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I. Introduction 
 

 
The purpose of this report is to provide an assessment of the traffic impacts resulting from the 
proposed development of the 9988 Redwood Avenue project, and to identify the traffic 
mitigation measures necessary to maintain the established Level of Service standard for the 
elements of the impacted roadway system.  The traffic issues related to the proposed land uses 
and development have been evaluated in the context of the California Environmental Quality Act. 
 
The County of San Bernardino is the lead agency responsible for preparation of the traffic impact 
analysis, in accordance with the California Environmental Quality Act authorizing legislation.  This 
report analyzes traffic impacts for the anticipated opening date with full occupancy of the 
development in Year 2017, at which time it will be generating trips at its full potential. 
 
Although this is a technical report, every effort has been made to write the report clearly and 
concisely.  To assist the reader with those terms unique to transportation engineering, a glossary 
of terms is provided in Appendix A. 
 
A. Project Description 

 
The proposed development is located north of Hunter Street and west of Redwood Avenue 
in the County of San Bernardino.  A vicinity map showing the project location is provided on 
Figure 1. 
 
The project site is proposed to be developed with 215,000 square feet of high-cube 
warehouse distribution center.  Access will be provided to Redwood Avenue.  Figure 2 
illustrates the project site plan. 
 

B. Study Area 
 
Regional access to the project site is provided by the I-10 Freeway.  Local access is provided 
by various roadways in the vicinity of the site.  The east-west roadways expected to provide 
local access include Rosemary Drive, Iris Drive, Hunter Street, and Valley Boulevard.  The 
north-south roadway expected to provide local access is Redwood Avenue. 
 
A series of scoping discussions were conducted with the County of San Bernardino to define 
the desired analysis locations for each future analysis year.  In addition, staff from the 
County of San Bernardino has also been contacted to discuss the project and its associated 
travel patterns. 
 
No analysis is required further than 5 miles from the project site.  The roadway elements 
that must be analyzed are dependent on both the analysis year [project Opening Year] and 
project generated traffic volumes.  The identification of the study area, and the 
intersections and highway segments requiring analysis, was based on an estimate of the 
two-way traffic volumes on the roadway segments near the project site.  All arterial 
segments have been included in the analysis when the anticipated project volume equals or 
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exceeds 50 two-way trips in the peak hours.  The requirement is 100 two-way peak hour 
trips for freeways. 
 
The project does not contribute trips greater than the freeway threshold volume of 100 
two-way peak hour trips.  The project does not contribute trips greater than the arterial link 
threshold volume of 50 two-way trips in the morning and evening peak hours in the 
adjacent City of Fontana. 
 

C. Analysis Methodology 
 
The analysis of the traffic impacts from the proposed development and the assessment of 
the required mitigation measures were based on an evaluation of the existing and forecast 
traffic conditions in the vicinity of the site with and without the project.  The following 
analysis years are considered in this report: 

 
■ Existing Conditions (2015) 
■ Existing Plus Project Conditions1 
■ Opening Year Conditions (2017) 

 
Existing intersection traffic conditions were established through morning and evening peak 
hour traffic counts obtained by Kunzman Associates, Inc. in January 2015 (see Appendix B).  
In addition, truck classification counts were conducted at the study area intersections.  The 
existing percent of trucks were used in the conversion of trucks to Passenger Car 
Equivalent’s. 
 
Project traffic volumes for all future projections were estimated using the manual approach.  
Trip generation has been estimated based on the Institute of Transportation Engineers, Trip 
Generation, 9th Edition, 2012 and the City of Fontana, Truck Trip Generation Study, August 
2003. 
 
The average daily traffic volume forecasts have been determined using the growth 
increment approach on the San Bernardino Transportation Analysis Model (SBTAM) Traffic 
Model Year 2008 and Year 2035 average daily traffic volume forecasts (see Appendix C).  
This difference defines the growth in traffic over the 35 year period.  The incremental 
growth in average daily traffic volume has been factored to reflect the forecast growth 
between Year 2015 and Year 2035.  For this purpose, linear growth between the Year 2008 
base condition and the forecast Year 2035 condition was assumed.  Since the increment 
between Year 2015 and Year 2035 is 20 years of the 35 year time frame, a factor of 0.57 
(i.e., 20/35) was used. 
 
The Buildout Year (2035) daily roadway segment volume forecasts have been determined 
using the growth increment approach on the SBTAM Traffic Model Year 2008 and Year 2035 
volumes.  The growth increment calculation worksheet is shown in Appendix C.  Being that 

                                            
1  The existing plus project conditions has been analyzed to comply with the Sunnyvale West Neighborhood Association 

v. City of Sunnyvale CEQA court case.  This scenario assumes the full development of the proposed project and full 
absorption of the proposed project trips on the circulation system at the present time.  This scenario is provided for 
informational purposes only, and will not be used for impact determinations or mitigation.   
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the SBTAM model only has traffic volumes for Valley Boulevard and does not have Redwood 
Avenue, Rosemary Drive, Iris Drive, or Hunter Street within its network, a growth rate was 
formulated for Opening Year (2017) traffic conditions.  The Existing and Opening Year 
(2017) average daily traffic volumes for Valley Boulevard were used to determine the 
growth rate.  The formula used is: (((2017 ADT - Existing ADT) / Existing ADT) / 2 years).  
Using the ADT data as shown In Appendix C, the annual growth rate is 2.14% (((19,500 - 
18,700) / 18700) / 2). 
 
Opening Year (2017) traffic volumes consist of Existing traffic volumes with an annual 
ambient growth rate of 2.14% applied over a two year period (1.0214^2 = 1.0428). 
 
The County of San Bernardino staff stated that there are no cumulative developments 
within the study area to be included in this analysis.  The City of Fontana provided a list of 
cumulative development in the study area.  Cumulative development has been added to 
Opening Year (2017) traffic conditions. 
 
Project traffic volumes were then added to the SBTAM Traffic Model traffic volumes.  
Quality control checks and forecast adjustments were performed as necessary to ensure 
that all future traffic volume forecasts reflect a minimum of 10% growth over existing traffic 
volumes for Buildout Year (2035) traffic volumes.  The Opening Year (2017) traffic volumes 
have been interpolated from the Buildout Year (2035) traffic volumes based upon a portion 
of the future growth increment.  The result of this traffic forecasting procedure is a series of 
traffic volumes suitable for traffic operations analysis. 
 
The technique used to assess the capacity needs of an intersection is known as the 
Intersection Delay Method (see Appendix C) based on the Highway Capacity Manual – 
Transportation Research Board Special Report 209.  To calculate delay, the volume of traffic 
using the intersection is compared with the capacity of the intersection.  It should be noted 
that the signalized intersections are considered deficient (Level of Service F) if the overall 
intersection critical volume to capacity ratio equals or exceeds 1.0, even if the level of 
service defined by the delay value is below the defined Level of Service standard.  The 
volume to capacity ratio is defined as the critical volumes divided by the intersection 
capacity.  A volume to capacity ratio greater than 1.0 implies that the traffic volume 
demand is greater than the capacity of the intersection and as a result traffic may begin to 
queue during the analyzed peak hour. 
 
The Level of Service analysis for signalized intersections has been performed using 
optimized signal timing.  This analysis has included an assumed lost time of two seconds per 
phase.  Signal timing optimization has considered pedestrian safety and signal coordination 
requirements.  Appropriate time for pedestrian crossings has also been considered in the 
signalized intersection analysis.  The following formula has been used to calculate the 
pedestrian minimum times for all Highway Capacity Manual runs: 
 

[(Curb to curb distance) / (3.5 feet/second)] + 7 seconds. 
 
For existing/existing plus project/Opening Year (2017) traffic conditions, saturation flow 
rates of 1,800 vehicles per hour of green for through and right turn lanes and 1,700 vehicles 
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per lane for single left turn lanes, 1,600 vehicles per lane for dual left turn lanes and 1,500 
vehicles per lane for triple left turn lanes have been assumed for the capacity analysis. 
 
The peak hour traffic volumes have been adjusted to peak 15 minute volumes for analysis 
purposes using the existing observed peak 15 minute to peak hour factors for all scenarios 
analyzed.  Where feasible improvements in accordance with the local jurisdiction’s General 
Plan and which result in acceptable operations cannot be identified. 
 

D. Definition of Deficiency and Significant Impact 
 
The following definitions of deficiencies and significant impacts have been developed in 
accordance with the County of San Bernardino requirements. 
 
1. Definition of Deficiency 

 
The definition of an intersection deficiency has been obtained from the County of San 
Bernardino General Plan.  The General Plan states that peak hour intersection 
operations of Level of Service D or better are generally acceptable.  Therefore, any 
intersection operating at Level of Service E or F will be considered deficient. 
 
The definition of an intersection deficiency has also been obtained from the City of 
Fontana General Plan.  The General Plan states that peak hour intersection operations 
of Level of Service D or better are generally acceptable.  Therefore, any intersection 
operating at Level of Service E to F will be considered deficient. 
 

2. Definition of Significant Impact 
 
The identification of significant impacts is a requirement of the California 
Environmental Quality Act.  The County of San Bernardino General Plan and Circulation 
Element have been adopted in accordance with California Environmental Quality Act 
requirements, and any roadway improvements within the County of San Bernardino 
that are consistent with these documents are not considered a significant impact, so 
long as the project contributes its “fair share” funding for improvements. 
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A traffic impact is considered significant if the project both: i) contributes measurable 
traffic to and ii) substantially and adversely changes the Level of Service at any off-site 
location projected to experience deficient operations under foreseeable cumulative 
conditions, where feasible improvements consistent with the County of San 
Bernardino General Plan cannot be constructed. 
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II. Existing Conditions 
 

 
A. Existing Roadway System 

 
Figure 3 identifies the existing conditions for study area roadways.  The number of through 
lanes for existing roadways and the existing intersection controls are identified. 
 
Regional access to the project site is provided by the I-10 Freeway.  Local access is provided 
by various roadways in the vicinity of the site.  The east-west roadways expected to provide 
local access include Rosemary Drive, Iris Drive, Hunter Street, and Valley Boulevard.  The 
north-south roadway expected to provide local access is Redwood Avenue. 
 

B. Existing Volumes 
 
Figure 4 depicts the existing average daily traffic volumes.  The existing average daily traffic 
volumes were obtained and factored from peak hour counts (see Appendix B) by Kunzman 
Associates, Inc. using the following formula for each intersection leg: 
 

PM Peak Hour (Approach + Exit Volume) x 11.5 = Daily Leg Volume. 
 
This is a conservative estimate and may over estimate the average daily traffic volumes. 
 
Existing intersection traffic conditions were established through morning and evening peak 
hour traffic counts obtained by Kunzman Associates, Inc. from January 2015 (see Appendix 
B) and shown on Figures 5 and 6, respectively.  Explicit peak hour factors have been 
calculated using the data collected for this effort as well.  The morning and evening peak 
hour traffic volumes were identified by counting the two-hour periods from 7:00 AM – 9:00 
AM and 4:00 PM – 6:00 PM. 
 
In addition, truck classification counts were conducted at the study area intersections.  The 
existing percent of trucks were used in the conversion of trucks to Passenger Car 
Equivalent’s (see Appendix B). 
 

C. Existing Level of Service 
 
The Existing delay and Level of Service for intersections in the vicinity of the project are 
shown in Table 1.  For Existing traffic conditions, the study area intersections currently 
operate within acceptable Levels of Service during the peak hours.  Existing delay 
worksheets are provided in Appendix D. 
 

D. Planned Transportation Improvements and Relationship to General Plan 
 
The County of San Bernardino General Plan Circulation Element is shown on Figure 7.  
Existing and future roadways are included in the Circulation Element of the General Plan 
and are graphically depicted on Figure 7.  This figure shows the nature and extent of arterial 
highways that are needed to adequately serve the ultimate development depicted by the 
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Land Use Element of the General Plan.  The County of San Bernardino General Plan roadway 
cross-sections are shown on Figure 8. 
 
The City of Fontana General Plan Circulation Element is shown on Figure 9.  Existing and 
future roadways are included in the Circulation Element of the General Plan and are 
graphically depicted on Figure 9.  This figure shows the nature and extent of arterial 
highways that are needed to adequately serve the ultimate development depicted by the 
Land Use Element of the General Plan.  The City of Fontana General Plan roadway cross-
sections are shown on Figure 10. 



Jurisdiction Control3 L T R L T R L T R L T R Morning Evening

Redwood Avenue (NS) at:
Rosemary Drive (EW) - #2 County of SB CSS 0 0.5 0.5 0.5 0.5 0 0 0 0 0.5 0 0.5 9.8-A 9.8-A
Iris Drive (EW) - #3 County of SB CSS 0 0.5 0.5 0.5 0.5 0 0 0 0 0.5 0 0.5 10.0-B 9.9-A
Hunter Street (EW) - #5 County of SB CSS 0.5 0.5 0 0 0.5 0.5 0.5 0 0.5 0 0 0 10.2-B 10.3-B
Valley Boulevard (EW) - #6 County of SB/City of Fontana TS 0.5 0.5 d 0.5 0.5 d 1 2 d 1 2 d 18.1-B 18.0-B

Table 1

Existing Intersection Delay and Level of Service

Intersection Approach Lanes1 Peak Hour
Delay-LOS2Northbound Southbound EastboundTraffic

Intersection
Westbound

1  When a right turn lane is designated, the lane can either be striped or unstriped.  To function as a right turn lane there must be sufficient width for right turning vehicles to travel outside the through lanes.

3  CSS = Cross Street Stop; TS = Traffic Signal

    are shown.

    shown for intersections with traffic signal or all way stop control.  For intersections with cross street stop control, the delay and level of service for the individual movement (or movements sharing a single lane)  

2  Delay and level of service has been calculated using the following analysis software: Traffix, Version 7.9.0215 (2008).  Per the Highway Capacity Manual, overall average intersection delay and level of service are 

    L = Left; T = Through; R = Right; d = De Facto Right Turn

 10
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III. Project Trips 
 

 
A. Project Description 

 
The project site is proposed to be developed with 215,000 square feet of high-cube 
warehouse distribution center.  The project will have access to Redwood Avenue.   
 

B. Trip Generation 
 
The trips generated by the project are determined by multiplying an appropriate trip 
generation rate by the quantity of land use.  Trip generation rates are predicated on the 
assumption that energy costs, the availability of roadway capacity, the availability of 
vehicles to drive, and life styles remain similar to what are known today.  A major change in 
these variables may affect trip generation rates. 
 
Trip generation rates were determined for daily trips, morning peak hour inbound and 
outbound trips, and evening peak hour inbound and outbound trips for the proposed land 
use.  By multiplying the trip generation rates by the land use quantity, the traffic volumes 
are determined.  Table 2 shows the project trip generation based upon rates obtained from 
the Institute of Transportation Engineers, Trip Generation, 9th Edition, and the City of 
Fontana, Truck Trip Generation Study, August 2003. 
 
As shown in Table 2, the proposed development is projected to generate approximately 474 
daily vehicle trips in Passenger Car Equivalent's, 32 of which will occur during the morning 
peak hour in Passenger Car Equivalent's and 34 of which will occur during the evening peak 
hour in Passenger Car Equivalent's. 
 

C. Trip Distribution 
 
Figures 11 to 13 contain the directional distribution of the project trips for the proposed 
land use.  To determine the trip distributions for the proposed project, peak hour traffic 
counts of the existing directional distribution of traffic for existing areas in the vicinity of the 
site and other additional information on future development and traffic impacts in the area 
were reviewed. 
 

D. Trip Assignment 
 
Based on the identified trip generation and distributions, project average daily traffic 
volumes have been calculated and shown on Figure 14.  Morning and evening peak hour 
intersection turning movement volumes expected from the project are shown on Figures 15 
and 16, respectively. 
 

E. Trip Contribution Test 
 
No analysis is required further than 5 miles from the project site.  The roadway elements 
that must be analyzed are dependent on both the analysis year [project Opening Year) and 
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project generated traffic volumes.  The identification of the study area, and the 
intersections and highway segments requiring analysis, was based on an estimate of the 
two-way traffic volumes on the roadway segments near the project site.  All arterial 
segments have been included in the analysis when the anticipated project volume equals or 
exceeds 50 two-way trips in the peak hours.  The requirement is 100 two-way peak hour 
trips for freeways.  Figure 17 graphically depicts the project trip contribution test volumes 
on all of the roadway segments adjacent to the potential intersection analysis locations 
until the project volume contribution has clearly dropped below the 50 trip threshold and 
100 trip threshold. 
 
The project does not contribute trips greater than the freeway threshold volume of 100 
two-way peak hour trips.  The project does not contribute trips greater than the arterial link 
threshold volume of 50 two-way trips in the morning and evening peak hours in the 
adjacent City of Fontana. 
 



Passenger 2 Axle 3 Axle 4+ Axle Total
Quantity Units2 Car Truck Truck Truck Trucks Total

Land Use: High Cube 215.000      TSF 79.57% 3.46% 4.64% 12.33% 20.43% 100%

Traffic Generation Rates
in trips per TSF

Daily 1.337 0.058 0.078 0.207 0.343 1.68

Morning Peak Hour 0.088 0.004 0.005 0.014 0.023 0.11
Evening Peak Hour 0.096 0.004 0.006 0.015 0.025 0.12

Traffic Generation in Vehicles

Daily 287           12              17              45              74              361           
Morning Peak Hour

Inbound 14              1                1                2                4                18              
Outbound 5                -            -            1                1                6                

Total 19              1                1                3                5                24              
Evening Peak Hour

Inbound 7                -            -            1                1                8                
Outbound 14              1                1                2                4                18              
Total 21              1                1                3                5                26              

Passenger Car Equivalent's
(PCE'S) Factor3 1.00 1.50 2.00 3.00

Traffic Generation in PCE's
Daily 287           18              34              135           187           474           
Morning Peak Hour

Inbound 14              2                2                6                10              24              
Outbound 5                -            -            3                3                8                
Total 19              2                2                9                13              32              

Evening Peak Hour
Inbound 7                -            -            3                3                10              
Outbound 14              2                2                6                10              24              
Total 21              2                2                9                13              34              

1  Source:  Institute of Transportation Engineers, Trip Generation, 9th Edition, 2012, Land Use Category 152 and City of Fontana, Truck Trip Generation Study,

    August 2003.

2  TSF = Thousand Square Feet

3  Passenger Car Equivalent factors are recommended by San Bernardino Associated Governments (SANBAG).

Table 2

Project Trip Generation1

Type of Vehicle

Descriptor

 21
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IV. Future Conditions 
 

 
A. Future Volumes 

 
As described within Section I.C., the Buildout Year (2035) average daily traffic volume 
forecasts with the project are developed using a growth increment process based on 
volumes predicted by the SBTAM Traffic Model Year 2008 and Year 2035 traffic models.  
The growth increment for Buildout Year (2035) on each roadway segment is the increase in 
SBTAM Traffic Model volumes from existing Year 2015 to Year 2035.  The final Buildout Year 
(2035) roadway segment volume used for analysis purposes is then determined by adding 
the Buildout Year (2035) growth increment volume to the existing counted volume. 
 
Being that the SBTAM traffic model only has traffic volumes for Valley Boulevard and does 
not have Redwood Avenue, Rosemary Drive, Iris Drive, or Hunter Street within its network, 
a growth rate was formulated for Opening Year (2017) traffic conditions.  The Existing and 
Opening Year (2017) average daily traffic volumes for Valley Boulevard were used to 
determine the growth rate.  The formula used is: (((2017 ADT - Existing ADT) / Existing ADT) 
/ 2 years).  Using the ADT data as shown In Appendix C, the annual growth rate is 2.14% 
(((19,500 - 18,700) / 18700) / 2). 
 
Opening Year (2017) traffic volumes consist of Existing traffic volumes with an annual 
ambient growth rate of 2.14% applied over a two year period (1.0214^2 = 1.0428). 
 
The County of San Bernardino staff stated that there are no cumulative developments 
within the study area to be included in this analysis.  The City of Fontana provided a list of 
cumulative development in the study area.  Cumulative development in the study area that 
are within the unincorporated County of San Bernardino and City of Fontana are shown in 
Figure 18.  Cumulative development has been added to Opening Year (2017) traffic 
conditions.  Table 3 shows the cumulative development daily and peak hour trip generation.  
Figure 19 shows the cumulative development average daily traffic volumes.  Cumulative 
development morning and evening peak hour intersection turning movement volumes are 
shown on Figures 20 and 21, respectively. 
 
1. Existing Plus Project 

 
The average daily traffic volumes for Existing Plus Project traffic conditions have been 
determined.  Existing Plus Project average daily traffic volumes are shown on Figure 
22. 
 

2. Opening Year (2017) With Ambient 
 
The average daily traffic volumes for Opening Year (2017) With Ambient traffic 
conditions have been determined as described above using the growth interpolation 
process (see Section I.C.).  Opening Year (2017) With Ambient average daily traffic 
volumes are shown on Figure 23. 
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3. Opening Year (2017) With Ambient and Project 
 
The average daily traffic volumes for Opening Year (2017) With Ambient and Project 
traffic conditions have been determined as described above using the volume addition 
process (see Section I.C.).  Opening Year (2017) With Ambient and Project average 
daily traffic volumes are shown on Figure 24. 
 

4. Opening Year (2017) With Ambient and Cumulative and Project 
 
The average daily traffic volumes for Opening Year (2017) With Ambient and 
Cumulative and Project traffic conditions have been determined as described above 
using the volume addition process (see Section I.C.).  Opening Year (2017) With 
Ambient and Cumulative and Project average daily traffic volumes are shown on Figure 
25. 
 

B. Future Level of Service 
 
1. Existing Plus Project  

 
The Existing Plus Project delay and Level of Service for the study area roadway 
network are shown in Table 4.  Table 4 shows delay values based on the geometrics at 
the study area intersections without and with improvements.  Existing Plus Project 
delay calculation worksheets are provided in Appendix D.  Existing Plus Project 
morning and evening peak hour intersection turning movement volumes are shown on 
Figures 26 and 27, respectively. 
 
For Existing Plus Project traffic conditions, the study area intersections are projected 
to operate within acceptable Levels of Service during the peak hours, with 
improvements. 
 

2. Opening Year (2017) With Ambient  
 
The Opening Year (2017) With Ambient delay and Level of Service for the study area 
roadway network are shown in Table 5.  Table 5 shows delay values based on the 
existing geometrics at the study area intersections.  Opening Year (2017) With 
Ambient delay calculation worksheets are provided in Appendix D.  Opening Year 
(2017) With Ambient morning and evening peak hour intersection turning movement 
volumes are shown on Figures 28 and 29, respectively. 
 
For Opening Year (2017) With Ambient traffic conditions, the study area intersections 
are projected to operate within acceptable Levels of Service during the peak hours. 
 

3. Opening Year (2017) With Ambient and Project 
 
The Opening Year (2017) With Ambient and Project delay and Level of Service for the 
study area roadway network are shown in Table 6.  Table 6 shows delay values based 
on the geometrics at the study area intersections without and with improvements.  
Opening Year (2017) With Ambient and Project delay calculation worksheets are 
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provided in Appendix D.  Opening Year (2017) With Ambient and Project morning and 
evening peak hour intersection turning movement volumes are shown on Figures 30 
and 31, respectively. 
 
For Opening Year (2017) With Ambient and Project traffic conditions, the study area 
intersections are projected to operate within acceptable Levels of Service during the 
peak hours, with improvements. 
 

4. Opening Year (2017) With Ambient and Cumulative and Project 
 
The Opening Year (2017) With Ambient and Cumulative and Project delay and Level of 
Service for the study area roadway network are shown in Table 7.  Table 7 shows delay 
values based on the geometrics at the study area intersections without and with 
improvements.  Opening Year (2017) With Ambient and Cumulative and Project delay 
calculation worksheets are provided in Appendix D.  Opening Year (2017) With 
Ambient and Cumulative and Project morning and evening peak hour intersection 
turning movement volumes are shown on Figures 32 and 33, respectively. 
 
For Opening Year (2017) With Ambient and Cumulative and Project traffic conditions, 
the study area intersections are projected to operate within acceptable Levels of 
Service during the peak hours, with improvements. 
 



Traffic
Analysis

Zone Inbound Outbound Total Inbound Outbound Total
1 ASP '13-43 Medical Office 5.306 TSF 10 3 13 5 14 19 192

Light Industrial - Cars 145.750 TSF 93 13 106 14 97 111 798
Light Industrial - Trucks 145.750 TSF 57 10 67 10 61 71 493
Light Industrial - Cars 322.750 TSF 205 28 233 30 216 246 1,768
Light Industrial - Trucks 322.750 TSF 127 16 143 21 133 154 1,088

ASP '13-24 Auto Repair Center 6.945 TSF 11 5 16 11 11 22 139
ASP '13-47 Donation Center 47.902 TSF 35 16 51 120 120 240 2,742

Total 538 91 629 211 652 863 7,220

3  Source:  Institute of Transportation Engineers, Trip Generation, 9th Edition, 2012, Land Use Categories 110, 720, 815, and 942.

                   City of Fontana, Truck Trip Generation Study, August 2003.

                   San Diego Association of Governments, Brief Guide of Vehicular Traffic Generation Rates for the San Diego Region, April 2002.

Other Development Trip Generation1

Daily
Evening

Table 3

2  TSF = Thousand Square Feet

1  Source:  City of Fontana Development List

Land Use Quantity Units2Name

2

Morning
Peak Hour

DRP '14-11

DRP '14-12
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Jurisdiction Control3 L T R L T R L T R L T R Morning Evening

Redwood Avenue (NS) at:
Project North Access (EW) - #1 County of SB CSS 0.5 0.5 0 0 0.5 0.5 0.5 0 0.5 0 0 0 9.0-A 9.2-A
Rosemary Drive (EW) - #2 County of SB CSS 0 0.5 0.5 0.5 0.5 0 0 0 0 0.5 0 0.5 9.9-A 9.9-A
Iris Drive (EW) - #3 County of SB CSS 0 0.5 0.5 0.5 0.5 0 0 0 0 0.5 0 0.5 10.2-B 10.0-A
Project South Access (EW) - #4 County of SB CSS 0.5 0.5 0 0 0.5 0.5 0 0 1 0 0 0 8.9-A 8.9-A
Hunter Street (EW) - #5 County of SB CSS 0.5 0.5 0 0 0.5 0.5 0.5 0 0.5 0 0 0 10.5-B 10.6-B
Valley Boulevard (EW) - #6 County of SB/City of Fontana TS 0.5 0.5 d 0.5 0.5 d 1 2 d 1 2 d 18.3-B 18.3-B

    L = Left; T = Through; R = Right; d = De Facto Right Turn; 1 = Improvement

2  Delay and level of service has been calculated using the following analysis software: Traffix, Version 7.9.0215 (2008).  Per the Highway Capacity Manual, overall average intersection delay and level of service are 

    shown for intersections with traffic signal or all way stop control.  For intersections with cross street stop control, the delay and level of service for the individual movement (or movements sharing a single lane)  

    are shown.

3  CSS = Cross Street Stop; TS = Traffic Signal

Table 4

Existing Plus Project Intersection Delay and Level of Service

Traffic
Intersection Approach Lanes1 Peak Hour

Northbound Southbound Eastbound Westbound Delay-LOS2

1  When a right turn lane is designated, the lane can either be striped or unstriped.  To function as a right turn lane there must be sufficient width for right turning vehicles to travel outside the through lanes.

Intersection
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Jurisdiction Control3 L T R L T R L T R L T R Morning Evening

Redwood Avenue (NS) at:
Rosemary Drive (EW) - #2 County of SB CSS 0 0.5 0.5 0.5 0.5 0 0 0 0 0.5 0 0.5 9.9-A 9.9-A
Iris Drive (EW) - #3 County of SB CSS 0 0.5 0.5 0.5 0.5 0 0 0 0 0.5 0 0.5 10.1-B 10.0-A
Hunter Street (EW) - #5 County of SB CSS 0.5 0.5 0 0 0.5 0.5 0.5 0 0.5 0 0 0 10.3-B 10.5-B
Valley Boulevard (EW) - #6 County of SB/City of Fontana TS 0.5 0.5 d 0.5 0.5 d 1 2 d 1 2 d 18.2-B 18.2-B

3  CSS = Cross Street Stop; TS = Traffic Signal

Delay-LOS2

1  When a right turn lane is designated, the lane can either be striped or unstriped.  To function as a right turn lane there must be sufficient width for right turning vehicles to travel outside the through lanes.

    L = Left; T = Through; R = Right; d = De Facto Right Turn

2  Delay and level of service has been calculated using the following analysis software: Traffix, Version 7.9.0215 (2008).  Per the Highway Capacity Manual, overall average intersection delay and level of service are 

    shown for intersections with traffic signal or all way stop control.  For intersections with cross street stop control, the delay and level of service for the individual movement (or movements sharing a single lane)  

    are shown.

Intersection

Table 5

Opening Year (2017) With Ambient Intersection Delay and Level of Service

Traffic
Intersection Approach Lanes1 Peak Hour

Northbound Southbound Eastbound Westbound
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Jurisdiction Control3 L T R L T R L T R L T R Morning Evening

Redwood Avenue (NS) at:
Project North Access (EW) - #1 County of SB CSS 0.5 0.5 0 0 0.5 0.5 0.5 0 0.5 0 0 0 9.1-A 9.2-A
Rosemary Drive (EW) - #2 County of SB CSS 0 0.5 0.5 0.5 0.5 0 0 0 0 0.5 0 0.5 10.0-A 9.9-A
Iris Drive (EW) - #3 County of SB CSS 0 0.5 0.5 0.5 0.5 0 0 0 0 0.5 0 0.5 10.3-B 10.1-B
Project South Access (EW) - #4 County of SB CSS 0.5 0.5 0 0 0.5 0.5 0 0 1 0 0 0 8.9-A 8.9-A
Hunter Street (EW) - #5 County of SB CSS 0.5 0.5 0 0 0.5 0.5 0.5 0 0.5 0 0 0 10.6-B 10.7-B
Valley Boulevard (EW) - #6 County of SB/City of Fontana TS 0.5 0.5 d 0.5 0.5 d 1 2 d 1 2 d 18.4-B 18.5-B

    shown for intersections with traffic signal or all way stop control.  For intersections with cross street stop control, the delay and level of service for the individual movement (or movements sharing a single lane)  

    are shown.

3  CSS = Cross Street Stop; TS = Traffic Signal

Eastbound Westbound Delay-LOS2

1  When a right turn lane is designated, the lane can either be striped or unstriped.  To function as a right turn lane there must be sufficient width for right turning vehicles to travel outside the through lanes.

    L = Left; T = Through; R = Right; d = De Facto Right Turn; 1 = Improvement

2  Delay and level of service has been calculated using the following analysis software: Traffix, Version 7.9.0215 (2008).  Per the Highway Capacity Manual, overall average intersection delay and level of service are 

Table 6

Opening Year (2017) With Ambient and Project Intersection Delay and Level of Service

Traffic
Intersection Approach Lanes1

Intersection

Peak Hour
Northbound Southbound
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Jurisdiction Control3 L T R L T R L T R L T R Morning Evening

Redwood Avenue (NS) at:
Project North Access (EW) - #1 County of SB CSS 0.5 0.5 0 0 0.5 0.5 0.5 0 0.5 0 0 0 9.1-A 9.2-A
Rosemary Drive (EW) - #2 County of SB CSS 0 0.5 0.5 0.5 0.5 0 0 0 0 0.5 0 0.5 10.0-A 9.9-A
Iris Drive (EW) - #3 County of SB CSS 0 0.5 0.5 0.5 0.5 0 0 0 0 0.5 0 0.5 10.3-B 10.1-B
Project South Access (EW) - #4 County of SB CSS 0.5 0.5 0 0 0.5 0.5 0 0 1 0 0 0 8.9-A 8.9-A
Hunter Street (EW) - #5 County of SB CSS 0.5 0.5 0 0 0.5 0.5 0.5 0 0.5 0 0 0 10.6-B 10.7-B
Valley Boulevard (EW) - #6 County of SB/City of Fontana TS 0.5 0.5 d 0.5 0.5 d 1 2 d 1 2 d 18.5-B 18.6-B

3  CSS = Cross Street Stop; TS = Traffic Signal

Delay-LOS2

1  When a right turn lane is designated, the lane can either be striped or unstriped.  To function as a right turn lane there must be sufficient width for right turning vehicles to travel outside the through lanes.

    L = Left; T = Through; R = Right; d = De Facto Right Turn; 1 = Improvement

2  Delay and level of service has been calculated using the following analysis software: Traffix, Version 7.9.0215 (2008).  Per the Highway Capacity Manual, overall average intersection delay and level of service are 

    shown for intersections with traffic signal or all way stop control.  For intersections with cross street stop control, the delay and level of service for the individual movement (or movements sharing a single lane)  

    are shown.

Table 7

Opening Year (2017) With Ambient and Cumulative and Project Intersection Delay and Level of Service

Intersection
Traffic

Intersection Approach Lanes1 Peak Hour
Northbound Southbound Eastbound Westbound
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V. Conclusions and Recommendations 
 

 
A. Summary 

 
The traffic issues related to the proposed land use and development have been evaluated in 
the context of the California Environmental Quality Act. 
 
The County of San Bernardino is the lead agency responsible for preparation of the traffic 
impact analysis, in accordance with the California Environmental Quality Act authorizing 
legislation.  This report analyzes traffic impacts for the anticipated opening date with full 
occupancy of the development in Year 2017, at which time it will be generating trips at its 
full potential. 
 
A series of scoping discussions were conducted with the County of San Bernardino to define 
the desired analysis locations for each future analysis year.  In addition, staff from the 
County of San Bernardino has also been contacted to discuss the project and its associated 
travel patterns. 
 
No analysis is required further than 5 miles from the project site.  The roadway elements 
that must be analyzed are dependent on both the analysis year (project Opening Year) and 
project generated traffic volumes.  The identification of the study area, and the 
intersections and highway segments requiring analysis, was based on an estimate of the 
two-way traffic volumes on the roadway segments near the project site.  All arterial 
segments have been included in the analysis when the anticipated project volume equals or 
exceeds 50 two-way trips in the peak hours.  The requirement is 100 two-way peak hour 
trips for freeways. 
 
The project does not contribute trips greater than the freeway threshold volume of 100 
two-way peak hour trips.  The project does not contribute trips greater than the arterial link 
threshold volume of 50 two-way trips in the morning and evening peak hours in the 
adjacent City of Fontana. 
 
The average daily traffic volume forecasts have been determined using the growth 
increment approach on the San Bernardino Transportation Analysis Model (SBTAM) traffic 
model Year 2008 and Year 2035 average daily traffic volume forecasts (see Appendix C).  
This difference defines the growth in traffic over the 35 year period.  The incremental 
growth in average daily traffic volume has been factored to reflect the forecast growth 
between Year 2015 and Year 2035.  For this purpose, linear growth between the Year 2008 
base condition and the forecast Year 2035 condition was assumed.  Since the increment 
between Year 2015 and Year 2035 is 20 years of the 35 year time frame, a factor of 0.57 
(i.e., 20/35) was used. 
 
The Buildout Year (2035) daily roadway segment volume forecasts have been determined 
using the growth increment approach on the SBTAM traffic model Year 2008 and Year 2035 
volumes.  The growth increment calculation worksheet is shown in Appendix C.  Being that 
the SBTAM model only has traffic volumes for Valley Boulevard and does not have Redwood 
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Avenue, Rosemary Drive, Iris Drive, or Hunter Street within its network, a growth rate was 
formulated for Opening Year (2017) traffic conditions.  The Existing and Opening Year 
(2017) average daily traffic volumes for Valley Boulevard were used to determine the 
growth rate.  The formula used is: (((2017 ADT - Existing ADT) / Existing ADT) / 2 years).  
Using the ADT data as shown In Appendix C, the annual growth rate is 2.14% (((19,500 - 
18,700) / 18700) / 2). 
 
Opening Year (2017) traffic volumes consist of Existing traffic volumes with an annual 
ambient growth rate of 2.14% applied over a two year period (1.0214^2 = 1.0428). 
 
The County of San Bernardino staff stated that there are no cumulative developments 
within the study area to be included in this analysis.  The City of Fontana provided a list of 
cumulative development in the study area.  Cumulative development has been added to 
Opening Year (2017) traffic conditions. 
 
Project traffic volumes were then added to the SBTAM traffic model traffic volumes.  
Quality control checks and forecast adjustments were performed as necessary to ensure 
that all future traffic volume forecasts reflect a minimum of 10% growth over existing traffic 
volumes for Buildout Year (2035) traffic volumes.  The Opening Year (2017) traffic volumes 
have been interpolated from the Buildout Year (2035) traffic volumes based upon a portion 
of the future growth increment.  The result of this traffic forecasting procedure is a series of 
traffic volumes suitable for traffic operations analysis. 
 

B. Existing Conditions 
 
Regional access to the project site is provided by the I-10 Freeway.  Local access is provided 
by various roadways in the vicinity of the site.  The east-west roadways expected to provide 
local access include Rosemary Drive, Iris Drive, Hunter Street, and Valley Boulevard.  The 
north-south roadway expected to provide local access is Redwood Avenue. 
 
For Existing traffic conditions, the study area intersections currently operate within 
acceptable Levels of Service during the peak hours. 
 

C. Project Trips 
 
Trip generation rates were determined for daily trips, morning peak hour inbound and 
outbound trips, and evening peak hour inbound and outbound trips for the proposed land 
use.  By multiplying the trip generation rates by the land use quantity, the traffic volumes 
are determined.  Table 2 shows the project trip generation based upon rates obtained from 
the Institute of Transportation Engineers, Trip Generation, 9th Edition, and the City of 
Fontana, Truck Trip Generation Study, August 2003. 
 
The proposed development is projected to generate approximately 474 daily vehicle trips in 
Passenger Car Equivalent's, 32 of which will occur during the morning peak hour in 
Passenger Car Equivalent's and 34 of which will occur during the evening peak hour in 
Passenger Car Equivalent's. 
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To determine the trip distributions for the proposed project, peak hour traffic counts of the 
existing directional distribution of traffic for existing areas in the vicinity of the site and 
other additional information on future development and traffic impacts in the area were 
reviewed. 
 

D. Future Conditions 
 
An Existing Plus Project and Opening Year (2017) analysis are included in this report.  The 
traffic operations analyses are summarized in Table 8. 
 
1. Existing Plus Project 

 
For Existing Plus Project traffic conditions, the study area intersections are projected 
to operate within acceptable Levels of Service during the peak hours, with 
improvements. 
 

2. Opening Year (2017) With Ambient 
 
For Opening Year (2017) With Ambient traffic conditions, the study area intersections 
are projected to operate within acceptable Levels of Service during the peak hours. 
 

3. Opening Year (2017) With Ambient and Project 
 
For Opening Year (2017) With Ambient and Project traffic conditions, the study area 
intersections are projected to operate within acceptable Levels of Service during the 
peak hours, with improvements. 
 

4. Opening Year (2017) With Ambient and Cumulative and Project 
 
For Opening Year (2017) With Ambient and Cumulative and Project traffic conditions, 
the study area intersections are projected to operate within acceptable Levels of 
Service during the peak hours, with improvements. 
 

E. Recommendations 
 
The recommendations in this section address on-site improvements, off-site improvements 
and the phasing of all necessary study area transportation improvements. 
 
1. On-Site Improvements 

 
On-site improvements and improvements adjacent to the site will be required in 
conjunction with the proposed development to ensure adequate circulation within the 
project itself (see Figure 34). 
 
Construct Redwood Avenue from the north project boundary to the south project 
boundary at its ultimate half-section width including landscaping and parkway 
improvements in conjunction with development, as necessary. 
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Sight distance at project accesses should be reviewed with respect to California 
Department of Transportation/County of San Bernardino standards in conjunction 
with the preparation of final grading, landscaping, and street improvement plans.  The 
final grading, landscaping, and street improvement plans shall demonstrate that sight 
distance standards are met.  Such plans must be reviewed by the County and approved 
as consistent with this measure prior to issue of grading permits. 
 
On-site traffic signing and striping should be implemented in conjunction with detailed 
construction plans for the project. 
 
The site should provide sufficient parking spaces to meet County of San Bernardino 
parking code requirements in order to service on-site parking demand. 
 

2. Off-Site Improvements 
 
As is the case for any roadway design, the County of San Bernardino should 
periodically review traffic operations in the vicinity of the project once the project is 
constructed to assure that the traffic operations are satisfactory. 
 



Jurisdiction Morning Evening Morning Evening Morning Evening Morning Evening Morning Evening

Redwood Avenue (NS) at:
Project North Access (EW) - #1 County of SB -- -- 9.0-A 9.2-A -- -- 9.1-A 9.2-A 9.1-A 9.2-A
Rosemary Drive (EW) - #2 County of SB 9.8-A 9.8-A 9.9-A 9.9-A 9.9-A 9.9-A 10.0-A 9.9-A 10.0-A 9.9-A
Iris Drive (EW) - #3 County of SB 10.0-B 9.9-A 10.2-B 10.0-A 10.1-B 10.0-A 10.3-B 10.1-B 10.3-B 10.1-B
Project South Access (EW) - #4 County of SB -- -- 8.9-A 8.9-A -- -- 8.9-A 8.9-A 8.9-A 8.9-A
Hunter Street (EW) - #5 County of SB 10.2-B 10.3-B 10.5-B 10.6-B 10.3-B 10.5-B 10.6-B 10.7-B 10.6-B 10.7-B
Valley Boulevard (EW) - #6 County of SB/City of Fontana 18.1-B 18.0-B 18.3-B 18.3-B 18.2-B 18.2-B 18.4-B 18.5-B 18.5-B 18.6-B

Intersection

Table 8

Intersection Delay and Level of Service Summary

Peak Hour Delay-LOS

Existing Existing Plus Project

Opening Year (2017)

With Ambient
With Ambient and 

Project

With Ambient and 
Cumulative and 

Project
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APPENDIX A 
 
 

Glossary of Transportation Terms 
 
 

 



 

GLOSSARY OF TRANSPORTATION TERMS 
 
COMMON ABBREVIATIONS 
 
AC:  Acres 
ADT:  Average Daily Traffic 
Caltrans:  California Department of Transportation 
DU:  Dwelling Unit 
ICU:  Intersection Capacity Utilization 
LOS:  Level of Service 
TSF:  Thousand Square Feet 
V/C:  Volume/Capacity 
VMT:  Vehicle Miles Traveled 
 
TERMS 
 
AVERAGE DAILY TRAFFIC: The  total volume during a year divided by  the number of 
days in a year.  Usually only weekdays are included. 
 
BANDWIDTH:   The number of seconds of green time available for through traffic  in a 
signal progression. 
 
BOTTLENECK:   A constriction along a  travelway  that  limits  the amount of  traffic  that 
can proceed downstream from its location. 
 
CAPACITY:  The maximum number of vehicles that can be reasonably expected to pass 
over a given section of a lane or a roadway in a given time period. 
 
CHANNELIZATION:  The separation or regulation of conflicting traffic movements into 
definite  paths  of  travel  by  the  use  of  pavement markings,  raised  islands,  or  other 
suitable means  to  facilitate  the  safe  and  orderly movements  of  both  vehicles  and 
pedestrians. 
 
CLEARANCE INTERVAL:  Nearly same as yellow time.  If there is an all red interval after 
the end of a yellow, then that is also added into the clearance interval. 
 
CORDON:   An  imaginary  line around an area across which vehicles, persons, or other 
items are counted (in and out). 
 
CYCLE LENGTH:  The time period in seconds required for one complete signal cycle. 
 
CUL‐DE‐SAC STREET:  A local street open at one end only, and with special provisions 
for turning around. 
 



 

DAILY CAPACITY:   The daily volume of  traffic  that will  result  in a volume during  the 
peak hour equal to the capacity of the roadway. 
 
DELAY:  The time consumed while traffic is impeded in its movement by some element 
over which it has no control, usually expressed in seconds per vehicle. 
 
DEMAND RESPONSIVE SIGNAL:  Same as traffic‐actuated signal. 
 
DENSITY:    The number of  vehicles occupying  in  a  unit  length of  the  through  traffic 
lanes of a roadway at any given instant.  Usually expressed in vehicles per mile. 
 
DETECTOR:   A device  that  responds  to a physical  stimulus and  transmits a  resulting 
impulse to the signal controller. 
 
DESIGN SPEED:  A speed selected for purposes of design.  Features of a highway, such 
as  curvature,  superelevation,  and  sight  distance  (upon which  the  safe  operation  of 
vehicles is dependent) are correlated to design speed. 
 
DIRECTIONAL SPLIT:  The percent of traffic in the peak direction at any point in time. 
 
DIVERSION:  The rerouting of peak hour traffic to avoid congestion. 
 
FORCED FLOW:  Opposite of free flow. 
 
FREE  FLOW:    Volumes  are well  below  capacity.    Vehicles  can maneuver  freely  and 
travel is unimpeded by other traffic. 
 
GAP:  Time or distance between successive vehicles in a traffic stream, rear bumper to 
front bumper. 
 
HEADWAY:   Time or distance spacing between successive vehicles  in a traffic stream, 
front bumper to front bumper. 
 
INTERCONNECTED SIGNAL SYSTEM:  A number of intersections that are connected to 
achieve signal progression. 
 
LEVEL OF SERVICE:  A qualitative measure of a number of factors, which include speed 
and  travel  time,  traffic  interruptions,  freedom  to maneuver,  safety,  driving  comfort 
and convenience, and operating costs. 
 
LOOP DETECTOR:   A  vehicle detector  consisting of  a  loop of wire embedded  in  the 
roadway,  energized  by  alternating  current  and  producing  an  output  circuit  closure 
when passed over by a vehicle. 
 



 

MINIMUM ACCEPTABLE GAP:  Smallest time headway between successive vehicles in 
a traffic stream into which another vehicle is willing and able to cross or merge. 
 
MULTI‐MODAL:   More  than  one mode;  such  as  automobile,  bus  transit,  rail  rapid 
transit, and bicycle transportation modes. 
 
OFFSET:    The  time  interval  in  seconds  between  the  beginning  of  green  at  one 
intersection and the beginning of green at an adjacent intersection. 
 
PLATOON:    A  closely  grouped  component  of  traffic  that  is  composed  of  several 
vehicles moving, or standing ready to move, with clear spaces ahead and behind. 
 
ORIGIN‐DESTINATION  SURVEY:   A  survey  to  determine  the  point  of  origin  and  the 
point of destination for a given vehicle trip. 
 
PASSENGER CAR EQUIVALENTS  (PCE):   One  car  is one Passenger Car Equivalent.   A 
truck  is equal  to 2 or 3 Passenger Car Equivalents  in  that a  truck  requires  longer  to 
start, goes slower, and accelerates slower.  Loaded trucks have a higher Passenger Car 
Equivalent than empty trucks. 
 
PEAK HOUR:  The 60 consecutive minutes with the highest number of vehicles. 
 
PRETIMED  SIGNAL:   A  type  of  traffic  signal  that  directs  traffic  to  stop  and  go  on  a 
predetermined  time  schedule without  regard  to  traffic  conditions.   Also,  fixed  time 
signal. 
 
PROGRESSION:  A term used to describe the progressive movement of traffic through 
several signalized intersections. 
 
SCREEN‐LINE:  An imaginary line or physical feature across which all trips are counted, 
normally to verify the validity of mathematical traffic models. 
 
SIGNAL CYCLE:   The  time period  in  seconds  required  for one  complete  sequence of 
signal indications. 
 
SIGNAL  PHASE:    The  part  of  the  signal  cycle  allocated  to  one  or  more  traffic 
movements. 
 
STARTING DELAY:  The delay experienced in initiating the movement of queued traffic 
from a stop to an average running speed through a signalized intersection. 
 
TRAFFIC‐ACTUATED SIGNAL:  A type of traffic signal that directs traffic to stop and go 
in accordance with the demands of traffic, as registered by the actuation of detectors. 



 

TRIP:    The movement  of  a  person  or  vehicle  from  one  location  (origin)  to  another 
(destination).  For example, from home to store to home is two trips, not one. 
 
TRIP‐END:  One end of a trip at either the origin or destination; i.e. each trip has two 
trip‐ends.   A  trip‐end occurs when a person, object, or message  is  transferred  to or 
from a vehicle. 
 
TRIP GENERATION RATE:  The quantity of trips produced and/or attracted by a specific 
land use stated in terms of units such as per dwelling, per acre, and per 1,000 square 
feet of floor space. 
 
TRUCK:   A vehicle having dual  tires on one or more axles, or having more  than  two 
axles. 
 
UNBALANCED FLOW:  Heavier traffic flow in one direction than the other.  On a daily 
basis, most  facilities  have  balanced  flow.    During  the  peak  hours,  flow  is  seldom 
balanced in an urban area. 
 
VEHICLE MILES  OF  TRAVEL:    A  measure  of  the  amount  of  usage  of  a  section  of 
highway, obtained by multiplying the average daily traffic by length of facility in miles. 
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Future Growth Increment Calculation Worksheets 
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EXPLANATION AND CALCULATION OF INTERSECTION 
LEVEL OF SERVICE USING DELAY METHODOLOGY 

 
 

The  levels  of  service  at  the  unsignalized  and  signalized  intersections  are  calculated 
using  the  delay methodology  in  the  Highway  Capacity Manual.    This methodology 
views  an  intersection  as  consisting of  several  lane  groups.   A  lane  group  is  a  set of 
lanes serving a movement.  If there are two northbound left turn lanes, then the lane 
group serving the northbound left turn movement has two lanes.  Similarly, there may 
be three lanes in the lane group serving the northbound through movement, one lane 
in the lane group serving the northbound right turn movement, and so forth.  It is also 
possible  for one  lane  to serve  two  lane groups.   A  shared  lane might  result  in  there 
being 1.5 lanes in the northbound left turn lane group and 2.5 lanes in the northbound 
through lane group. 
 
For each lane group, there is a capacity.  That capacity is calculated by multiplying the 
number of lanes in the lane group times a theoretical maximum lane capacity per lane 
time’s 12 adjustment factors. 
 
Each of the 12 adjustment factors has a value of approximately 1.00.  A value less than 
1.00 is generally assigned when a less than desirable condition occurs. 
 
The 12 adjustment factors are as follows: 
 

1.   Peak hour factor (to account for peaking within the peak hour) 
 
2.   Lane utilization factor (to account for not all lanes loading equally) 
 
3.   Lane width 
 
4.   Percent of heavy trucks 
 
5.   Approach grade 
 
6.   Parking 
 
7.   Bus stops at intersections 
 
8.   Area type (CBD or other) 
 
9.   Right turns 
 
10.   Left turns 



 

11.   Pedestrian activity 
 
12.   Signal progression 
 

The maximum  theoretical  lane  capacity  and  the 12  adjustment  factors  for  it  are  all 
unknowns for which approximate estimates have been recommended in the Highway 
Capacity Manual.    For  the most  part,  the  recommended  values  are  not  based  on 
statistical analysis but rather on educated estimates.  However, it is possible to use the 
delay method and get reasonable results as will be discussed below. 
 
Once the lane group volume is known and the lane group capacity is known, a volume 
to capacity ratio can be calculated for the lane group. 
 
With a volume to capacity ratio calculated, average delay per vehicle  in a  lane group 
can be estimated.   The average delay per vehicle  in a lane group is calculated using a 
complex  formula provided by  the Highway Capacity Manual, which can be simplified 
and described as follows: 
 
Delay per vehicle in a lane group is a function of the following: 
 

1.  Cycle length 
 
2.  Amount of red time faced by a lane group 
 
3.  Amount of yellow time for that lane group 
 
4.  The volume to capacity ratio of the lane group 

 
The  average  delay  per  vehicle  for  each  lane  group  is  calculated,  and  eventually  an 
overall  average  delay  for  all  vehicles  entering  the  intersection  is  calculated.    This 
average delay per vehicle is then used to judge Level of Service.  The Level of Services 
are defined in the table that follows this discussion. 
 
Experience has shown that when a maximum lane capacity of 1,900 vehicles per hour 
is used  (as  recommended  in  the Highway Capacity Manual),  little or no yellow  time 
penalty  is used,  and none of  the 12 penalty  factors  are  applied,  calculated delay  is 
realistic.  The delay calculation for instance assumes that yellow time is totally unused.  
Yet experience shows that most of the yellow time is used. 
 
An  idiosyncrasy  of  the  delay methodology  is  that  it  is  possible  to  add  traffic  to  an 
intersection and reduce the average total delay per vehicle.  If the average total delay 
is 30 seconds per vehicle for all vehicles traveling through an intersection, and traffic is 
added to a movement that has an average total delay of 15 seconds per vehicle, then 
the overall average total delay is reduced. 



 

The delay calculation for a lane group is based on a concept that the delay is a function 
of the amount of unused capacity available.   As the volume approaches capacity and 
there is no more unused capacity available, then the delay rapidly increases.  Delay is 
not  proportional  to  volume,  but  rather  increases  rapidly  as  the  unused  capacity 
approaches zero. 
 
Because delay is not linearly related to volumes, the delay does not reflect how close 
an  intersection  is to overloading.    If an  intersection  is operating at Level of Service C 
and has an average  total delay of 18 seconds per vehicle, you know very  little as  to 
what percent the traffic can increase before Level of Service E is reached. 
 



 

 

LEVEL OF SERVICE DESCRIPTION1 

 
 

Level 
Of 

Service 
 

Description 

Average Total Delay 
Per Vehicle (Seconds) 

Signalized Unsignalized
A 
 
 

Level  of  Service  A  occurs  when  progression  is 
extremely favorable and most vehicles arrive during 
the green phase.   Most vehicles do not  stop at all.  
Short cycle lengths may also contribute to low delay. 

0 to 10.00 0 to 10.00

B 
 

Level  of  Service  B  generally  occurs  with  good 
progression  and/or  short  cycle  lengths.    More 
vehicles  stop  than  for  Level  of  Service  A,  causing 
higher levels of average total delay. 

10.01 to 20.00  10.01 to 15.00

C 
 

Level of Service C generally results when there is fair 
progression and/or  longer cycle  lengths.    Individual 
cycle failures may begin to appear in this level.  The 
number  of  vehicles  stopping  is  significant  at  this 
level,  although  many  still  pass  through  the 
intersection without stopping. 

20.01 to 35.00  15.01 to 25.00

D 
 

Level  of  Service  D  generally  results  in  noticeable 
congestion.    Longer  delays may  result  from  some 
combination of unfavorable progression,  long cycle 
lengths,  or  high  volume  to  capacity  ratios.   Many 
vehicles  stop,  and  the  proportion  of  vehicles  not 
stopping  declines.    Individual  cycle  failures  are 
noticeable. 

35.01 to 55.00  25.01 to 35.00

E 
 

Level  of  Service  E  is  considered  to  be  the  limit  of 
acceptable delay.  These high delay values generally 
indicate  poor  progression,  long  cycle  lengths,  and 
high  volume  to  capacity  ratios.    Individual  cycle 
failures are frequent occurrences. 

55.01 to 80.00  35.01 to 50.00

F 
 

Level of Service F  is considered  to be unacceptable 
to most  drivers.    This  condition  often  occurs with 
oversaturation,  i.e., when arrival  flow  rates exceed 
the capacity of the intersection.  It may also occur at 
high  volume  to  capacity  ratios  below  1.00  with 
many individual cycle failures.  Poor progression and 
long  cycle  lengths may  also  be major  contributing 
causes to such delay levels. 

80.01 and up 50.01 and up

 
 
 
 
 
 
 
 
1  Source:  Highway Capacity Manual Special Report 209, Transportation Research Board, National Research Council, 
                 Washington, D.C., 2000. 
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Opening Year (2017) With Ambient 



















 

 

Opening Year (2017) With Ambient and Project



























 

   

Opening Year (2017) With Ambient and  Cumulative and Project 
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