes 0 0 0 0 1 0 0 0 1 0 0 0 1 0

Configuration LR TR LT

Volume (veh/h) 19 43 309 7 15 159

Percent Heavy Vehicles (%) 2 2 2

Proportion Time Blocked

Percent Grade (%) 0

Right Turn Channelized

Median Type | Storage Undivided

Critical and Follow-up Headways
Base Critical Headway (sec) 7.1 6.2 4.1

Critical Headway (sec) 6.42 6.22 4.12

Base Follow-Up Headway (sec) 3.5 3.3 2.2

Follow-Up Headway (sec) 3.52 3.32 2.22

Delay, Queue Length, and Level of Service
Flow Rate, v (veh/h) 67 16

Capacity, c (veh/h) 621 1216

v/c Ratio 0.11 0.01

95% Queue Length, Q₉₅ (veh) 0.4 0.0

Control Delay (s/veh) 11.5 8.0 0.1

Level of Service (LOS) B A A

Approach Delay (s/veh) 11.5 0.8

Approach LOS B A

Copyright © 2024 University of Florida. All Rights Reserved. HCS™ TWSC Version 2023 Generated: 4/13/2024 4:49:05 PM
Full Buildout AM Peak_Ebenezer SD Driveway.xtw



HCM 6th Signalized Intersection Summary
1: Ebenezer Road/Driveway & Kingston Pike 05/23/2024

Full Buildout PM Peak  5:00 pm 03/19/2024 Synchro 11 Report
Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (veh/h) 20 1316 153 226 1042 42 138 26 194 107 63 18
Future Volume (veh/h) 20 1316 153 226 1042 42 138 26 194 107 63 18
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No No
Adj Sat Flow, veh/h/ln 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 21 1400 163 240 1109 45 147 28 206 114 67 19
Peak Hour Factor 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Percent Heavy Veh, % 2 2 2 2 2 2 2 2 2 2 2 2
Cap, veh/h 276 1706 761 269 2191 977 176 34 185 124 73 172
Arrive On Green 0.48 0.48 0.48 0.09 0.62 0.62 0.12 0.12 0.12 0.11 0.11 0.11
Sat Flow, veh/h 487 3554 1585 1781 3554 1585 1508 287 1585 1142 671 1585
Grp Volume(v), veh/h 21 1400 163 240 1109 45 175 0 206 181 0 19
Grp Sat Flow(s),veh/h/ln 487 1777 1585 1781 1777 1585 1795 0 1585 1813 0 1585
Q Serve(g_s), s 3.0 40.6 7.2 8.7 20.9 1.3 11.5 0.0 14.0 11.9 0.0 1.3
Cycle Q Clear(g_c), s 7.5 40.6 7.2 8.7 20.9 1.3 11.5 0.0 14.0 11.9 0.0 1.3
Prop In Lane 1.00 1.00 1.00 1.00 0.84 1.00 0.63 1.00
Lane Grp Cap(c), veh/h 276 1706 761 269 2191 977 209 0 185 196 0 172
V/C Ratio(X) 0.08 0.82 0.21 0.89 0.51 0.05 0.84 0.00 1.11 0.92 0.00 0.11
Avail Cap(c_a), veh/h 276 1706 761 411 2191 977 209 0 185 196 0 172
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 19.5 26.8 18.1 27.9 12.8 9.1 51.9 0.0 53.0 53.0 0.0 48.3
Incr Delay (d2), s/veh 0.5 4.6 0.6 10.8 0.8 0.1 24.4 0.0 100.1 42.0 0.0 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.4 17.0 2.6 4.1 7.7 0.5 6.6 0.0 10.7 7.7 0.0 0.5
Unsig. Movement Delay, s/veh
LnGrp Delay(d),s/veh 20.0 31.3 18.7 38.7 13.7 9.2 76.3 0.0 153.1 95.0 0.0 48.4
LnGrp LOS C C B D B A E A F F A D
Approach Vol, veh/h 1584 1394 381 200
Approach Delay, s/veh 29.9 17.8 117.8 90.6
Approach LOS C B F F

Timer - Assigned Phs 1 2 4 6 8
Phs Duration (G+Y+Rc), s 16.4 63.6 20.0 80.0 20.0
Change Period (Y+Rc), s 5.5 6.0 7.0 6.0 6.0
Max Green Setting (Gmax), s 20.5 48.0 13.0 74.0 14.0
Max Q Clear Time (g_c+I1), s 10.7 42.6 13.9 22.9 16.0
Green Ext Time (p_c), s 0.2 4.0 0.0 9.6 0.0

Intersection Summary
HCM 6th Ctrl Delay 38.0
HCM 6th LOS D



Queues
1: Ebenezer Road/Driveway & Kingston Pike 05/23/2024

Full Buildout PM Peak  5:00 pm 03/19/2024 Synchro 11 Report
Page 1

Lane Group EBL EBT EBR WBL WBT WBR NBT NBR SBT SBR
Lane Group Flow (vph) 21 1400 163 240 1109 45 175 206 181 19
v/c Ratio 0.10 0.88 0.21 0.84 0.51 0.04 0.86 0.68 0.93 0.07
Control Delay 23.2 39.1 5.9 54.0 13.7 0.1 88.0 29.3 101.5 0.4
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 23.2 39.1 5.9 54.0 13.7 0.1 88.0 29.3 101.5 0.4
Queue Length 50th (ft) 9 517 10 130 236 0 135 47 141 0
Queue Length 95th (ft) 29 #725 54 216 288 1 #259 131 #281 0
Internal Link Dist (ft) 551 715 608 380
Turn Bay Length (ft) 140 100 50 50
Base Capacity (vph) 214 1586 787 359 2192 1015 208 309 195 289
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.10 0.88 0.21 0.67 0.51 0.04 0.84 0.67 0.93 0.07

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.



HCS Two-Way Stop-Control Report

General Information Site Information
Analyst Addie Kirkham Intersection Ebenezer Road at Apartment Driveway

Agency/Co. Ardurra Jurisdiction Knox County

Date Performed 4/13/2024 East/West Street Apartment Driveway

Analysis Year 2027 North/South Street Ebenezer Road

Time Analyzed Full Buildout PM Peak Peak Hour Factor 0.92

Intersection Orientation North-South Analysis Time Period (hrs) 0.25

Project Description 330.029 - Ebenezer Subdivision

Lanes

Major Street: North-South

Vehicle Volumes and Adjustments
Approach Eastbound Westbound Northbound Southbound

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

Priority 10 11 12 7 8 9 1U 1 2 3 4U 4 5 6

Number of Lanes 0 0 0 0 1 0 0 0 1 0 0 1 1 0

Configuration LR TR L T

Volume (veh/h) 26 62 296 32 76 367

Percent Heavy Vehicles (%) 2 2 2

Proportion Time Blocked

Percent Grade (%) 0

Right Turn Channelized

Median Type | Storage Undivided

Critical and Follow-up Headways
Base Critical Headway (sec) 7.1 6.2 4.1

Critical Headway (sec) 6.42 6.22 4.12

Base Follow-Up Headway (sec) 3.5 3.3 2.2

Follow-Up Headway (sec) 3.52 3.32 2.22

Delay, Queue Length, and Level of Service
Flow Rate, v (veh/h) 96 83

Capacity, c (veh/h) 492 1202

v/c Ratio 0.19 0.07

95% Queue Length, Q₉₅ (veh) 0.7 0.2

Control Delay (s/veh) 14.1 8.2 0.4

Level of Service (LOS) B A A

Approach Delay (s/veh) 14.1 1.7

Approach LOS B A

Copyright © 2024 University of Florida. All Rights Reserved. HCS™ TWSC Version 2023 Generated: 4/16/2024 12:36:14 PM
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HCS Two-Way Stop-Control Report

General Information Site Information
Analyst Addie Kirkham Intersection Ebenezer Road at Driveway

Agency/Co. Ardurra Jurisdiction Knox County

Date Performed 4/13/2024 East/West Street Subdivision Driveway

Analysis Year 2027 North/South Street Ebenezer Road

Time Analyzed Full Buildout PM Peak Peak Hour Factor 0.92

Intersection Orientation North-South Analysis Time Period (hrs) 0.25

Project Description 330.029 - Ebenezer Subdivision

Lanes

Major Street: North-South

Vehicle Volumes and Adjustments
Approach Eastbound Westbound Northbound Southbound

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

Priority 10 11 12 7 8 9 1U 1 2 3 4U 4 5 6

Number of Lanes 0 0 0 0 1 0 0 0 1 0 0 0 1 0

Configuration LR TR LT

Volume (veh/h) 12 29 299 21 50 343

Percent Heavy Vehicles (%) 2 2 2

Proportion Time Blocked

Percent Grade (%) 0

Right Turn Channelized

Median Type | Storage Undivided

Critical and Follow-up Headways
Base Critical Headway (sec) 7.1 6.2 4.1

Critical Headway (sec) 6.42 6.22 4.12

Base Follow-Up Headway (sec) 3.5 3.3 2.2

Follow-Up Headway (sec) 3.52 3.32 2.22

Delay, Queue Length, and Level of Service
Flow Rate, v (veh/h) 45 54

Capacity, c (veh/h) 526 1211

v/c Ratio 0.08 0.04

95% Queue Length, Q₉₅ (veh) 0.3 0.1

Control Delay (s/veh) 12.5 8.1 0.5

Level of Service (LOS) B A A

Approach Delay (s/veh) 12.5 1.4

Approach LOS B A

Copyright © 2024 University of Florida. All Rights Reserved. HCS™ TWSC Version 2023 Generated: 4/13/2024 4:51:34 PM
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Attachment 9 
Turn Lane Warrants 

 
 
 



Project:  Ebenezer Road Subdivision

Ebenezer Road at Apartment Roadway
Ebenezer Road  
at Apartment Roadway

Opposing Thru LT LT MAX Warrant Met
AM 352 142 21 135 NO
PM 328 367 76 65 YES

Ebenezer Road  
at Apartment Roadway

Thru RT RT MAX Warrant Met
AM 343 9 299 NO
PM 296 32 349 NO

Ebenezer Road at Subdivision Roadway
Ebenezer Road  
at Subdivision Roadway

Opposing Thru LT LT MAX Warrant Met
AM 316 159 15 135 NO
PM 320 343 50 80 NO

Ebenezer Road
at Subdivision Roadway

Thru RT RT MAX Warrant Met
AM 309 7 299 NO
PM 299 21 349 NO

VOLUMES

RIGHT TURN

VOLUMES

LEFT TURN

VOLUMES

LEFT TURN

VOLUMES

RIGHT TURN
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76 LT
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Attachment 10 
Sight Distance 

 
 
 



 

Ebenezer Road at Subdivision Roadway – Looking Left (Southbound) 

 

Ebenezer Road at Subdivision Roadway – Looking Right (Northbound) 
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Date: May 28, 2024 
 
 
To: Knoxville-Knox County Planning  
 
Subject: Ebenezer Road Subdivision TIS Comments (6-SD-24-C/6-H-24-DP) 
 
Dear Knoxville-Knox County Planning staff, 
 
The following comment response document is submitted to address comments dated May 
22, 2024:  
 

1. Reviewer Comment: The TIS notes the northbound right turn (NB RT) lane of 
Ebenezer Road at Kingston Pike will exceed capacity after the development but 
does not recommend specific improvements to address this deficiency, citing 
constraints including guard rails, utility poles, and Ten Mile Creek.  The reviewing 
agencies understand the constraints that were cited however the TIS should still 
provide a recommendation for both the desirable and a “reasonably achievable” 
storage length for the NB RT at this intersection. In this case, reasonably achievable 
would mean the maximum distance that could be provided by widening the 
approach on the east side that would only involve movement of the utility pole(s), 
and some minor access work and without affecting the stream crossing.  Please 
revise the recommendations section with this information. 

 
Response:  Added the following recommendation for the northbound right turn lane 
to the report.  “The existing geometry of the northbound right turn lane is a 50-foot 
storage length and a 30-foot taper ending at the start of the existing commercial 
driveway.  In order to maximum storage capacity Ardurra recommends relocating 
the communication pole and widening the 80-foot length of Ebenezer Road 
between the stop bar and the commercial driveway to match the existing width of 
20 feet to allow additional vehicle stacking.” 
 

2. Reviewer Comment:  There were multiple items related to the Synchro outputs in 
Appendix that require additional information or clarification: 

 
a. Please provide the Synchro Timings sheet so that staff can verify if the signal 

timing splits are correctly assigned. 
 



Mr. Conger 
May 28, 2024 
Page 2 of 3 
 
 

Response:  Added Synchro Timing sheets to Attachment 5 Signal Timing for 
Existing Conditions AM and PM peak hours to verify signal timing splits.  

 
b. Vehicle extensions did not match for Phase 1 & Phase 4 for any of the 

AM/PM analyses for Existing, Background or Build-out conditions. Please 
revise or provide adequate justification for the values that were used.  

 
Response:  Updated the Vehicle Extension for Phase 1 & Phase 4 to match 
the provided signal timing sheet. 

 
c. It is preferred to report the intersection delay and LOS using the latest HCM 

(7th Edition) methodology as opposed to HCM 2000 which is what is 
indicated on the Synchro outputs. Please revise the analysis or provide 
adequate justification, e.g. if there is negligible difference in results between 
the two methodologies. 

 
Response:  Renamed Phase 3 NB to Phase 8 NB in order to print the 
Synchro 11 HCM (6th Edition) Reports.  

 
3. Reviewer Comments:  Other minor comments and typos that need to be corrected 

are as follows: 
a. On page 9, it discusses the measured width of Ebenezer being 24 feet but 

other sections reference 21 feet.  Please revise to provide consistent 
dimensions throughout the report. 

 
Response:  Revised to clarify that the measured width of 24 feet is south of 
the signalized intersection with Kingston Pike and the measured width of 21 
feet width is at the proposed subdivision roadway connection. 

 
b. On page 10, it should state the PHF is 0.97 instead of 97. 

 
Response:  Revised the AM PHF to 0.97.   

 
c. On page 14, paragraph 1 it states there are 275 apartment units but the trip 

generation summary on the same page shows 278, please revise. 
 

Response:  Revised to state 278 apartment units to match the trip generation 
summary.  

 
d. On the left turn lane warrant sheet in the appendix (page 78 of the PDF) it 

indicates that the PM peak LT amount is 80 whereas it appears as though 
this should instead be 50 per the volume shown on Figure 9, please revise 
as appropriate. 

 
Response: Updated the LT Warrant for the intersection of Ebenezer Road at 
Subdivision to show 50 left turns.  



Mr. Conger 
May 28, 2024 
Page 3 of 3 
 
 
Sincerely, 
 

 
       
Addie Kirkham, P.E.  




