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CHAPTER I 
INTRODUCTION 

 

This report summarizes the results of a Traffic Impact Study for the proposed 

Covered Bridge Village located in the southeast quadrant of the Luther Road (NY Route 

151) and Michael Road intersection in the Town of East Greenbush, Rensselaer County, 

New York.  The site is approximately 32.2 acres as shown in the aerial image below.  A 

copy of the concept master plan dated is included in Appendix A.  

 
A. Planned Project 

The proposed project includes the construction of 288 apartment units. Access to 

the site will be provided by a full access driveway located on Michael Road, approximately 

430 feet south of Community Way. It is expected that the project will be fully completed 

by 2020.   
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B. Study Area and Methodology 
The study area for this analysis includes: 

1. Troy Road (US Route 4)/ Luther Road (NY Route 151)/ Red Mill Road (NY 

Route 151) 

2. Luther Road (NY Route 151)/ Michael Road 

3. Michael Road/ Community Way 

4. Michael Rd/ Elliot Road 

 

The potential traffic impact of the proposed project was determined by 

documenting the existing traffic conditions in the area, projecting future traffic volumes, 

including adding traffic associated with other developments in the area, adding the peak 

hour trip generation of the site, and determining the operating conditions of the study area 

intersections after development of the proposed project. 
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CHAPTER II 
EXISTING CONDITIONS 

 

A. Roadways Serving the Site 
 Michael Road – Michael Road is a two-lane road that provides north-south 

travel between Luther Road and Elliot Road. Adjacent to the project site, 
Michael Road provides a single lane in each direction with lane widths varying 
between 10-12 feet wide and no pedestrian accommodations. The posted 
speed limit along Michael Road is 30 miles per hour (mph). Land uses along 
Michael Road include residential and unoccupied parcels.  

 
B. Study Area Intersections 

 Troy Road (US Route 4)/ Luther Road (NY Route 151)/ Red Miller Road (NY 
Route 151) – This is a four-leg roundabout with two lanes on each approach. 
There are marked crosswalks and pedestrian refuges on each approach. 
Sidewalks are present on all approaches but do not extend beyond the 
roundabout, except to the east along Luther Road towards Columbia High 
School. 
 

 Luther Road (NY Route 151)/ Michael Road – This is four leg intersection 
controlled by an actuated, uncoordinated traffic signal. The eastbound, 
westbound, and southbound approaches have a single lane for shared 
movements. The northbound lane has a shared left/through and an exclusive 
right turn lane with approximately 115 feet of storage. There are crosswalks 
and pedestrian signals on all four approaches. A sidewalk extends from Luther 
Road to Community Way on the west side of Michael Road, and east and west 
along Luther Road (north side). 

 
 Michael Road/ Community Way – This is a three leg unsignalized intersection 

with Community Way under a stop control condition and Michael Road in a free 
flow condition. Each approach has a single entering lane for shared 
movements. There are no marked crosswalks at the intersection. Sidewalks 
are present on the north side of Community Way and west side of Michael Road 
north of the intersection. 

 
 Michael Road/ Elliot Road – This is a three leg unsignalized intersection with 

Michael Road under a stop control condition and Elliot Road in a free flow 
condition. Each approach has a single entering lane for shared movements. 
There are no sidewalks, marked crosswalks, or pedestrian signals provided at 
the intersection. 
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C. Existing Conditions 
Intersection turning movement counts were conducted at Troy Road/Luther Road/ 

Red Mill Road intersection on March 10th, 2015. The remaining three intersections were 

counted on February 24th to February 26th, 2015.  The counts were conducted between 

6:30 to 8:30 a.m. and 3:00 to 6:00 p.m. to coincide with the arrival and dismissal of the 

nearby Columbia High School. Peak one hour traffic volumes were obtained from the 

traffic counts and traffic volumes were balanced along Michael Road between Luther 

Road and Community Way. These volumes represent the 2015 existing condition traffic 

volumes for the weekday AM and PM peak hours as shown on Figure 2.1 and form the 

basis for all traffic forecasts.  The raw turning movement count data is included in 

Appendix B.   

The following observations are evident based on the existing traffic volume data: 

 The weekday morning and evening peak hours varied from intersection to 
intersection.  

 
 The two-way traffic volume measured on Michael Road approximately 500 feet 

south of Community Way is approximately 75 vehicles during the AM peak hour 
and 105 vehicles during the PM peak hour.  The two-way traffic volume on 
Community Way is approximately 235 vehicles during the AM peak hour and 
535 vehicles during the PM peak hour.   

 

D. Transit 
A review of Capital District Transportation Authority (CDTA) transit service 

indicates there are no available bus routes within the project vicinity.  

 

E. Pedestrian/Bicycle Accommodations and Environment 
A review of pedestrian accommodations including sidewalks, marked crosswalks 

and pedestrian push buttons with indicators was included in the description of the project 

area intersections. Bicyclists are accommodated via the shoulders within the study area. 

It is noted that Luther Road (NY Route 151) is also designated as New York State Bicycle 

Route 5. 
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CHAPTER III 
TRAFFIC FORECASTS 

 

To evaluate the impact of the proposed project, traffic projections were prepared 

for 2020, the expected year of site development and operation.   

 

A. 2020 No-Build Traffic Volumes 
No-Build traffic volumes include a background growth rate as well as trips 

associated with other development projects in the study area.  Historical traffic volume 

data published by the New York State Department of Transportation (NYSDOT) indicates 

that traffic volume in the study area is generally increasing by approximately 0.5% to 1.0% 

per year. Thus, a growth rate of 1.0% per year was applied to the 2015 existing traffic 

volumes to provide a conservative approach and account for any additional future 

developments that may impact the 2020 background growth traffic volumes.   

In addition to general background traffic growth, vehicle trips associated with other 

significant developments in the project area were considered. Traffic associated with the 

following other development projects were provided by the Town of East Greenbush and 

included in the future traffic volume projections: 

• East Greenbush Tech Park (completion of Phase 1) – 100,000 SF of 

research and development space and office space on Tech Valley Drive 

• Deer Pond Estates – 60-unit Single Family Residential subdivision on Elliot 

Road 

• Regeneron – 187,000 SF of warehouse space located on Temple Lane 

• Amedore Senior Housing – 96 Senior Housing units located on Luther Road 

opposite Michael Drive 

• Hampton Inn & Suites – Glaz Street (open but completed after the traffic 

counts were collected) 

• Hotel – 76 Room Hotel located behind Cracker Barrel on US Rt. 4 

• Rysedorph Subdivision – 27-lot subdivision located on Olcott lane. 
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The background growth traffic volumes were added to the other developments 

resulting in the 2020 No-Build traffic volumes, illustrated on Figure 3.1.  These volumes 

represent future traffic conditions in the study area without construction of the proposed 

project. The potential full build out of East Greenbush Tech Park (Phase 2) and 

Regeneron is include in Chapter IV.B - Sensitivity Analysis.  

 

B. Trip Generation 
Trip generation determines the quantity of traffic expected to travel to/from the 

project site.  The Institute of Transportation Engineers (ITE) Trip Generation, 10th edition, 

provides trip generation data for various land uses based on studies of similar existing 

developments located across the country and is the industry standard for determining trip 

generation for proposed land uses.  Land Use Code 220 – Multifamily Housing (low-rise) 

was used to estimate the amount of traffic generated by the Cover Bridge Village project.  

As such the sites trip generation estimate is summarized in Table 3.1. 

 

Table 3.1 – Trip Generation Summary 

Land Use Size LUC 
AM Peak Hour PM Peak Hour 

Enter Exit Total Enter Exit Total 
Multifamily 
Housing (low-rise) 288-Units 220 30 102 132 101 60 161 

 

Table 3.1 shows that the proposed Covered Bridge Village is expected to generate 

approximately 132 new vehicle trips during the AM peak hour and 161 new vehicle trips 

during the PM peak hour. 

 

C. Trip Distribution 
Trip distribution describes where traffic originates or where traffic is destined.  

Traffic generated by the proposed project was distributed based on existing and observed 

travel patterns in the project area and probable travel routes for residents of the proposed 

development. Based on the existing regional travel patterns, it is expected that 

approximately 25 percent of residents will travel to and from the south on Michael Road 

with the remaining 75 percent of site-generated traffic will travel to and from the north on 
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Michael Road. Figure 3.2 illustrates the expected distribution of trips for the proposed 

project. 

 

D. Trip Assignment 
Trip assignment combines the results of the trip generation and trip distribution and 

determines the specific paths and roadways that will be used between various 

origin/destination pairs.  Figure 3.2 shows the resulting trip assignment for the proposed 

project for the weekday AM and PM peak hours.   

 

E. 2020 Build Traffic Volumes 
The results of the site generated traffic assignment were added to the 2020 No-

Build traffic volumes to develop the 2020 Build traffic volumes.  The 2020 Build traffic 

volumes are shown on Figure 3.3 and represent future traffic volume conditions after the 

project is fully completed. 
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CHAPTER IV 
ANALYSIS 

 

A. Capacity/Level of Service Analysis 
Intersection Level of Service (LOS) and capacity analysis relate traffic volumes to 

the physical characteristics of an intersection.  Intersection evaluations were made using 

Synchro 10 software which automates the procedures contained in the Highway Capacity 

Manual 6th Edition.  Evaluations were also completed using SIDRA software for the 

roundabout analysis. Levels of service range from A to F with LOS A conditions 

considered excellent with very little delay while LOS F generally represents conditions 

with very long delays. Further detailed information about levels of service criteria is 

included in Appendix C. Table 4.1 summarizes the results of the Level of Service 

calculations.  

 

Table 4.1 – Peak Hour Level of Service Summary 
Intersection 

C
on

tr
ol

 AM Peak Hour PM Peak Hour 

2015 
Existing 

2020 
No-Build 

2020 
Build 

2020 
Build 
w/Imp 

2015 
Existing 

2020 
No-Build 

2020 
Build 

2020 
Build 
w/Imp 

Red Mill Rd/ Luther Rd/ Troy 
Rd (Rt 4) 

RA         

Red Mill Rd  EB 
 

Luther Rd WB 
 

Troy Rd NB 
 

Troy Rd SB 

L 
TR 
LT 
R 
L 
TR 
L 
TR 

 B (13.5) 
A (8.8) 
B (14.0) 
B (11.8) 
B (15.3) 
A (9.5) 
B (14.4) 
A (7.7) 

B (13.4) 
A (8.5) 
B (16.6) 
B (13.0) 
B (14.7) 
A (9.4) 
B (14.7) 
A (7.8) 

B (13.4) 
A (8.2) 
B (17.0) 
B (13.2) 
B (14.9) 
A (9.8) 
B (14.7) 
A (7.9) 

 C (20.9) 
B (13.5) 
B (11.8) 
A (9.1) 
B (17.6) 
B (15.1) 
B (13.8) 
B (11.1) 

C (21.0) 
C (22.0) 
B (12.7) 
A (9.6) 
B (16.7) 
B (16.5) 
B (13.9) 
B (12.6) 

C (31.5) 
B (17.1) 
B (13.0) 
A (9.9) 
B (17.1) 
C (20.3) 
B (14.5) 
B (13.9) 

 

Overall  B (11.1) B (11.7) B (11.8)  B (13.5) B (15.2) B (16.9)  
Luther Rd/ Michael Rd S         

Luther Rd  EB 
Luther Rd WB 

Michael Rd NB 
 
 
 

Michael Rd SB 

LTR 
LTR 
LT 
R 
[L] 
[TR] 
LTR 

 A (5.0) 
A (5.7) 
A (9.8) 
B (11.0) 

-- 
-- 

A (9.2) 

A (5.3) 
A (6.2) 
B (10.8) 
B (11.3) 

-- 
-- 

B (10.2) 

A (6.7) 
A (7.7) 
B (11.4) 
B (10.9) 

-- 
-- 

B (10.0) 

A (6.7) 
A (7.8) 

-- 
-- 

B (11.7) 
B (10.9) 
B (10.0) 

A (6.7) 
A (4.4) 
B (11.0) 
B (10.4) 

-- 
-- 

A (9.6) 

A (7.4) 
A (4.4) 
B (12.9) 
B (11.9) 

-- 
-- 

B (11.3) 

C (26.2) 
B (12.3) 
D (43.2) 
B (15.9) 

-- 
-- 

B (18.6) 

B (17.5) 
A (8.9) 

-- 
-- 

B (18.6) 
B (15.2) 
B (14.2) 

Overall  A (6.1) A (6.7) A (8.1) A (8.2) A (7.1) A (8.0) C (25.8) B (15.9) 
Community Way/Michael Rd T

W         

Community Way  EB 
Michael Rd NB 

LR 
LT 

 A (9.7) 
A (7.4) 

A (9.9) 
A (7.4) 

B (10.8) 
A (7.5) 

 B (11.9) 
A (7.8) 

B (12.7) 
A (7.9) 

C (15.2) 
A (8.1) 

 

Elliot Rd/ Michael Rd T
W         

Elliot Rd  EB 
Michael Rd  SB 

LT 
LR 

 A (7.6) 
A (9.3) 

A (7.6) 
A (9.6) 

A (7.7) 
A (9.8) 

 A (7.4) 
A (9.0) 

A (7.4) 
A (9.8) 

A (7.5) 
B (10.0) 
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Michael Rd/ Site Driveway T
W         

Site Driveway  WB 
Michael Rd SB 

LR 
LT 

 --- 
--- 

--- 
--- 

A (9.6) 
A (7.5) 

 --- 
--- 

--- 
--- 

A (9.7) 
A (7.7) 

 

Key: S, TW, RA = Signalized, Two-Way Stop, Roundabout 
 EB, WB, NB, SB = Eastbound, Westbound, Northbound, or Southbound intersection approaches 
 L, T, R = Left-turn, Through, and/or Right-turn intersection movements 
 X (Y.Y) = Level of service (Average Delay in seconds per vehicle) 
 -- = Not Applicable 
 

The following observations are evident from the above analysis: 

• Red Mill Rd/Luther Rd/Troy Rd – The roundabout currently operates at LOS B 
during both peak hours with all approaches experiencing approximately 20 
seconds of delay or less. The intersection is expected to operate similarly 
through Build conditions with an overall increase in delay less than two 
seconds.  

 
• Luther Rd/Michael Rd – This intersection currently operates at LOS A during 

both peak hours with all approaches experiencing approximately 11 seconds 
of delay or less. During the AM peak hour, this intersection will operate at LOS 
A through Build conditions with an average increase in delay of approximately 
two seconds. During the PM peak hour, the intersection will continue to operate 
at LOS A through No-Build conditions. Under Build conditions, the intersection 
is expected to operate at overall LOS C with an average increase in delay of 
approximately 17 seconds. Minor signal timing adjustments as well as changing 
the northbound Michael Road approach lane configuration to provide an 
exclusive left turn lane and a shared through/right turn lane was considered in 
the Build with improvement condition, resulting in an overall LOS B with no 
approach experiencing more than 19 seconds of delay. 

 
• Michael Rd/Community Way – The northbound Michael Road approach 

currently operates at LOS A during both peak hours and will operate similarly 
through Build conditions with an average increase in delay less than one 
second. The eastbound Community Way approach currently operates at LOS 
A during the AM peak hour and LOS B during the PM peak hour. Under Build 
conditions, this approach will operate at LOS B during the AM peak hour with 
an average increase in delay less than one second. During the PM peak hour, 
this approach will operate at LOS C with an average increase in delay less than 
three seconds. No mitigation is considered necessary. 

 
• Elliot Rd/Michael Rd – The eastbound Elliot Road approach currently operates 

at LOS A during both peak hours and is expected to operate similarly through 
Build conditions with an average increase in delay less than one second. The 
southbound Michael Road approach currently operates at LOS A during both 
peak hours. Under Build conditions, this intersection will continue to operate at 
LOS A during the AM peak hour and LOS B during the PM peak hour with an 
average increase in delay of one second or less. No mitigation is considered 
necessary. 
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• Michael Rd/Site Driveway – After completion of the project, the site driveway is 

expected to operate at LOS A during both peak hours with average delays of 
approximately nine seconds. The southbound Michael Road approach will 
operate at LOS A with approximately seven seconds of delay. This intersection 
will operate adequately under stop sign conditions on the site driveway and free 
flow movements on Michael Road. 

 
B. Sensitivity Analysis 

A sensitivity analysis was conducted to determine the traffic impacts associated 

with additional traffic generated by full build out of the East Greenbush Tech Park (EGTP) 

and Regeneron. In this scenario, traffic associated with Phase 2 of the East Greenbush 

Tech Park and Regeneron were added to the No-Build analysis, resulting in the 2020 

Build with Regeneron/EG Tech Park and 2020 Build with Covered Bridge traffic volumes 

shown on Figure 4.1 and 4.2, respectively. It is noted that traffic from these projects is 

only expected to impact the Red Mill Road/Luther Road/Troy Road and Luther 

Road/Michael Road intersections. The resulting level of service and delays are described 

in Table 4.2 below.  

 

Table 4.2 – Sensitivity Level of Service Summary 
Intersection 

C
on

tr
ol

 AM Peak Hour PM Peak Hour 

2020 
No-Build 

Build w/ 
Regen/ 
EGTP 

Build w/ 
Covered 
Bridge 

 
Build 

w/Imp SA 
2020 

No-Build 
Build w/ 
Regen/ 
EGTP 

Build w/ 
Covered 
Bridge 

 
Build 

w/Imp SA 

Red Mill Rd/ Luther Rd/ Troy 
Rd (Rt 4) 

RA         

Red Mill Rd  EB 
 

Luther Rd WB 
 

Troy Rd NB 
 

Troy Rd SB 
 

L 
[L]TR 
LT 
R 
L[T] 
TR 
L[T] 
TR 

 B (13.4) 
A (8.5) 
B (16.6) 
B (13.0) 
B (14.7) 
A (9.4) 
B (14.7) 
A (7.8) 

B (14.0) 
B (10.3) 
B (15.7) 
B (12.1) 
A (10.0) 
A (8.6) 
B (12.2) 
A (8.7) 

B (14.2) 
A (9.5) 
B (16.7) 
B (12.8) 
B (10.3) 
A (9.0) 
B (12.7) 
A (8.8) 

 C (21.0) 
C (22.0) 
B (12.7) 
A (9.6) 
B (16.7) 
B (16.5) 
B (13.9) 
B (12.6) 

E (61.8) 
D (52.4) 
B (13.0) 
A (9.7) 
B (15.0) 
B (14.0) 
B (14.8) 
A (10.3) 

F (94.6) 
F (85.5) 
B (13.0) 
A (9.7) 
B (15.2) 
B (14.2) 
B (16.4) 
B (11.2) 

 

Overall  B (11.7) B (11.4) B (11.8)  B (15.2) C (22.3) C (30.1)  
Luther Rd/ Michael Rd S         

Luther Rd  EB 
Luther Rd WB 

Michael Rd NB 
 
 
 

Michael Rd SB 

LTR 
LTR 
LT 
R 
[L] 
[TR] 
LTR 

 A (5.3) 
A (6.2) 
B (10.8) 
B (11.3) 

-- 
-- 

B (10.2) 

A (5.0) 
A (6.4) 
B (11.8) 
B (12.4) 

-- 
-- 

B (11.2) 

A (6.3) 
A (8.0) 
B (12.8) 
B (12.2) 

-- 
-- 

B (11.3) 

A (6.5) 
A (8.2) 

-- 
-- 

B (13.2) 
B (12.2) 
B (11.3) 

A (7.4) 
A (4.4) 
B (12.9) 
B (11.9) 

-- 
-- 

B (11.3) 

A (7.7) 
A (4.3) 
B (14.0) 
B (12.9) 

-- 
-- 

B (12.2) 

C (28.4) 
B (11.8) 
E (66.6) 
B (18.2) 

-- 
-- 

C (20.8) 

A (9.7) 
A (5.1) 

-- 
-- 

B (17.2) 
B (14.7) 
B (14.0) 

Overall  A (6.7) A (6.8) A (8.4) A (8.6) A (8.0) A (8.3) C (30.8) B (10.3) 
Key: S, TW, RA = Signalized, Two-Way Stop, Roundabout 
 EB, WB, NB, SB = Eastbound, Westbound, Northbound, or Southbound intersection approaches 
 L, T, R = Left-turn, Through, and/or Right-turn intersection movements 
 X (Y.Y) = Level of service (Average Delay in seconds per vehicle) 
 -- = Not Applicable 
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The following summarizes the findings of the Sensitivity Analysis with and without 

full build out of the East Greenbush Tech Park and Regeneron: 

• Red Mill Rd/Luther Rd/Troy Rd – The roundabout will operate at LOS B during 
the AM peak hour under No-Build conditions and will continue to operate 
similarly through Build conditions. During the PM peak hour, the roundabout 
will operate at LOS B under No-Build conditions and is expected to degrade to 
LOS C during the Build conditions with the addition of the full build out of 
Regeneron and EGTP. Degradations in the eastbound approach are expected 
and will continue through the Build conditions for the PM peak hour. These 
conditions include the expected improvements of modifying the roundabout to 
include two through lanes on the northbound and southbound Route 4 
approaches, and modifying the eastbound approach to provide for an exclusive 
left and shared left/through/right lanes. Although delays are expected to 
increase on the eastbound approach, we expect these conditions to be limited 
to the peak afternoon period. Further, if drivers find the delay excessive, some 
shift in travel routes might occur, thereby self-regulating the condition.  

 
• Luther Rd/Michael Rd – This intersection will operate at LOS A during the AM 

peak hour through the Build conditions. During the PM peak hour, this 
intersection will operate at LOS B overall with Regeneron and EGTP if the 
improvements identified previously are completed (signal timing adjustments 
and lane configuration changes).  
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CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 

 
A Traffic Impact Study was completed for the proposed Covered Bridge Village 

located in the southeast quadrant of the Luther Road (NY Route 151)/Michael Road 

intersection.  The project is expected to be completed and occupied in 2020.  Based on 

the traffic analysis contained herein, the following conclusions and recommendations are 

offered: 

1) The development of the residential site is expected to generate 132 new vehicle trips 
during the AM peak hour, and 161 new vehicle trips during the PM peak hour. 

 
2) The analysis indicates the following impacts, assuming that the Covered Bridge 

Village project is completed before the East Greenbush Tech Park and Regeneron 
are fully constructed: 

 
a) Red Mill Road/Luther Road/Troy Road (Rt 4) – This intersection will continue to 

operate at acceptable levels of service through the completion of the project. No 
improvements are suggested. 

b) Luther Road/Michael Road – During the AM peak hour, this intersection will 
continue to operate at acceptable levels of service through the completion. During 
the PM peak hour, the northbound and eastbound approaches will experience 
moderate increases in delay. Changes to the signal timings and northbound lane 
assignments are recommended. 

c) Community Way/Michael Road – This intersection will continue to operate at 
acceptable levels of service through the completion of the project. No 
improvements are suggested. 

d) Elliot Road/Michael Way – This intersection will continue to operate at acceptable 
levels of service through the completion of the project. No improvements are 
suggested. 

 
3) The sensitivity analysis conducted for completion of the East Greenbush Tech Park 

and Regeneron indicates the following impacts: 
 

a) Red Mill Road/Luther Road/Troy Road – As expected, the eastbound approach 
will experience an increase in delay because of other developments, and to a 
lesser extent, the Covered Bridge Village project. The improvements originally 
proposed as part of Temple Farm project will help reduce the delay increases, but 
the eastbound approach is expected to operate at LOS D under No-Build 
conditions and LOS E under Build conditions. This condition will be limited to the 
PM peak hour and will be self-regulating, as drivers will use other routes if the 
delay is excessive. 

b) Luther Road (NY Route 151)/Michael Road – There is little or no change in 
operations during the AM peak hour. Delays experienced on the northbound and 
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eastbound approaches during the PM peak hour will be mitigated through signal 
timing changes and reassignment of the northbound lanes. 
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LOS Definitions 

The following is an excerpt from the 2010 Highway Capacity Manual (HCM). 
 
Level of Service for Signalized Intersections 

Level of Service (LOS) can be characterized for the entire intersection, each intersection approach, and each lane 
group. Control delay alone is used to characterize LOS for the entire intersection or an approach. Control delay and 
volume-to-capacity (v/c) ratio are used to characterize LOS for a lane group. Delay quantifies the increase in travel 
time due to traffic signal control. It is also a surrogate measure of driver discomfort and fuel consumption. The v/c 
ratio quantifies the degree to which a phase's capacity is utilized by a lane group. The following paragraphs describe 
each LOS. 
 
LOS A describes operations with a control delay of 10 s/veh or less and a v/c ratio no greater than 1.0. This level is 
typically assigned when the v/c ratio is low and either progression is exceptionally favorable or the cycle length is 
very short. If it is due to favorable progression, most vehicles arrive during the green indication and travel through 
the intersection without stopping. 
 
LOS B describes operations with control delay between 10 and 20 s/veh and a v/c ratio no greater than 1.0. This 
level is typically assigned when the v/c ratio is low and either progression is highly favorable or the cycle length is 
short. More vehicles stop than with LOS A. 
 
LOS C describes operations with control delay between 20 and 35 s/veh and a v/c ratio no greater than 1.0. This level 
is typically assigned when progression is favorable or the cycle length is moderate. Individual cycle failures (i.e., one 
or more queued vehicles are not able to depart as a result of insufficient capacity during the cycle) may begin to 
appear at this level. The number of vehicles stopping is significant, although many vehicles still pass through the 
intersection without stopping. 
 
LOS D describes operations with control delay between 35 and 55 s/veh and a v/c ratio no greater than 1.0. This 
level is typically assigned when the v/c ratio is high and either progression is ineffective or the cycle length is long. 
Many vehicles stop and individual cycle failures are noticeable.  
 
LOS E describes operations with control delay between 55 and 80 s/veh and a v/c ratio no greater than 1.0. This level 
is typically assigned when the v/c ratio is high, progression is unfavorable, and the cycle length is long. Individual 
cycle failures are frequent.  
 
LOS F describes operations with control delay exceeding 80 s/veh or a v/c ratio greater than 1.0. This level is typically 
assigned when the v/c ratio is very high, progression is very poor, and the cycle length is long. Most cycles fail to 
clear the queue.  
 
A lane group can incur a delay less than 80 s/veh when the v/c ratio exceeds 1.0. This condition typically occurs when 
the cycle length is short, the signal progression is favorable, or both. As a result, both the delay and v/c ratio are 
considered when lane group LOS is established. A ratio of 1.0 or more indicates that cycle capacity is fully utilized 
and represents failure from a capacity perspective (just as delay in excess of 80 s/veh represents failure from a delay 
perspective).  

 
Average control delay and queue length at roundabout controlled intersections are calculated using SIDRA 
Intersection. The physical geometry such as entry lane width and approach flare, and traffic volume at the 
roundabout are factors that influence the intersection’s performance. The average delay reported using SIDRA 
Intersection is based on the signalized HCM Method of Delay for Level-of-Service. 
 



Level of Service Criteria for Unsignalized Intersections 

Level of service (LOS) for Two-Way Stop-Controlled (TWSC) intersections is determined by the computed or 
measured control delay. For motor vehicles, LOS is determined for each minor-street movement (or shared 
movement) as well as major-street left turns by using criteria given in Exhibit 19-1. LOS is not defined for the 
intersection as a whole or for major-street approaches for three primary reasons: (a) major-street through vehicles 
are assumed to experience zero delay; (b) the disproportionate number of major-street through vehicles at a typical 
TWSC intersection skews the weighted average of all movements, resulting in a very low overall average delay for 
all vehicles; and (c) the resulting low delay can mask important LOS deficiencies for minor movements. LOS F is 
assigned to the movement if the volume-to-capacity (v/c) ratio for the movement exceeds 1.0, regardless of the 
control delay.  
 
The LOS criteria for TWSC intersections are somewhat different from the criteria used in Chapter 18 for signalized 
intersections, primarily because user perceptions differ among transportation facility types. The expectation is that 
a signalized intersection is designed to carry higher traffic volumes and will present greater delay than an 
unsignalized intersection. Unsignalized intersections are also associated with more uncertainty for users, as delays 
are less predictable than they are at signals, which can reduce users' delay tolerance. 
 
The LOS criteria for All-Way Stop-Controlled (AWSC) intersections are given in Exhibit 20-2. LOS F is assigned if the 
v/c ratio of a lane exceeds 1.0, regardless of the control delay. For assessment of LOS at the approach and 
intersection levels, LOS is based solely on control delay. 
 

Exhibits 19-1/20-2: 
Level-of-Service Criteria for Stop Controlled Intersections 

Control Delay (s/veh) 
LOS by Volume-to-Capacity Ratio 

v/c < 1.0 v/c > 1.0 

10.0 A F 
>10.0 and < 15.0 B F 
>15.0 and < 25.0 C F 
>25.0 and < 35.0 D F 
>35.0 and < 50.0 E F 

>50.0 F F 
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