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EXECUTIVE SUMMARY

This report documents a master traffic impact analysis performed for the Sunshine
Industrial Park development located on the northeast corner of Interstate 10 (I-10) and
Sunshine Boulevard in Eloy, Arizona. Encompassing approximately 277 acres, the
parcel is expected to be developed into industrial, warehousing and commercial land
use. CivTech Inc. has been retained by Walton Development and Management (USA),
Inc. to perform the traffic impact analysis for the proposed Sunshine Industrial Park
development. ‘

The purpose of this analysis is to address the traffic and transportation impacts of the
proposed development on the surrounding streets and intersections. This traffic impact
study was prepared in accordance with the City of Eloy Traffic Impact Analysis
guidelines. The specific objectives of this assessment are:

1. To evaluate lane requirements on all existing roadways and at all existing
intersections within the study area.

2. To determine future level of service for all existing intersections within the study
area and recommend any capacity related improvements.

3. To determine necessary lane configurations at all new driveways within the
proposed development to provide acceptable future levels of service.

4. To evaluate the need for future traffic control changes within the proposed study
area.

5. To evaluate the need for deceleration lanes into/for the proposed site accesses.

6. To determine ultimate roadway classifications and right-of-way requirements for
the future roadway public improvements.

Access to the Sunshine Industrial Park development could be obtained from Sunshine
Boulevard and Date Street. In addition, an internal Loop Collector is planned to provide
direct access to the industrial/warehousing areas. The parcels located near the Union
Pacific Railroad could be rail served.

The Traffic Impact Analysis (TIA) was completed in accordance with the requirements of
the City of Eloy. Based on directions from City staff, Eloy defers to the requirements of
the Maricopa County Department of Transportation (MCDOT) study guidelines. The
proposed Sunshine Industrial Park development is anticipated to generate more than
1,000 and less than 1,500 peak hour trips, which places the development into a
Category lll. However, this study is being provided as a Master document to guide
future development access and provide recommendations for right-of-way needs
adjacent to the site. Therefore, the scope of this study was revised to include all
major/main site accesses and adjacent major intersections within one (1) mile of the
proposed site. Also both the AM and PM peak hours for the existing year and opening
plus twenty (20) years were analyzed. Per conversations and meetings with Mr. John
Mitchell at the City of Eloy, CivTech has been required to perform a large master study
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for the Sunshine Industrial Park which will include the National Gypsum Corporation
area adjacent to the proposed site. CivTech has also been advised to analyze only the
existing year and opening plus twenty (20) years based on a meeting held on July 12,
2010 with the City of Eloy.

The following conclusions and recommendations have been documented in this study:

.

All existing study intersections are expected to operate with an overall passing level
of service (LOS A) under existing conditions.

The proposed development is expected to generate 13,167 total daily trips, with 826
occurring in the AM peak hour and 1,140 occurring in the PM peak hour.

The recommendations provided herein relate to the overall master development and
the required improvements at full buildout. In order to facilitate the interim
improvements required to allow for acceptable traffic operations, an updated
analysis should be prepared for each phase of development to ensure that off-site
improvements are adequately recommended and constructed.

The new Sunshine Boulevard traffic interchange improvements as recommended in
the I-10 Corridor Study: Junction I-8 to Tangerine Road are anticipated be in place
and fully constructed by horizon year 2030.

A 50-foot strip of land adjacent to I-10 located on the proposed Sunshine Industrial
Park site will remain undeveloped. This land will be reserved for future right-of-way
purchase should it be required for the 1-10 widening project.

The City of Eloy 2010 Small Area Transportation Study (SATS) indicates that
Sunshine Road is considered to be a regionally significant route (RSR) in the future
even with the anticipated additional widening of 1-10. As such, Sunshine Boulevard
is programmed as a six-lane major arterial street within a 150-foot right-of-way.

All collector streets shown within the Sunshine Industrial Park shall be commercial
collectors containing 80-feet of right-of-way per the City of Eloy SATS.

The National Gypsum Corporation (“National Gypsum”) has planned for a facility
located just north of the Sunshine Industrial Park. A Traffic Impact Study was
approved for National Gypsum by the City of Eloy and the ultimate Date Street
paving has been constructed for Date Street between Sunshine Boulevard and the
National Gypsum site. Excerpts from the National Gypsum TIA have been provided
in Appendix E.

This master study was prepared as a guiding document for the future Sunshine
Industrial Park development as part of the zoning process. Since site specific
developments have not been shown, and the timing of site specific development is
unknown, exact access locations have not been provided for review or approval.
Future access along Date Street, Sunshine Boulevard and the Loop Road should
generally follow the guidance provided by the RSR Access Management
Requirements and the City of Eloy SATS.

Interparcel connectivity between commercial developments would significantly
enhance the circulation within and surrounding the Sunshine Industrial Park. The
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City may require joint/assembled driveways to support their interest of preserving
safety along with balancing the access locations in comparison to the through traffic
along the adjacent roadways.

Horizon Year 2030

¢ By horizon year 2030, all study intersections are expected to operate with an
acceptable level of service (LOS C or better) under the proposed lane configurations
shown in Figure 9.

+ The intersection of Sunshine Boulevard and Alsdorf Road experiences a poor/failing
level of service in the eastbound direction during the peak hours due to the expected
regional growth within the area, thus increasing the north-south through traffic along
Sunshine Boulevard. Poor levels of service during peak hours are not uncommon on
side street approaches to major arterial roadways. The expected increase in traffic
volumes along Sunshine Boulevard would decrease the number of acceptable gaps
in traffic for eastbound left-turns. This increases delay to these eastbound
movements resulting in a poor LOS during peak hours; however it is expected that
these movements will operate at an acceptable LOS during non-peak hours.
Furthermore, the Traffix software utilized for this analysis does not account for gaps
in traffic due to near-by signalization. Although the PM peak hour experiences a
failing LOS in the eastbound approach both delay and peak hour signal warrants are
not meet. Also, due to the close proximity of the Union Pacific Railroad located
approximately 80-feet north of Alsdorf Road a signal is not recommended.

¢ The intersection of Sunshine Boulevard and Date Street experience a poor
westbound approach LOS during the AM peak hour due to the need for more green
time north/south. With an increase in westbound site traffic during the AM peak hour
more green time is needed for the westbound left-turns onto Sunshine Boulevard.
This evaluation does not assume the Sunshine Boulevard has been constructed to
its ultimate six-lane condition but instead a more conservative evaluation of
Sunshine Boulevard in its existing condition. Traffic signalization will be requited at
Sunshine Boulevard/SR-84, Sunshine Boulevard/Date Street, Sunshine Boulevard/I-
10 Westbound Off-Ramp and the Sunshine Boulevard/1-10 Eastbound Off-Ramp. A
traffic signal warrant analysis has been shown for the peak hour approach volumes
in Table 8 and calculation summary sheets have been provided in Appendix L.
Additional traffic signal warrant evaluations should be prepared with each phase of
development to determine the timing for the future signal installation. Future
signalization should be consistent with recommendations of the RSRSM and the City
of Eloy SATS to foster future mobility along ITS corridors.

+ A right-turn deceleration lane is warranted at the intersection of West Loop Road
and Date Street. However, due to the minor eastbound through volumes and the
four-lane arterial street section already constructed, the outside lane will function as
the dedicated right turn deceleration lane. The land area serviced by Date Street is
fixed and the volume of traffic along Date Street will be limited by the land area that
is services. A separate dedicated lane is not recommended along Date Street at the
public street intersections. Additional deceleration lane calculations should be
prepared for individual uses within the site as they are proposed. Since the
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development is industrial in nature, accommodations for vehicles storage for left
turns, maneuverability of large trucks and entrance gaps and tapers for these larger
vehicles into turn lanes should be considered.

¢ Should right turn lanes be considered for uses within the Sunshine Industrial Park,
the length of deceleration lane should be calculated using the 20 percent spillback
length as reported in TRB Circular E-C01. The length of deceleration lane along with
the suggested driveway spacing has been provided in Appendix K.

¢ The contractor should ensure that adequate sight distance is provided at all site
access points to allow safe left and right-turning movements from the development.
Landscaping should be maintained at a maximum of three (3) feet in height. To
maintain sight distance, tree branches should be trimmed lower than seven feet and
maintained to meet current acceptable landscape requirements while maintaining
sight distance.

¢ The commercial parcel located in the southeast corner of Sunshine Boulevard and
Date Street is proposed to have two (2) site access points along Sunshine
Boulevard and two (2) along Date Street. Sunshine Boulevard is proposed to include
one (1) 3/4 access point approximately 560-feet from the intersection of Sunshine
Boulevard and Date Street (centerline to centerline) and one (1) right-in/right-out
access point approximately 300-feet from the intersection. Date Street is proposed
to include one (1) full access point approximately 650-feet from the intersection of
Sunshine Boulevard and Date Street (centerline to centerline) and one (1) right-
in/right-out access point approximately 300-feet from the intersection. All access
points, as proposed for the commercial area, provide sufficient queuing distance for
all turning movements and exceed the required stopping sight distance for safety.
Although the access along Sunshine Boulevard has been preliminarily reviewed,
these accesses are subject to final City approval during the City’s site plan approval
process. An access plan for the commercial development located along Sunshine
Boulevard is shown in Appendix .
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INTRODUCTION

The Sunshine Industrial Park development is a proposed mixed-use development
located on the northeast corner of Sunshine Boulevard and 1-10 in the City of Eloy,
Arizona. Encompassing approximately 277 acres, the parcel is expected to be
developed into industrial, warehousing and commercial land uses.

Per the site plan provided, access to the Sunshine Industrial Park development could be
obtained from Sunshine Boulevard and Date Street. In addition, an internal loop
collector is planned to provide direct access to the industrial areas.

Study Requirements

This study analyzes the traffic impact due to the proposed development on the
surrounding street network. The study area has been defined as including Sunshine
Boulevard, I-10, State Route 84 (SR-84), State Route 87 (SR-87), Alsdorf Road, Date
Street and Milligan Road in Eloy, Arizona. A location map of the study area is provided

in Figure 1.

This Traffic Impact Analysis has been prepared per the requirements of the City of Eloy.
Based on City staff, Eloy defers to the requirements of the Maricopa County Department
of Transportation (MCDOT) study guidelines. The proposed mixed-use development is
anticipated to generate more than 1,000 and less than 1,500 peak hour trips, which puts
the site into a Category lIl.

Study Area

Based on MCDOT criteria, the study area includes all site access points, unsignalized,
signalized and/or potential signalized intersections adjacent to the development. Per a
meeting with City Staff on July 12, 2010 the study area intersections were identified.
The following intersections were included as part of the study area in addition to the

access points:

¢ Sunshine Boulevard & State Route 84 ¢ Sunshine Boulevard & Interstate 10
¢ Sunshine Boulevard & Alsdorf Road ¢ State Route 87 & State Route 84
¢ Sunshine Boulevard & Date Street ¢ State Route 87 & Milligan Road

Horizon Years

The study horizon years for a Category 11l development generating more than 1,000 and
less than 1,500 peak hour trips, per MCDOT Traffic Impact Procedures, includes the
existing year, the opening/build-out year and the opening plus twenty (20) years. Per
the previously mentioned meeting with the City, existing year (2010) and opening plus
twenty year (2030) would be sufficient for this study.

5 s 5 NEC of I-10 and Sunshine Blvd.
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EXISTING CONDITIONS

SURROUNDING LAND USES

The proposed site is currently empty/vacant land, surrounded by commercial, master
planned residential communities and some single-family homes on large properties.
There is also a large portion of land dedicated to agricultural use. The existing Union
Pacific Railroad is located along the northern frontage of the proposed site and is
planned to service the Industrial/Warehousing land use located near the railroad. Also
located in the northeast corner of the site is the National Gypsum Corporation, which is
a planned high technology manufacturing plant.

ROADWAY NETWORK

Sunshine Boulevard is a north/south five lane (5) lane roadway south of SR-84 within
the vicinity of the site providing two (2) through lanes in each direction of travel and a
center two-way left-turn lane. Sunshine Boulevard begins to the north at Battaglia Drive
and travels southbound terminating at Curtis Road in Eloy. Per the City of Eloy 2010
SATS, Sunshine Boulevard is classified as a minor arterial. The posted speed limit is
35 miles per hour (mph) within the vicinity of the site.

State Route 84 (SR-84) is a northwest/southeast two (2) lane highway with one (1) lane
in each direction of travel located along the northern frontage of the proposed site.
SR-84 begins at Interstate 8 (I-8) west of State Route 347 (SR-347) and continues east
to Casa Grande, changing direction and running parallel with 1-10 toward Tucson
terminating at State Route 87 (SR-87) in Eloy. Per the City of Eloy 2010 SATS, SR-84
is classified as a minor arterial. The posted speed limit is 45 mph within the vicinity of

the site.

Alsdorf Road is an east/west two lane roadway with one (1) lane in each direction of
travel. Alsdorf Road begins to the west at Santa Cruz Boulevard in Arizona City and
continues eastbound terminating at Sunshine Boulevard. Per the City of Eloy 2010
SATS, Alsdorf Road is classified as minor arterial. The posted speed limit is 25 mph
within the vicinity of the site.

Date Street is an east/west two lane roadway west of Sunshine Boulevard and a five
(5) lane roadway east of Sunshine Boulevard with two (2) through lanes in each
direction of travel and a center two-way left turn lane. Date Street begins to the west at
South “D” Street and continues eastbound terminating at La Palma Road. The posted
speed limit is 35 mph within the vicinity of the site.

Interstate 10 (I-10) is a regional northwest/southeast four lane freeway with two (2)
lanes of travel in each direction. The I-10 provides direct access to both Phoenix to the
northwest and Tucson to the southeast. The posted speed limit is 75 mph within the
vicinity of the site.

State Route 87 (SR-87) is a north-south two (2) lane highway with one (1) through lane
in each direction of travel. SR-87 begins to the north as the Beeline Highway and
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continues south providing direct access to Mesa, Gilbert, Chandler, Sun Lakes and
Coolidge, terminating to the south at the 1-10 freeway in Eloy. Per the City of Eloy 2010
SATS, SR-87 is classified as a major arterial. The posted speed limit is 65 mph within
the vicinity of the site.

Milligan Road is an east-west two (2) lane roadway with one (1) through lane in each
direction of travel. Milligan Road begins to the west at SR-87 and continues east
terminating east of Vail Road in Eloy. The posted speed limit is 35 mph within the
vicinity of the site. Currently the portion of Milligan Road that extends through the
proposed Sunshine Industrial Park development has been abandoned by the City of
Eloy. Milligan Road will continue east of La Palma in the future and is proposed to
connect to Sr-87 at a 90 degree angle.

La Palma Road is a north-south paved road north of SR-84 and a dirt road between the
Union Pacific Railroad and I-10. The current posted speed limit north of SR-84 along La
Palma Road is 25 mph. Per conversations with City staff La Palma Road is not planned
with a through connection across SR-84 (to the north) or 1-10 (to the south) of the
proposed site.

INTERSECTION CONFIGURATIONS

The intersection of Sunshine Boulevard and SR-84 operates as a two-way stop
controlled intersection with stop control on the north-south approaches. The northbound
approach consists of a shared left-through lane, one (1) through lane and a dedicated
right-turn lane. The southbound approach consists of an exclusive left-turn lane, one
(1) through lane and a dedicated right-turn lane. Both the eastbound and westbound
approaches consist of an exclusive left-turn lane, one (1) through lane and a shared
through-right lane.

The intersection of Sunshine Boulevard and Alsdorf Road operates as a one-way
stop controlled “T” intersection with stop control on the eastbound approach. The
northbound approach consists of an exclusive left-turn lane and two (2) through lanes.
The southbound approach consists of one (1) through lane and a shared through-right
lane. The eastbound approach consists of a shared left-right lane.

The intersection of Sunshine Boulevard and Date Street operates as a two-way stop
controlled intersection with stop control on the east-west approaches. The northbound
approach consists of an exclusive left-turn lane, two (2) through lanes and a dedicated
right-turn lane. The southbound approach consists of an exclusive left-turn lane, one
(1) through lane and a shared through-right lane. Both the eastbound and westbound
approaches consist of an exclusive left-turn lane a shared through-right lane.

The intersection of Sunshine Boulevard and I-10 WB Ramps operates under
unsignalized conditions with stop control on the westbound approach. The northbound
approach consists of a shared left-through lane. The southbound consists of a shared
through-right lane. The westbound approach consists of an exclusive left-turn lane and
a dedicated right-turn lane.
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% CivTech April 2012



Sunshine Industrial Park - Eloy, Arizona Master Traffic Impact Analysis

The intersection of Sunshine Boulevard and I-10 EB Ramps operates under
unsignalized conditions with stop control on the eastbound approach. The northbound
approach consists of a shared through-right lane. The southbound consists of a shared
left-through lane. The eastbound approach consists of an exclusive left-turn lane and a
dedicated right-turn lane.

The intersection of SR-87 and SR-84 operates as a two-way stop controlled intersection
with stop control on the north-south approaches. The northbound approach consists of
a shared left-through-right lane. The southbound approach consists of a shared left-
through lane and a dedicated right-turn lane. The eastbound approach consists of an
exclusive left-turn lane and a shared through-right lane. The westbound approach
consists of a shared through-right lane.

The intersection of SR-87 and Milligan Road operates under unsignalized conditions.
The northbound approach consists of a shared through-right lane. The southbound
approach consists of an exclusive left-turn lane and one (1) through lane. The
westbound approach consists of a shared left-right lane.

Table 1 summarizes the existing intersection stop control within the project vicinity.

Table 1 — Existing Intersection Stop Control

Intersection Stop Control
Sunshine Blvd. & SR-84 2-way stop (NB/SB)
Sunshine Blvd. & Alsdorf Rd. 1-way stop (EB)
Sunshine Blvd. & Date St. 2-way stop (EBAMB)
Sunshine Blvd. & I-10 WB Ramps 1-way stop (WB)
Sunshine Bivd. & I-10 EB Ramps 1-way stop (EB)
SR-87 & SR-84 2-way stop (NB/SB)
SR-87 & Milligan Rd. 1-way stop (WB)

EXISTING TRAFFIC VOLUMES

CivTech conducted turning movement counts at the study intersections on Tuesday July
20, 2010 from 7:00 AM to 9:00 AM and from 4:00 PM to 6:00 PM. Existing traffic
volumes for this study are illustrated in Figure 3 for both the AM and PM peak hours.
Data sheets for the recorded volumes are provided in Appendix B.
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EXISTING CAPACITY ANALYSIS

Peak hour capacity analyses have been conducted for the study intersections based on
existing lane configurations, stop control and traffic volumes. All intersections have been
analyzed using the methodologies presented in the Highway Capacity Manual (HCM),
Special Report 209, Updated 2000. All signalized and unsignalized intersections have
been analyzed as such using the methodologies presented in the Highway Capacity
Manual, Special Report 209, Updated 2000, and using TRAFFIX Software version 8.0
under the HCM 2000 methodologies.

The concept of level-of-service (LOS) uses qualitative measures that characterize
operational conditions within the traffic stream. The individual levels-of-service are
described by factors that include speed, travel time, freedom to maneuver, traffic
interruptions, and comfort and convenience. Six levels of service are defined for each
type of facility for which analysis procedures are available. They are given letter
designations A through F, with LOS A representing the best operating conditions and
LOS F the worst. Each level of service represents a range of operating conditions.
Table 2 lists the level of service criteria for signalized and unsignalized intersections.

Table 2 — Level-of-Service Criteria for Controlled Intersections

. Unsignalized Signalized
Level-of-Service | ¢, n¢rol Dglay (seciveh) | Control Delay (seciveh)

A <10 <10

B >10-15 > 10-20
C >15.25 >20-35
D >25.35 > 35.55
E > 35-50 > 55-80
F > 50 >80

Source: Exhibit 16-2 and Exhibit 17-2, Highway Capacity Manual 2000

Results of the existing level-of-service analyses are shown in Table 3 for both peak
hours. The output sheets for the existing conditions have been included in the

Appendix C.
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Table 3 — Existing Peak Hour Levels of Service

: Stop Existing LOS

ID | Intersection Control | APProach I gy ek Hour | PM Peak Hour
NB B B
2-way stop SB B B
1 | Sunshine Blvd. & SR-84 EB Left A A
(NB/SB) | \wg Left A A
Overall A A
NB Left A A
5 Sunshine Blvd. & Alsdorf 1-way stop SB A A
Rd. (EB) EB A A
Overall A A
NB Left A A
. 2-way stop SBEIéeﬂ ﬁ 2
3 | Sunshine Blvd. & Date St. (EBIWB) e A A
Overall A A
NB Left A A
4 Sunshine Blvd. & I-10 WB 1-way stop SB A A
Ramps (WB) WB A A
Overall A A
NB A A
5 Sunshine Bivd. & I-10 EB 1-way stop | SB Left A A
Ramps (EB) EB A A
Overall A A
NB A A
2-way stop SB A A
6 | SR-87 & SR-84 EB Left A A
(NB/SB) WB A A
Overall A A
NB A A
7 | SR-84 & Houser Rd. 1""’(3\3,’83)"0'[’ b A A
Overall A A

All existing study intersections are expected to operate with an overall passing level of
service (LOS A).
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FUTURE ROADWAY IMPROVEMENTS

REGIONAL IMPROVEMENTS

Per the City of Eloy 2010 Small Area Transportation Study (SATS) La Palma Road is
planned to connect north of SR-84 and to the south of I-10. Alsdorf Road, Milligan
Road, La Palma Road and SR-84 are classified as minor arterial roadways which will
ultimately provide 2-4 through lanes by horizon year 2030. Sunshine Boulevard is
classified as a major arterial which currently provides the ultimate full build cross section
of 4 through lanes and a center two-way left-turn lane.

The Interstate 10 (I-10) Corridor Study: Junction -8 to Tangerine Road, dated
September 2008, depicts Alsdorf Road and La Palma Road with an overpass bridge or
some connection across the |-10 freeway. Also, the Sunshine Boulevard Traffic
Interchange is planned to be improved to provide an ultimate cross section of six (6)
through lanes on Sunshine Boulevard and provide an ultimate cross section of three (3)
lanes at each off/on ramp. A one-way frontage road is also planned to run westbound
along the southern portion of the proposed Sunshine Industrial Park development.

PROPOSED DEVELOPMENT

SITE LOCATION

The Sunshine Industrial Park development is a proposed industrial, warehousing and
commercial development located on the northeast corner of Sunshine Boulevard and
Interstate 10 in the City of Eloy, Arizona. The site is depicted north of the I-10, south of
the Union Pacific Railroad, east of Sunshine Boulevard and west of La Palma Road.

LAND USE AND DENSITY

The proposed Sunshine Industrial Park development is expected to be fully built out by
horizon year 2030. The proposed development encompasses approximately 277 gross
acres with an assumed floor area ratio (FAR) of 20%. It was also assumed the
Industrial area would consist of 20% Industrial Park and 80% warehousing. Table 4
below shows the assumed intensity of the proposed Sunshine Industrial Park
development.

Table 4 — Land Use and Intensity

Acreage Building S.F. Industrial Park Warehousing Commercial
251.9 2,195,028 439,006 1,756,022 -
11.9 103,526 - - 103,526
Total 2,298,554 439,006 1,756,022 103,526

: 10 NEC of I-10 and Sunshine Blvd.
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SITE PLAN

The proposed Sunshine Industrial Park development could obtain access via Sunshine
Boulevard and Date Street. In addition an internal loop collector is planned to provide
direct access to the industrial areas in the southern portion of the site. The northern
parcels are serviced by the Union Pacific Railroad and Date Street. Date Street is
located approximately 1,900 S.F. north of the 1-10 westbound ramps. The layout of the
proposed site is illustrated in Figure 4.

COMMERCIAL RETAIL PLAN

Site access points for the proposed commercial parcel located in the southeast corner
of Sunshine Boulevard and Date Street were included within this report to help
determine future access locations, access management and safety. Sunshine
Boulevard is proposed to include one (1) % -access point approximately 560-feet from
the intersection of Sunshine Boulevard and Date Street (centerline to centerline) and
one (1) right-in/right-out access point approximately 300-feet from the intersection. Date
Street is proposed to include one (1) full access point approximately 650-feet from the
intersection of Sunshine Boulevard and Date Street (centerline to centerline) and one
(1) right-in/right-out access point approximately 300-feet from the intersection. The
proposed commercial dimensions and site access is illustrated in Figure 9. A
conceptual site plan of the proposed commercial parcel has been included in Appendix
I. Although the access along Sunshine Boulevard has been preliminarily reviewed,
these accesses are subject to final City approval during the City’s site plan approval
process.

Driveway specific analysis for this use has not been completed within this report. Trips
for the commercial area were generated and distributed to the roadway network using
the Shopping Center land use. These trips were applied to the driveways using
engineering judgment to determine acceptable future access locations. A site specific
traffic impact analysis should be completed for this site in the future to ensure that the
recommendations herein will continue to support the actual development proposal.

v . » 11 NEC of I-10 and Sunshine Blvd.
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FUTURE TRAFFIC VOLUMES

SITE TRIP GENERATION

Generated trips were estimated for the proposed Sunshine Industrial Park development
utilizing the data given in the Institute of Transportation Engineers (ITE) Trip
Generation, 8" Edition report and the methodology discussed in the ITE Trip Generation
Handbook, 2" Edition. The ITE Trip Generation report contains data collected by
various transportation professionals for a wide range of different land uses. The data
are summarized in the report and average rates and equations have been established
that correlate the relationship between an independent variable that describes the
development size and generated trips for each categorized land use. The report
provides information for daily and peak hour trips.

Pass-By Trips

Based on the published ITE data, as found in /TE Trip Generation Handbook 2™
Edition, it could be estimated that some portion of the traffic entering and existing a
commercial development would come from traffic already on the external street system.
The term ‘pass-by’ trips refers to traffic already traveling on a study roadway from an
origin to a destination that stops into the commercial development on the way. Per the
ITE Trip Generation Handbook, 2™ Edition, it could be estimated that 5% of the daily
trips and 34% of the PM peak hour trips generated by the proposed commercial parcel
could be from pass-by trips. To maintain a conservative estimate of impacts, pass-by
trips were not taken.

Data for ITE categories “Industrial Park” (Land Use Code 130), “Warehousing” (Land
Use Code 150) and “Shopping Center” (Land Use Code 820) were used to estimate
trips for the proposed development. The square footage for each land use was found
using a Floor Area Ratio (FAR) of twenty (20) percent (a factor of 0.20). CivTech
assumed that the proposed industrial area would consist of 20% Industrial Park and

80% warehousing.

Based on the size of the development, the trip generation equations from ITE’s Trip
Generation were used to calculate the total trips for the industrial/warehousing portion of
the proposed site. Table 5 summarizes the full build (2030) trip generation. Detailed trip
generation calculations are included in Appendix D of this report.

Table 5 — Trip Generation Summary

Weekday Generated Trips
ITE Size Daily AM Peak Hour PM Peak Hour
Land Use Code | Quantity Units Total Enter | Exit | Total | Enter | Exit | Total
Shopping Center 820 103,526 S.F. 4,445 63 40 104 185 201 386
Industrial Park 130 439,006 S.F. 2,926 265 58 323 80 301 381
Warehousing 150 | 1,756,022 S.F. 5,796 315 | 84 399 93 280 373
Total External Trips 13,167 | 643 | 182 @ 826 359 781 1,140
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By full buildout the proposed development is expected to generate 13,167 total daily
trips, with 826 occurring in the AM peak hour and 1,140 occurring in the PM peak hour.

SITE TRIP DISTRIBUTION

The proposed project is expected to consist of industrial, warehousing and commercial
land uses; therefore, two (2) trip distribution patterns were assumed for this study. It is
expected that the majority of the trips generated by the industrial/warehousing land uses
would be made by trucks/employees working in the proposed development to/from
other distribution and places of residence within a given radius of the site. It was also
expected that the majority of the trips generated by the commercial parcels would be
home based from nearby population within a given radius of the site. Site trips were
distributed to the roadway network based on estimates of total 2030 population within a
twenty (20) mile radius of the site as found in Pinal County Small Transportation Area

Study, 2006 update.

It was determined that the major travel patterns for the site generated traffic are
summarized in Table 6 and shown in Figure 5, which displays the overall trip
distribution percentages assumed for this study. Anticipated trips to the proposed site
varied due to the mixed industrial and commercial land uses.

Table 6 — Site Trip Distribution Percentages

Direction Industrial Commercial
Sunshine Boulevard — North 2% 20%
Sunshine Boulevard — South 2% 30%
SR -84 — Northwest 10% 15%
I-10 (To Phoenix) 30% 5%
I-10 (To Tucson) 40% 5%
SR-87 — North 5% 8%
SR-87 — South 8% 10%
La Palma Road — North 1% 2%
La Palma Road — South 2% 5%

Total 100% 100%

SITE TRIPS ASSIGNMENT

The distribution percentages were applied to the generated trips to determine the AM
and PM peak hour site traffic at the intersections within the study area. Figure 6
presents the resulting full build site generated traffic assignment during the peak hours.

. 14 NEC of I-10 and Sunshine Blvd.
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PROJECTED BACKGROUND TRIPS

ADT volumes from the City of Eloy Small Area Transportation Study (SATS), dated
June 2010 were used to determine the peak hour 2030 background volumes. CivTech
utilized the National Cooperative Highway Research Program (NCHRP) Report 255 to
develop the peak hour turning movements for all the study intersections based on the
ADT’s. This method provided turning movements based on a nationally recognized
methodology while keeping the ADT volumes consistent with the City of Eloy SATS.
Detailed 2030 AM and PM peak hour turning movement volume calculations have been
included within Appendix E.

By horizon year 2030, it is assumed that the National Gypsum Corporation will be fully
constructed and at full capacity. The National Gypsum Corporation is a high technology
manufacturing plant, located along the northern frontage of the proposed site between
Date Street and the Union Pacific Railroad. Based on the TIA prepared for the National
Gypsum Corporation, development is anticipated to encompass 103 gross acres and
will provide an assumed 15 percent FAR or buildable area of 673,002 square feet. Per
the ITE Manufacturing (Land Use Code 140) the National Gypsum Corporation is
anticipated to generate 2,572 daily trips, with 492 trips occurring during the AM peak
hour and 492 trips occurring during the PM peak hour. The 2030 peak hour traffic
volumes from the National Gypsum Corporation development have been included in
Figure 7. Detailed trip generation calculations and excerpts from the approved TIA for
the National Gypsum Corporation are included in Appendix E.

Land located to the east of the of the Sunshine Industrial Park, east of the La Palma
road alignment, is land locked to the north by the BNSF Railroad, to the south by the I-
10 freeway and to the east by SR-87. The only opportunity to access the parcel is from
the west, through the Sunshine Industrial Park site. Date Street will continue easterly
into the currently vacant eastern parcel to provide access for any future development.
To account for this likely future traffic, both the land use and the density of the eastern
parcel were assumed to be similar to that of the Sunshine Industrial Park. Calculations
for the AM and PM peak hours as well as projected ADT’s for the development of the
eastern parcel have been included in Appendix E.

The 2030 projected AM and PM peak hour background traffic volumes include the
National Gypsum Corporation traffic, the anticipated development to the east of the La
Palma Road alignment, and the turning movements from the 2010 Eloy SATS, without
the proposed site. The 2030 peak hour traffic volumes are shown in Figure 7.

TOTAL TRAFFIC VOLUMES

Total traffic was determined by adding the proposed site generated traffic to the
projected 2030 background traffic and projected National Gypsum Corporation traffic.
The 2030 total peak hour traffic volumes are shown in Figure 8.
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TRAFFIC AND IMPROVEMENT ANALYSIS

INTERSECTION CAPACITY ANALYSIS

Peak hour capacity analyses were conducted for the study intersections and at all major
site accesses. All study area intersections were analyzed using the methodologies
presented in the HCM 2000 using TRAFFIX, version 8.0 analysis software. Unsignalized
intersections shown as operating at poor levels of service in 2030 were also analyzed as
signalized intersections where such intersections were considered likely future traffic
signal locations, such as at the intersection of two section-line roadways.

For purpose of comparison, two analyses were completed for the 2030 horizon year:
one for a background traffic scenario (i.e., without the development) and one for total
traffic (with the development). The levels of service presented in the tables are based
on the anticipated 2030 lane geometry and stop control. The overall intersection and
approach levels of service, movement levels of service and average control delays
resulting from this analysis are summarized in Table 7 for horizon year 2030. The lane
configurations and intersection traffic controls assumed in the 2030 analysis are
depicted in Figure 9. The Traffix analysis summary sheets for 2030 are included in
Appendix F.

Table 7 — Intersection Capacity Analysis Summary, 2030

. Stop 2030 LOS AM(PM)
ID | Intersection Control Approach No Build Build
NB D(C) D(C)
SB D(D) D(D)
1 | Sunshine Blvd. & SR-84 Signalized EB B(B) B(B)
WB D(D) D(D)
Overall C(C) C(C)
NB Left A(A) A(A)
5 Sunshine Bivd. & Alsdorf 1-way stop SB A(A) A(A)
Rd. (EB) EB B(F) C(F)
Overall A(A) A(A)
NB B(A) B(B)
SB A(C) A(C)
3 | Sunshine Blvd. & Date St. Signalized EB C(C) D(C)
WB D(C) E(C)
Overall B(B) C(C)
NB B(B) B(C)
4 Sunshine Bivd. & I-10 WB 1-way stop SB C(D) C(D)
Ramps (WB) WB D(C) D(D)
Overall C(C) C(C)
NB D(C) D(C)
5 Sunshine Bivd. & I-10 EB 1-way stop SB B(B) B(B)
Ramps (EB) EB D(D) D(D)
Overall C(C) C(C)
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Table 7 — Intersection Capacity Analysis Summary, 2030 (Continued.....)

. Stop 2030 LOS AM(PM)

ID | Intersection Control Approach No Build Build
NB E(E) E(E)

SB C(C) C(C)

6 | SR-87 & SR-84 Signalized EB C(D) C(C)
WB C(B) C(B)

Overall C(C) C(C)

NB B(C) B(C)

7 | SR-87 & Milligan Rd. Signalized VSV% E’ECE’; EE(E:;
Overall B(C) B(C)

NB -(-) B(B)

8 | Loop A & Date St. TP o :8 A
Overall -(-) A(A)

NB -(-) B(B)

I SB A(A) B(A)

9 | Loop B & Date St. W NVB P EB A(A) A(A)
(NB) WB A(A) A(A)

Overall A(A) A(A)

By horizon year 2030, all study intersections are expected to operate with an overall
acceptable level of service (LOS C or better) under the proposed lane configurations
shown in Figure 9.

The intersection of Sunshine Boulevard and Alsdorf Road experiences a poor/failing
level of service in the eastbound direction during the peak hours due to the expected
regional growth within the area, thus increasing the north-south through traffic along
Sunshine Boulevard. Poor levels of service during peak hours are not uncommon on
side street approaches to major arterial roadways. The expected increase in traffic
volumes along Sunshine Boulevard would decrease the number of acceptable gaps in
traffic for eastbound left-turns. This increases delay to these eastbound movements
resulting in a poor LOS during peak hours; however it is expected that these
movements will operate at an acceptable LOS during non-peak hours. Furthermore, the
Traffix software utilized for this analysis does not account for gaps in traffic due to near-
by signalization. Although the PM peak hour experiences a failing LOS in the eastbound
approach both delay and peak hour signal warrants are not meet. Also, due to the
close proximity of the Union Pacific Railroad located approximately 80-feet north of
Alsdorf Road a signal is not recommended.

The intersection of Sunshine Boulevard and Date Street experience a poor westbound
approach LOS during the AM peak hour due to the need for more green time
north/south. With an increase in westbound site traffic during the AM peak hour more
green time is required for the westbound left-turns onto Sunshine Boulevard.

. 21 NEC of I-10 and Sunshine Blvd.
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TRAFFIC SIGNAL WARRANT ANALYSIS

Eight signal warrants defined in the 2003 MUTCD describe minimum conditions under
which signal installations may be justified. The Manual suggests that traffic control
signals should not be installed unless one or more of the signal warrants are met.
However, the satisfaction of a warrant or warrants is not in itself justification for a signal.
Every situation is unique and warrant guidelines must be supplemented by the effects of
specific site conditions and the application of good engineering judgment. Installation of
a traffic signal should improve the overall safety and/or operation of an intersection and
should be considered only when deemed necessary by careful traffic analysis and after
less restrictive solutions have been attempted. It was this criterion to which the
anticipated approach traffic volumes along Sunshine Boulevard were compared to
determine whether or not a traffic signal is currently warranted.

Many of the intersections along Sunshine Boulevard will require signalization in 2030 to
achieve acceptable traffic operations. The requirement for signalization is largely due to
the projected through traffic along Sunshine Boulevard in the future according to the
City of Eloy SATS. Since this study has predicted future peak hour traffic volumes, they
have been used as the likely indicator to determine the need for future traffic
signalization at an intersection. The Manual on Uniform Traffic Control Devices
(MUTCD) provides specific guidance on the application of peak hour volumes as
compared to minimum threshold values established for roadways based on the number
of approach lanes, this is considered Warrant 3. Excerpts from the MUTCD (2003) for
Warrant 3 have been provided in Appendix L. Table 8 displays the peak hour approach
volumes for the major roadway (Sunshine Boulevard) and the highest volume approach
along the minor roadway (SR-84, Date Street and the I-10 Off-Ramps). Additional traffic
signal warrant evaluations should be prepared with each phase of development to
determine the timing for the future signal installation.

WARRANT 3: PEAK-HOUR
The Peak Hour signal warrant is intended for use at a location where traffic conditions
are such that for a minimum of 1 hour of an average day, the minor-street traffic suffers
undue delay when entering or crossing the major street. The need for a traffic control
signal shall be considered if an engineering study finds that the criteria in either of the
following two categories are met:

A. If all three of the following conditions exist for the same 1 hour (any four
consecutive 15-minute periods) of an average day:

1. The total stopped time delay experienced by the traffic on one minor-street
approach (one direction only) controlled by a STOP sign equals or exceeds: 4
vehicle-hours for a one-lane approach; or 5 vehicle-hours for a two-lane
approach; and

2. The volume on the same minor-street approach (one direction only) equals or
exceeds 100 vehicles per hour for one moving lane of traffic or 150 vehicles
per hour for two moving lanes; and

%
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3. The total entering volume serviced during the hour equals or exceeds 650
vehicles per hour for intersections with three approaches or 800 vehicles per
hour for intersections with four or more approaches.

B. The plotted point representing the vehicles per hour on the major street (total of
both approaches) and the corresponding vehicles per hour on the higher-volume
minor-street approach (one direction only) for 1 hour (any four consecutive 15-
minute periods) of an average day falls above the applicable curve in Figure 4C-
3 for the existing combination of approach lanes.

Category B was used to determine the relevance of the peak hour warrant for Sunshine
Boulevard intersections. If the posted or statutory speed limit or the 85th-percentile
speed on the major street exceeds 70 km/h or exceeds 40 mph and if the intersection
lies within the built-up area of an isolated community having a population of less than
10,000, Figure 4C-4 may be used in place of Figure 4C-3 to satisfy the criteria in the
second category of the Standard.

Since the speed limit on Sunshine Boulevard is 35 mph the 70% factor does not apply
to the above warrant. Table 8 summarizes the volume-based warrant analysis results
for the projected 2030 traffic volumes.

Table 8 — Volume-Based Traffic Signal Warrant Analysis Summary

. Warrant . Warrant
Pro;ec_t ed Satisfying PrOjec't ed Satisfying
Hour Traffic . Traffic .
Traffic Traffic Is Warrant
of Volume Volume
Volume Volume Met?
the Day -
Major Approach

Warrant Sunshine Boulevard | Minor Approach
SR-84 PM Peak 1259 N/A 512 200 YES
Date Street PM Peak 1953 N/A 757 150 YES
Westbound Off-ramp | PM Peak 1759 N/A 645 150 YES
Eastbound Off-ramp | PM Peak 2044 N/A 380 150 YES

* Notes: 1) Minor approach volumes represent all left tuming vehicles plus half of the right tuming vehicles.
2) The values represent minimum threshold volumes as the approach volumes on the major street
exceed the maximum volumes on each of the appropriate graphs described above.

3) No reduction taken for right turns from major approach.

Additional traffic signal warrant evaluations should be prepared with each phase of
development to determine the timing for the future signal installation. Future
signalization should be consistent with recommendations of the RSRSM and the City of
Eloy SATS to foster future mobility along ITS corridors.
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AUXILIARY LANES

Left-turn Lanes

Separate left-turn lanes shall be provided at all signalized intersections regardless of
volumes. Where the design left-turn volume exceeds 300 vehicles per hour, a dual left-
turn lane shall be constructed.

It is recommended that left turn lanes are provided on all approaches wherever
permanent traffic signals are installed. It is also expected that offsite improvements will
be designed so that, as surrounding development occurs, the full cross-section for each
roadway would provide for dedicated left-turn lanes or a continuous two-way left-turn
lane at each intersection and/or site access.

Right-turn Deceleration Lanes

Per the TRB Circular E-C019, the 20% spillback factor should be utilized to determine
the location and need for right turn deceleration lanes. This circular suggests that right-
turn deceleration lanes should be provided at all locations where driveways intersect the
major roadway. Since Date Street has already been constructed with a 4 through lanes,
two in each direction, while the through volume of traffic for this type of facility is much
lower than the threshold for capacity, right turn deceleration lanes along Date Street are
not recommended. The outside lane will facilitate deceleration and turning movements
while the inside lane will accommodate the through traffic. Right turn lanes should be
further evaluated with each specific development and future driveway location according
the RSRSM and the City of Eloy SATS.

Deceleration Lanes

Per discussions with the City of Eloy right-turn deceleration lanes were not analyzed
within this Master TIA. Deceleration lanes will be analyzed when each parcel within the
Toltec Business Park is build. Both Pinal County and the City of Eloy do not have set
criteria for deceleration lanes, therefore the MCDOT deceleration lane criteria should be
utilized when she parcel comes online. A right-turn deceleration lane is warranted when
any three of the following four criteria are met:

¢ The posted speed limit is 35 mph or the 85" percentile speed is greater than 35-
mph.

+ Atleast 1,000 vehicles per day are using or are expected to use the driveway for the
development or adjacent developments (existing or future).

¢ At least 30 vehicles are expected to make right turns into the driveway for a one-
hour period for the development or adjacent developments (existing or future).

¢ At least 5,000 vehicles per day are using or are expected to be using the adjacent
street in the near future (five years after the development is built out).

In summary, should the City of Eloy adopt a deceleration criteria before the other parcel
TIA’s are needed those standards should be used instead.
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QUEUING ANALYSIS

Adequate turn storage should be supplied on any approach where turn lanes are
permitted and/or warranted. A queuing analysis for all turn lanes was performed at all
the study intersections under stop or signal control within the study area, according to
the methodologies documented in AASHTO’s a Policy on Geometric Design of
Highways and Streets and ADOT’s Roadside Design Guide. Each method was
performed to compare the reported queue storage to help confirm sound
recommendations for each study intersection. The intersections were analyzed to
determine the turn lane queue storage needed to accommodate the expected regional
growth and proposed site traffic volumes in the horizon year 2030.

According to the methodology documented in A Policy on Geometric Design of
Highways and Streets (the AASHTO “Green Book”), the storage length for a turn lane is
typically estimated as the length required to hold the average number of arriving
vehicles per two minutes, where unsignalized, or per two signal cycles, where
signalized.! The formulas used for the calculations are shown below. Detailed queue
storage calculations are provided in Appendix G.

For signalized intersections, the storage length is determined by the following formula:
Storage Length = [2 x (veh/hr)/(cycles/hr)] x 25 feet

For unsignalized intersections, the storage length is determined by the following formula:
Storage Length = [(veh/hr)/(30 periods/hr)] x 25 feet

All signalized study intersections were analyzed with a 120 second cycle length. Per
the ITE handbook “Industrial Park” land use (ITE land use code 130) truck trips
accounted for 1 to 22 percent of the weekday traffic at the sites surveyed. The average
for all sites surveyed was approximately 8 percent. For purposes of this queuing
analysis it was assumed that 10 percent of the queuing vehicles would be heavy trucks
and the other 90 percent passenger vehicles. Therefore, a 75-foot storage length was
assumed to be required for 10 percent of all vehicle trips when calculating the queue
storage needs. Table 9 shows the calculated queue storage with an assumed 10
percent truck percentage.

Table 9 — Queue Storage Lengths

2030 Left-Turn Queue Storage Lengths
Stop © ADOT
ID| Intersection Control | Approach | AASHTO | Minimum | Desired | ®” Recommended
4 | Sunshine Bivd. & Signalized NB Left 575 Y520 “eo0 W 350
SR-84 SB Left 150’ 175’ 330’ 150’

' The American Association of Highway and Transportation Officials on pages 714-715 of its publication,
Geometric Design of Highways and Streets (“AASHTO Green Book”), indicates that storage length for a
turn lane, exclusive of taper, “should usually be based on one and one-half to two times the average
number of vehicles that would store per cycle” at a signalized intersection. In this analysis, CivTech used

two signal cycles.
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EB Left 450’ 415’ 570’ 350’

WB Left 275’ 315’ 470’ 275

NB Right 550’ 515’ 670’ "B 350

SB Right 300’ 340’ 495’ 300’

EB Right 1,075 940’ 1095’ 0 350

Sunshine Blvd. & | 1-way Sto , ,

2 oot RY. (EVB) P NBLeft 175 - - 175
NB Left 475 - - 350’

SB Left 275’ - - 275’

5 | Sunshine Bivd. & Signalized EB Left 400’ - - Y350’
Date St. WB Left 713 - - U2 350°

NB Right 1,450' - - . 350

WB Right 300’ - - 300’

NB Left 725’ 640’ 795’ " 350’

4 | SunshineBivd. & | o . . | WB Left 1,025’ 890’ 1045’ M 350
I-10 WB Ramps 9 SB Right 600’ 590’ 745 ) 3507

WB Right 825’ 765 920’ | "MA-EI 350

SB Left 1200’ 1090’ 1245’ %350’

5 | SunshineBivd. & | o . EB Left 600’ 590’ 745’ 2 350’
I-10 EB Ramps 9 NB Right 700’ 615’ 770’ " 350’

EB Right 725’ 640’ 795 | (T 35(

NB Left - - - Y150’

SB Left :; 525’ :Z 470’ :3 550’ . :z; 275

L EB Left 425’ 385’ 460’ @350’

6 SR-87 & SR-84 Signalized WE Left - N - URTTE
SB Right 1,000’ 865’ 1020’ "6 350"

WB Right 1,025’ 890’ 1045’ M 350’

SR-87 & Milligan L SB Left 575’ 565’ 720’ Y 350°

7 Ra. " | Signalized (ST 575 2000 . 445 375
g | WestLoop Rd. & | 1-way Stop \',"V% 'Lefftt fgg, u = fgg,
Date St. (NB) =€ : - u :

EB Right 200 - - 200

NB Left 100’ - - 100’

9 East Loop Rd. & | 2-way Stop | SB Left 125’ - - 125’
Date St. (NB/SB) EB Left 225’ - - 225’

WB Left 100’ - - 100’

(1) A minimum of 75 of storage is recommended for all movements at unsignalized intersections and 150’ of
storage at signalized intersections. For practicality/constructability a maximum queue storage length of 350’
is recommended.

(2) Dual turn queue storage does not include taper length.

(3) Calculated per ADOT criteria as shown in the ADOT Design Guidelines Section 4, updated by the memo
dated March 16, 1999. Length shown includes the queue distance plus the braking distance minus 1/3 of the

taper distance.

(4) Queue Storage length based on Synchro 50" percentile queue storage calculations. Does not include taper
calculations.

(56) Recommended storage length does not include taper length.

(6) Right-turn queue lengths can often be reduced due to right on red and signal overlap phasing.

The resulting turn-lane storage queue length requirements are summarized in Table 9.
It is recommended that additional storage length calculations should be completed prior
to implementation of any future capacity improvements to these intersections to more
accurately reflect the conditions at that time since additional development may affect
CivTech’s results.
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FUTURE ROADWAY CLASSIFICATION AND LANE REQUIREMENTS

As a result of the intersection capacity analyses and the projected ADT'’s, the proposed
intersection approach lane configuration for the study intersections in the 2030 horizon
year is shown in Figure 9 Future roadway classifications were determined based on the
ultimate ADT's from the City of Eloy 2010 SATS. Figure 10 illustrates the future
roadway classification based on the anticipated 2030 ADT's.
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Sunshine Industrial Park - Eloy, Arizona Master Traffic Impact Analysis

CRITICAL ACCESS MANAGEMENT REQUIREMENTS

This master study was prepared as a guiding document for the future Sunshine
Industrial Park development as part of the zoning process. Since site specific
developments have not been shown, and the timing of site specific development is
unknown, exact access locations have not been provided for review or approval. Future
access along Date Street, Sunshine Boulevard and the Loop Road should generally
follow the guidance provided by the RSR Access Management Requirements and the
City of Eloy SATS.

SIGHT DISTANCE

Adequate sight distances must be provided at intersections. A sight triangle is the area
encompassed by the line of sight from a stopped vehicle on the minor roadway to the
approaching vehicle on the major roadway: there must be sufficient unobstructed sight
distance along both approaches of a street or driveway intersection and across their
included corners to allow operators of vehicles to see each other. There must also be
sufficient sight distance along the major street to allow a driver intending to turn left into
the site to see a vehicle approaching in the opposite direction.

A developer can ensure that adequate sight distance is provided at the intersections for
left and right turning movements from the development in several ways. Landscaping
should be maintained at a maximum of three feet in height or as otherwise specified by
the City of Eloy. Tree branches lower than seven feet should be trimmed and
maintained to meet current acceptable landscape requirements.

An intersection sight distance analysis was performed to set guidelines for establishing
lines of sight for the proposed development at the site access points. Using the
guidelines set forth by A Policy on Geometric Design of Highways and Streets,
appropriate sight distances were calculated for the right and left turn/crossing
movements out of each site driveway (“Case B2” and “Case B3/B1,” respectively) and
the left turn movement into these site driveways (“Case F”).

It was assumed that Sunshine Boulevard would have a design speed of 45-mph and
Date Street would have a design speed of 40-mph, respectively. It was also anticipated
that both Sunshine Boulevard and Date Street would provide two (2) through lanes in
each direction with a center two-way left-turn lane. Recommended sight distances for
movements from site driveways are summarized in Table 9. The calculations for these
sight distances can be found in Appendix H.
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Table 10 — Recommended Sight Distance

Design Cars (ft) Trucks (ft
Roadway Speed | Left Right Ahead Left Right @ Ahead
(mph) [Case B1 Case B2 Case F | Case B1 CaseB2 CaseF
Date Street 40 500 445 385 645 858 465
Sunshine Boulevard 45 565 500 430 725 655 525

It is recommended that sight triangles be designed at all site access driveways to
provide at least the required sight distance as found in Table 9 or as otherwise required
by the City of Eloy. CivTech recommends that sight distance be recalculated if
roadways are to be widened beyond the assumed cross-sections.

W
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CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations have been documented in this study:

¢ All existing study intersections are expected to operate with an overall passing level
of service (LOS A) under existing conditions.

¢ The proposed development is expected to generate 13,167 total daily trips, with 826
occurring in the AM peak hour and 1,140 occurring in the PM peak hour.

¢ The recommendations provided herein relate to the overall master development and
the required improvements at full buildout. In order to facilitate the interim
improvements required to allow for acceptable traffic operations, an updated
analysis should be prepared for each phase of development to ensure that off-site
improvements are adequately recommended and constructed.

¢ The new Sunshine Boulevard traffic interchange improvements as recommended in
the /-10 Corridor Study: Junction I-8 to Tangerine Road are anticipated be in place
and fully constructed by horizon year 2030.

¢ A 50-foot strip of land adjacent to I-10 located on the proposed Sunshine Industrial
Park site will remain undeveloped. This land will be reserved for future right-of-way
purchase should it be required for the I-10 widening project.

¢ The City of Eloy 2010 Small Area Transportation Study (SATS) indicates that
Sunshine Road is considered to be a regionally significant route (RSR) in the future
even with the anticipated additional widening of I-10. As such, Sunshine Boulevard
is programmed as a six-lane major arterial street within a 150-foot right-of-way.

¢ All collector streets shown within the Sunshine Industrial Park shall be commercial
collectors containing 80-feet of right-of-way per the City of Eloy SATS.

¢ The National Gypsum Corporation (“National Gypsum”) has planned for a facility
located just north of the Sunshine Industrial Park. A Traffic Impact Study was
approved for National Gypsum by the City of Eloy and the ultimate Date Street
paving has been constructed for Date Street between Sunshine Boulevard and the
National Gypsum site. Excerpts from the National Gypsum TIA have been provided
in Appendix E.

*

This master study was prepared as a guiding document for the future Sunshine
Industrial Park development as part of the zoning process. Since site specific
developments have not been shown, and the timing of site specific development is
unknown, exact access locations have not been provided for review or approval.
Future access along Date Street, Sunshine Boulevard and the Loop Road should
generally follow the guidance provided by the RSR Access Management
Requirements and the City of Eloy SATS.

Interparcel connectivity between commercial developments would significantly
enhance the circulation within and surrounding the Sunshine Industrial Park. The
City may require joint/assembled driveways to support their interest of preserving

*
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safety along with balancing the access locations in comparison to the through traffic
along the adjacent roadways.

Horizon Year 2030

¢ By horizon year 2030, all study intersections are expected to operate with an
acceptable level of service (LOS C or better) under the proposed lane configurations
shown in Figure 9.

¢ The intersection of Sunshine Boulevard and Alsdorf Road experiences a poor/failing
level of service in the eastbound direction during the peak hours due to the expected
regional growth within the area, thus increasing the north-south through traffic along
Sunshine Boulevard. Poor levels of service during peak hours are not uncommon on
side street approaches to major arterial roadways. The expected increase in traffic
volumes along Sunshine Boulevard would decrease the number of acceptable gaps
in traffic for eastbound left-turns. This increases delay to these eastbound
movements resulting in a poor LOS during peak hours; however it is expected that
these movements will operate at an acceptable LOS during non-peak hours.
Furthermore, the Traffix software utilized for this analysis does not account for gaps
in traffic due to near-by signalization. Although the PM peak hour experiences a
failing LOS in the eastbound approach both delay and peak hour signal warrants are
not meet. Also, due to the close proximity of the Union Pacific Railroad located
approximately 80-feet north of Alsdorf Road a signal is not recommended.

¢ The intersection of Sunshine Boulevard and Date Street experience a poor
westbound approach LOS during the AM peak hour due to the need for more green
time north/south. With an increase in westbound site traffic during the AM peak hour
more green time is needed for the westbound left-turns onto Sunshine Boulevard.
This evaluation does not assume the Sunshine Boulevard has been constructed to
its ultimate six-lane condition but instead a more conservative evaluation of
Sunshine Boulevard in its existing condition. Traffic signalization will be requited at
Sunshine Boulevard/SR-84, Sunshine Boulevard/Date Street, Sunshine Boulevard/I-
10 Westbound Off-Ramp and the Sunshine Boulevard/1-10 Eastbound Off-Ramp. A
traffic signal warrant analysis has been shown for the peak hour approach volumes
in Table 8 and calculation summary sheets have been provided in Appendix L.
Additional traffic signal warrant evaluations should be prepared with each phase of
development to determine the timing for the future signal installation. Future
signalization should be consistent with recommendations of the RSRSM and the City
of Eloy SATS to foster future mobility along ITS corridors.

A right-turn deceleration lane is warranted at the intersection of West Loop Road
and Date Street. However, due to the minor eastbound through volumes and the
four-lane arterial street section already constructed, the outside lane will function as
the dedicated right turn deceleration lane. The land area serviced by Date Street is
fixed and the volume of traffic along Date Street will be limited by the land area that
is services. A separate dedicated lane is not recommended along Date Street at the
public street intersections. Additional deceleration lane calculations should be
prepared for individual uses within the site as they are proposed. Since the
development is industrial in nature, accommodations for vehicles storage for left

*
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turns, maneuverability of large trucks and entrance gaps and tapers for these larger
vehicles into turn lanes should be considered.

¢ Should right turn lanes be considered for uses within the Sunshine Industrial Park,
the length of deceleration lane should be calculated using the 20 percent spillback
length as reported in TRB Circular E-C01. The length of deceleration lane along with
the suggested driveway spacing has been provided in Appendix K.

¢ The contractor should ensure that adequate sight distance is provided at all site
access points to allow safe left and right-turning movements from the development.
Landscaping should be maintained at a maximum of three (3) feet in height. To
maintain sight distance, tree branches should be trimmed lower than seven feet and
maintained to meet current acceptable landscape requirements while maintaining
sight distance.

The commercial parcel located in the southeast corner of Sunshine Boulevard and Date
Street is proposed to have two (2) site access points along Sunshine Boulevard and two
(2) along Date Street. Sunshine Boulevard is proposed to include one (1) 3/4 access
point approximately 560-feet from the intersection of Sunshine Boulevard and Date
Street (centerline to centerline) and one (1) right-in/right-out access point approximately
300-feet from the intersection. Date Street is proposed to include one (1) full access
point approximately 650-feet from the intersection of Sunshine Boulevard and Date
Street (centerline to centerline) and one (1) right-in/right-out access point approximately
300-feet from the intersection. All access points, as proposed for the commercial area,
provide sufficient queuing distance for all turning movements and exceed the required
stopping sight distance for safety. Although the access along Sunshine Boulevard has
been preliminarily reviewed, these accesses are subject to final City approval during the
City’s site plan approval process. An access plan for the commercial development
located along Sunshine Boulevard is shown in Appendix I.
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APPENDIX G

2030 QUEUE LENGTH ANALYSIS

CivTech



Sunshine Industrial Park TIA Queue Length Analysis
Unsianalized Intersection
2030

Average Vehicle Length (ft): 25 90%
Average Truck Length (ft): 75 10%
Equation Used: storage length = 2 x (vehicles/hour)/(60 minutes/hour) x average vehicle length

AM Peak PMPeak Vehper2 Trucksper Storage

Intersection APPrOath et (vetvh)  minutes 2 minutes Length (i)
NB Left 20 120 4 1 175
SB Left 0 0 0 0 0
EB Left 10 90 3 1 150
: WB Left 0 0 0 0 0
Sunshine Blvd. & Alsdorf Rd. NB Right ) 0 0 0 0
SB Right 80 15 3 1 150
EB Right 110 20 4 1 175
WB Right 0 0 0 0 0
NB Left 35 142 5 1 200
SB Left 0 0 0 0 0
EB Left 0 0 0 0 0
WB Left 46 86 3 1 150
West Loop Rd. & Date St. NB Right 5 8 . 1 100
SB Right 0 0 0 0 0
EB Right 142 42 5 1 200
WB Right 0 0 0 0 0
NB Left 6 24 1 1 100
SB Left 12 34 2 1 125
EB Left 151 70 6 1 225
WB Left 25 7 1 1 100
East Loop Rd. & Date St. NB Right 3 55 1 ] 100
SB Right 42 124 5 1 200
EB Right 24 7 1 1 100
WB Right 41 19 2 1 125
@ CivTech
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Sunshine Industrial Park TIA Queue Length Analysis
Signalized Intersection

2030
Average Vehicle Length (ft): 25 90% Cycles: 2
Average Truck Length (ft): 75 10%

Intersection Cycle Length (sec): 120
Equation Used: storage length = 2 x (vehicles/hour)/(cycles/hour) x average vehicle length

AM Peak PM Peak Vehicles per Trucks per2 Storage

Intersection Approach (veh/hr) veh/hn) , I cvcles  Lenath (ff)
NB Left 380 564 34 4 575
SB Left 30 34 3 1 150
EB Left 130 195 12 2 450
. WB Left 130 90 8 1 275
Sunshine Blvd. & SR 84 NB Right 100 565 16 5 550
SB Right 115 150 9 1 300
EB Right 505 465 31 4 1,075
WB Right 21 56 4 1 175
NB Left 15 215 13 2 475
SB Left 125 70 8 1 275
EB Left 45 165 10 2 400
. WB Left 189 685 42 5 713
Sunshine Blvd. & Date St. NB Right 707 588 43 5 1,450
SB Right 150 50 9 1 300
EB Right 190 20 12 2 450
WB Right 36 144 9 1 300
NB Left 285 330 20 3 725
SB Left 0 0 0 0 0
EB Left 0 0 0 0 0
Sunshine Bivd. & I-10 WB WB Left 80 480 29 4 1,025
Ramps NB Right 0 0 0 0 0
SB Right 196 290 18 2 600
EB Right 0 0 0 0 0
WB Right 400 330 24 3 825
NB Left 0 0 0 0 0
SB Left 595 375 36 4 1,200
EB Left 300 220 18 2 600
. WB Left 0 0 0 0 0
Sunshine Blvd. & I-10 EB Ramps NB Right 165 315 19 3 700
SB Right 0 0 0 0 0
EB Right 180 320 20 3 725
WB Right 0 0 0 0 0
NB Left 0 0 0 0 0
SB Left 500 315 30 4 525
EB Left 401 280 25 3 850
WB Left 0 0 0 0 0
SR87 &SR 84 NB Right 0 0 0 0 0
SB Right 335 455 28 4 1,000
EB Right 0 10 1 1 100
WB Right 175 475 29 4 1,025
NB Left 0 0 0 0 0
SB Left 280 210 17 2 575
EB Left 0 0 0 0 0
- WB Left 120 45 8 1 275
SR 87 & Milligan Rd. NB Right 20 0 3 ] 150
SB Right 0 0 0 0 0
EB Right 0 0 0 0 0
WB Right 100 315 19 3 700
Page 2 % CivTech



Sunshine Industrial Park TIA Queue Length Analysis

Signalized Intersection
Total Traffic: ADOT Minimum and Desirable Queue Storage Calculations

2030
Left-Turn Lane Onlv!
Average Vehicle Length (ft): 25 Lane Width, W= 12 Taper Length, T = One Side Symmetrical
Cycle Length (sec): 120 esign Speed, S= 50 Speed >=45 600 300
Cycles per Hour: 30 Trucks > 10%? Y Speed < 45 mph

Taperlenath RTL = GAP.
Queue Storage Equations:
Queue Length = 2 x (vehicles/hour)/(cycles/hour) x average vehicle length
Storage Length = Queue Length + Minimum Braking Distance
Turn Lane Length = Storage Length — [Gap — 2/3 Gap]

Minimum Desired
Design Calcu- Design | Entering Braking Braking | Braking Braking
Speed 2/3 lated Speed | Speed Speed Distance| Speed Distance
(mph)  Gap (ft) Gap (ft) Gap (ft) (mph) | (mph) (mph) (ft) (mph) (ft)
< 40mph 60 40 20 30 20 20 20 29 80
40-50mph 90 60 30 35 25 25 40 34 115
>50mph 140 95 45 40 30 29 50 38 150

45 35 34 85 43 200
50 40 38 120 47 245
55 45 42 145 52 300

* Queue length: minimum queue length 60 50 47 200 56 360
is 2 vehicles (2 cars or 1 car+1 truck), 65 55 52 265 60 415
which can be reduced by 20 feet 70 60 56 315 64 490
for a free right tum movement. 75 65 61 400 70 585
Miniml_xrm Desired
Free- AM  Midday PM  Vehper Queue |Storage L:r:: Storage
Intersection Approach Flow Peak Peak Peak 2 Length | Length Length Length
Right? (veh/hr) (veh/hr)  (veh/hr) minutes  (ft)* (ft) p fg (ft)

NBLoh 350 5 564 38 050 1070 520 508
SB Left 30 0 34 3 85 205 175 330
EB Left 130 0 195 13 325 445 415 570
. WEB Left 130 0 90 9 225 345 315 470
Sunshine Bivd. & SR 84 " Rich—N 100 0 255 17 425 545 515 670
SBRigt N 115 0 150 10 250 370 340 495
EBRigt N __ 505 0 465 34 850 970 940 1095
WBRight N 21 0 56 4100 220 190 345
NB Left 585 0 330 22 550 670 640 795
SB Left
EB Lokt
Sunshine Bivd. & -I0WB  “WB Left 80 0 480 3 800 920 890 1045
Ramps NB Right
SBRigt N 196 0 290 20 500 620 590 745
EB Right
WB Right N 400 0 330 27 675 795 765 620
NB Left
SB Left 595 0 375 40 1000 1120 1090 1245
EB Left 300 0 220 20 500 620 590 745
Sunshine Bivd. & I-10 EB WB Left
Ramps NBRight N 165 0 315 21 525 645 615 770
SB Right
EBRight N 180 0 320 75 550 670 640 795
WB Right

CivTech
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Sunshine Industrial Park TIA Queue Length Analysis

Signalized Intersection
Total Traffic: ADOT Minimum and Desirable Queue Storage Calculations

2030
Left-Turn Lane Onlv!
NB Left
SB Left 500 0 315 34 850 970 470 548
EB Left 401 0 280 27 675 795 383 460
WB Left
SR 87 & SR 84 NB Right
SB Right N 335 0 455 31 775 895 865 1020
EB Right
WB Right N 175 0 475 32 800 920 890 1045
NB Left
SB Left 280 0 210 19 475 595 565 720
EB Left
- WB Left 120 0 45 8 200 320 290 445
SR 87 & Milligan Rd. NBRight N 40 0 40 3 85 205 175 330
SB Right
EB Right
WB Right N 100 0 315 21 525 645 615 770
Page 4 % CivTech
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SIGHT DISTANCE ANALYSIS
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COMMERCIAL SITE PLAN






(W)

APPENDIX J

MILLIGAN ROAD ABANDONMENT LETTER
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OFFICIAL RECORDS OF

PINAL COUNTY RECORDER
LAURA DEAN-LYTLE
WHEN RECORDED, RETURN TO: nagE/enas 10/31/07 1038
Mary Myers, City Clerk FEE; $11.00
City of Eloy PAGES: 2
FEE NUMBER: 2007-121046

628 North Main Street
Eloy, Arizona 85231

RESOLUTION NO.: 07-1091

A RESOLUTION OF THE MAYOR AND CITY COUNCIL OF THE
CITY OF ELOY, ARIZONA APPROVING A REQUEST BY EPS
‘GROUP, INC. ON BEHALF OF BRALU, LLC TO ABANDON
MILLIGAN ROAD BETWEEN SUNSHINE BOULEVARD AND LA
PALMA ROAD AT THE TIME THE CITY COUNCIL ACCEPTS
DATE STREET BETWEEN SUNSHINE BOULEVARD AND LA
PALMA ROAD FOR MAINTENANCE.

WHEREAS, Milligan Road will be replaced by the new Date Street alignment,
which intersects with Sunshine Boulevard and provides a much safer access into the

industrial park property; and

WHEREAS, the intersection of the new Date Street and La Palma Road
coincides with the existing intersection of Milligan Road and La Palma Road so no
change to that existing or future access is proposed with this abandonment request;

WHEREAS, all affected property owners and known utility companies have been
notified of the request and no negative responses have been made to the city; and

WHEREAS, there are no known active utilities in this portion of Miiligan Road
and all new utilities will be constructed with the new Date Street improvements.

NOW, THEREFORE, BE IT RESOLVED BY THE MAYOR AND CITY
COUNCIL OF THE CITY OF ELOY, ARIZONA, AS FOLLOWS:

Section 1. The Mayor and City Council of the City of Eloy, Arizona hereby
approves a request by EPS Group, Inc. on behalf of Bralu, LLC to abandon Milligan
Road between Sunshine Boulevard and La Palma Road at the time the city of Eloy
accepts Date Street between Sunshine Boulevard and La Palma Road for maintenance.

PASSED AND ADOPTED by the Mayor and City Council of the City of Eloy,
Arizona, this 27" day of August, 2007.

Resolution No.: 07-1091
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Driveway Spacing and Traffic Operations
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ABSTRACT

This paper reviews research studies relating traffic operations to access spacing, presents
results of specially conducted operations analyses at 22 sites in Connecticut, Illinois, New
Jersey, and New York, and sets forth emergent access spacing guidelines. The literature
review and operational analyses were performed as part of NCHRP Project 3-52—Impacts
of Access Management Techniques. Each site represented an unsignalized driveway for a
major traffic generator along a suburban arterial roadway without deceleration lanes.
Information was gathered on the number and percentage of through vehicles impacted by
right turns. The percentage of through vehicles impacted approximated 0.18 times the right-
turn volumes. The impact lengths of through vehicles were determined, and the influence
distances were computed. The results were then used to quantify the likely effects of
multiple driveways and to establish guidelines for deceleration lanes and access separation
distances. Access separation distances for various operating speeds and right-turn volumes
were based on the likelihood of minimizing spillback across an upstream driveway over a
series of driveways along a %-mile section of road. For example, to hold the spillback rate
to 20% for a 40-mph posted speed, a 285-foot spacing would be needed. When the
acceptable spillback rate is reduced to 5%, a 400-foot separation is required.

DISCLAIMER

The opinions and conclusions expressed or implied in this report are those of the research
agency that performed the research, and, while they have been accepted as appropriate by
the technical committee, they are not necessarily those of the Transportation Research
Board, the National Research Council, the American Association of State Highway and
Transportation Officials, or the Federal Highway Administration, U.S. Department of
Transportation.

INTRODUCTION

The spacing, location and design of access points influence traffic operations and safety.
Too many closely spaced street and driveway intersections increase delays, while too few
may inhibit access and over-concentrate traffic.

C-3/1
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This paper reviews research studies relating traffic operation and access spacing,
presents the results of specially conducted operational analysis, and sets forth emergent
guidelines for unsignalized access spacing. The literature review and operational
analyses were performed as part of NCHRP Project 3-52—Impacts of Access
Management Techniques (7).

OVERVIEW OF OPERATIONS EXPERIENCE

Several operational studies have attempted to quantify the travel time impacts associated
with access spacing through field observations or traffic simulations. There were five
studies conducted between 1962 and 1978, and four more recent studies.

The studies found that increasing the number of driveways (i.e., reducing driveway
spacing) along a section of highway increased delays and reduced roadway capacities.
The methods and results varied from study-to-study, and there were no “before and after”
studies. The field studies by Reilly et al. (7) and the simulations by McShane (/1) gave
generally consistent results. For driveway volumes of 600 per hour per mile, the Reilly
studies (for uninterrupted flow) showed a speed loss of 1.0 to 1.7 mph per driveway, while
the McShane simulations (for signalized arterials) suggested a 1.0 to 2.0 mph loss per
driveway.

OPERATIONS ANALYSIS

Special studies were conducted to identify how right turns entering a driveway affect
other drivers following in the same travel lane. The number of incidents was observed
when brake lights were activated or evasive maneuvers were taken by a through vehicle
following a right-turning vehicle. These observations served as surrogate measures for
the number of impacts.

The field investigations and analyses were conducted for 22 sites in Connecticut,
Illinois, New Jersey, and New York. Each site represented a major traffic generator along
a suburban arterial roadway. The arterials had no deceleration lane, and the driveways
were not signalized.

Information was gathered on the number and percentage of through vehicles
impacted by right turns. The impact lengths of through vehicles impacted were determined,
and, in turn, influence areas were computed. The results were used to quantify the effects of
multiple driveways and to develop inputs for establishing unsignalized access spacing
guidelines.

1. The number and percentage of through vehicles in the right lane that were
impacted by right-turn-in at a single driveway.

2. The percentage of through vehicles in the right lane that were impacted by right-
turn-in over a series of driveways.

3. The distances back from a single driveway entrance that cars began to be
impacted—the impact length—and the spatial distributions of impacted vehicles.

4. The “influence areas” or influence distances before (upstream of) a driveway
entrance. This involved adding perception-reaction distance and car length to the impact
length.
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5. The proportions of through vehicles in the right lane whose influence lengths
extended to or beyond at least one upstream driveway over a section of road (spillback

rate).
6. The variations of spillback rate by roadway operating speed.

Through Vehicles Impacted by Right Turns

The number and percentage of right (curb) lane through vehicles impacted by vehicles
turning right into an unsignalized driveway were obtained from field measurements. The
results were extended to assess the percentage of through vehicles in the right lane that
would be impacted over a series of driveways.

Single Driveways

Traffic volume and impact characteristics at each study site were obtained. The right-lane
volume ranged from about 245 to 820 vph, with an average of about 525 vph. The right-
turn-in volume ranged from about 10 to 245 vph, with an average of about 100 vph. The
percent of right-lane through vehicles impacted by right-turn-in ranged from about 2 to
over 45 percent, with an average of about 17 percent.

Figure 1 plots the percent of right lane through vehicles impacted as a function of
right-turn-in volumes. A good linear relationship exists with a coefficient of
determination (R?) of 0.78. The percentage of right lane through vehicles impacted was
about 0.18 times the right-turn-in volume.

Four classes of right-turn-in volumes were identified with the following impacts

at individual driveways.

Percent of Right Lane Through Vehicles

Right-Turn-In Volume (vph) That Were Impacted by Right Turn In
<30 2%
31-60 7%
61-90 12%
Over 90 22%
Multiple Driveways

The percentage of through traffic that would be impacted over a series of driveways in a
quarter-mile road section was derived by extending the preceding analysis through
probability analysis. The percentage of right-lane through vehicles being impacted at
least once per quarter mile was derived as follows. The probability of being impacted is
P,. The probability of the complement, not being impacted, is 1 — P,. The probability of
not being impacted for n driveways is (1 — P;)". If n is the number of driveways per
quarter mile, (1 — Py)" is the probability of not being impacted for a quarter-mile segment.
The complement of this, the probability of being impacted at least once per quarter mile,
P, isthen 1 —(1 —P)".

The results of these calculations are given in Figure 2. These values are independent
of speeds since they deal only with the percent of right-lane through vehicles impacted—
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FIGURE 1 Single driveway case: Impacts vs. right-turn-in-volume.

not how far back the impact area extends. Thus, if there was a driveway spacing of 100 feet
(i.e., 13.2 driveways per quarter mile) and a right-turn volume of 30 to 60 vph, about

64 percent of the through vehicles would be impacted. If the driveway spacing was
increased to 400 feet, 23 percent of the through vehicles would be impacted.

Driveway Impact Lengths

The information gathered from the 22 sites was analyzed to identify key patterns of driver
behavior. Frequency and cumulative frequency distribution curves were prepared of impact
lengths for each site. Figure 3 gives a composite picture of the cumulative distributions of
impact length for all sites. (The x-axis gives impact length and the y-axis gives the percent
of impacted vehicles that are impacted beyond a specified length.)

However, more important than the distribution of impacts lengths for impacted
vehicles is the distribution of impact lengths expressed in terms of the percentages of all
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FIGURE 2 Multiple driveway case: Vehicles impacted at least once
per quarter mile.

right-lane through vehicles, whether impacted or not. Four curves were derived for the
four classes of right-turn-in volumes. The composite cumulative frequency distribution of
impact lengths (Figure 3) was multiplied by the percent of right-lane through vehicles
that were impacted by right-turn-in movements for each class. The results are shown in
Figure 4 for the four ranges of right-turn-in volumes.

The curves can be used to estimate the percentage of through vehicles in the right
lane that would be impacted by right-turn-in traffic for various distances from a driveway
for each range of right-turn-in volumes.

e Thus, beyond a distance of 150 feet upstream from the driveway entrance, for a
right-turn-in volume greater than 90 vehicles per hour, about 7 percent of the right-lane
through vehicles would be impacted.

e Beyond a distance of 100 feet upstream of a driveway, for a right-turn-in volume
of 60 to 90 vehicles per hour, almost 7 percent of the right-lane through traffic would be
impacted. Beyond a distance of 200 feet, about 2 percent would be impacted.
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Note: Arterial posted speeds ranged from 30 to 45 mph for all sites, with an average of 35.6 mph. The
relationship between speed and impact length is discussed later.

FIGURE 3 Cumulative frequency distribution of impact lengths for all
impacted vehicles: Composite for all sites.

Driveway-Influence Lengths

425

The “influence lengths” or “distances” associated with various right-turn-in volumes and

driveway spacings were also established. They consist of three components: impact
length, car length, and perception-reaction distance:

1) The impact length was determined from field observations.

2) The car length was added because the field observations of impact lengths were
taken at the front of each car, and the influence length should be measured to the rear of a

vehicle. A value of 25 feet was used.
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FIGURE 4 Single driveway case: Cumulative frequency distribution of impact
lengths (posted speed = 30 mph).

3) The perception-reaction distance was based on a two-second reaction time that
is typical of suburban conditions. (This represents the average of the 1.5 seconds and
2.5 seconds that AASHTO specifies for urban and rural conditions, respectively.)

The equation for perception and reaction distance is:
d =147 St €))

where:

d = perception/reaction distance in feet
1.47 = the conversion factor from miles per hour to feet per second
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S = the speed in miles per hour
t = the reaction time in seconds.

A vehicle was considered to be influenced at or beyond another driveway if the
influence length was greater than or equal to the driveway spacing minus the driveway
width. Figure 5 shows the situation where the vehicle is not influenced at or beyond

A
Upstream Driveway D'way Width
A
a
Car Length
F \
Driveway
Spacing PIEV
Influence
Length
v
Impact Length
A 4 k 4

Study Driveway

When (Influence Length) < (Driveway Spacing) — (Driveway Width), spillback does not occur.
FIGURE 5 Influence length.
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another driveway (i.e., influence length is less than the driveway spacing minus the
driveway width).

Influence distances were computed based on an average running speed of 30 mph.
(Running speed is the travel distance divided by running time—the duration during which
a vehicle is in motion.) The resulting influence length (in feet) is:

Influence Length = Impact Length + Car Length + PIEV distance (2a)

Influence Length = Impact Length + 25 + 30(2)(1.468)
= Impact Length + 113 feet (2b)

Figure 6 shows the cumulative frequency distribution of influence lengths for the four
right-turn-in volume groups. It is similar to Figure 4, except that the curves are shifted
113 feet to the right to account for the above calculation. The posted speeds at the study
sites ranged from 30 to 45 mph, with an average of 35.6 mph. Therefore, to be
conservative, this figure was considered for posted speeds of 30 mph.

Multiple Driveways

The influence length curves were expanded to assess the effects of multiple driveways.
The results are shown in Table 1 for a posted speed of 30 mph. The first two columns
in this table show driveway spacing in increments of 25 feet, and the corresponding
number of driveways per quarter mile (defined as “n”). For each of the four right-turn-in
volume per driveway categories, P, is the probability of a vehicle being influenced at
or beyond another driveway for a single driveway condition. Figure 6 is used to get the
P, values for any given driveway spacing. Thus, for a 225-foot influence length (30 mph)
with more than 90 entering right turns per driveway, 10 percent of the through vehicles
would be influenced beyond this distance (Figure 6). When 30 feet are deducted for the
driveway width and the figure is reentered at an influence length of 195 feet, the
corresponding value for a single driveway is 14.7 percent. This is the value that is
entered as P, in Table 1 for R > 90 vph and a driveway spacing of 225 feet.

The probability of a right-lane through vehicle being influenced by right-turn-in at
least once per quarter mile is 1—(1-P,)".

Effects of Speed

The influence distance increases as speed increases. This is because driver behavior is
keyed to separation in time (as well as space) and because perception-reaction distance
increases as speed increases. The analysis found that the impact length was related to
speed and the distance from the upstream traffic signal.

(a) Impact Length Changes. The analysis established the following relationship
between speed, distance from upstream traffic signal, and impact length.

L = 0.361[(s — 30)° + s] + 0.050d + 86.073 (R* = 0.778) 3)
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FIGURE 6 Single driveway case: Cumulative frequency distribution
of influence lengths (posted speed = 30 mph).

where:

L = the mean impact length in feet.
= the running speed in mph (s = 30 mph).
d = the distance in feet from the nearest upstream traffic signal.

This equation was used to convert the mean impact length for any percentile from a
running speed of 30 mph to other speeds. The running and posted speeds were
considered to be comparable for purposes of calculating impact lengths and influence
areas.

Solving the equation for “d” yields a value of 1,142 feet. Substituting different
speed values into the equation while holding “d” constant yields their corresponding
mean impact lengths. Dividing these numbers by 154 feet, the mean impact length for a
posted speed of 30 mph gives a factor for converting impact lengths at any percentile
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TABLE 1 Spillback Rates: Percentage of Right Lane Through Vehicles
Influenced at or Beyond Another Driveway (Posted Speed = 30 mph)

Right-Turn-In Volume per Driveway, R (vph)
R <30 30 <R <60 60 < R <90 R > 90
D'way | No. of | Single | Multiple | Single| Multiple | Single | Multiple | Single| Multiple
Spacing | D'ways | D'way,|D'ways, At]|D'way,|D'ways, At] D'way,|D'ways, At] D'way,| D'ways, At
(ft) | per 1/4 P, |Least Once] P, |Least Once] P, |Least Once} P, |Least Once
Mi., per 1/4 per 1/4 per 1/4 per 1/4
n Mi., Mi., Mi., Mi.,
1-1-Py)" 1-1-Py)" 1-(1-Py)° 1-(1-P)"
100 13.2 2.4% 27.3% 7.5% 64.2% 12.2% 82.1% 21.8% 96.1%
125 10.6 2.4% 22.5% 7.5% 56.0% 12.2% 74.7% 21.8% 92.5%
150 8.8 2.4% 19.0% 7.5% 49.4% 12.2% 68.1% 21.7% 88.4%
175 7.5 2.3% 16.1% 7.2% 43.1% 11.8% 61.1% 21.0% 83.1%
200 6.6 2.1% 13.0% 6.6% 36.1% 10.7% 52.6% 19.1% 75.3%
225 5.9 1.6% 9.1% 5.0% 26.2% 8.2% 39.6% 14.7% 60.7%
250 5.3 1.2% 6.0% 3.6% 17.8% 5.9% 27.6% 10.6% 44.7%
275 4.8 0.9% 4.0% 2.7% 12.2% 4.4% 19.3% 7.8% 32.3%
300 4.4 0.6% 2.8% 2.0% 8.6% 3.3% 13.8% 5.9% 23.5%
325 4.1 0.5% 1.9% 1.5% 5.9% 2.4% 9.4% 4.3% 16.3%
350 3.8 0.3% 1.2% 1.0% 3.7% 1.6% 6.0% 2.9% 10.5%
375 3.5 0.2% 0.7% 0.6% 2.2% 1.0% 3.6% 1.9% 6.4%
400 33 0.1% 0.4% 0.4% 1.4% 0.7% 2.2% 1.2% 3.9%
425 3.1 0.1% 0.3% 0.3% 0.8% 0.4% 1.3% 0.7% 2.3%
450 29 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

for a posted speed of 30 mph to impact lengths at the same percentile for any other
speed. The results are shown below.

Posted Speed (mph) Mean Impact Length (feet) Factor
30 154 1.00
35 164 1.07
40 194 1.26
45 241 1.56
50 306 1.98
55 389 2.52

Speed Ratio
1.00
1.17
1.33
1.50
1.67
1.83
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Thus, to transform the 30 mph impact length curve to that for any other speed, the impact
length for each percentile should be multiplied by the factor given above. Alternatively,
impact lengths could be estimated based on the ratio of the observed speed to 30 mph;
these indices are also shown.

(b) PIEV Distance and Car Length. The car length remains constant, but the PIEV
distances increase with speed. The resulting values are as follows:

Posted Speed (mph) PIEV Distance
30 88
35 103
40 117
45 132
50 147
55 161

Accordingly, a series of tables were prepared that show the likelihood of spillback across
driveways for various posted speeds, right-turn lane volumes and driveway spacings.
These tables provide a means of assessing impacts where a driveway is added, closed, or
consolidated. This involves comparing the percentages of vehicles extending across a
driveway for speed and right-turn volumes for the before and after conditions. The
information may be used to identify the cumulative impact of decisions concerning
driveway location and unsignalized access spacing.

Comparison of Results

Table 2 gives unsignalized driveway spacings for various speeds, right-turn-in volumes,
and “spillback” percentages. (Spillback is defined as the incidence of a right-lane through
vehicle being influenced at or beyond the driveway upstream of the analysis driveway. It
occurs when the influence length is greater than the driveway spacing minus the driveway
width. The spillback rate represents the percentage of right-lane through vehicles that
experience this occurrence.) The table also shows the New Jersey and Colorado access
spacing standards for comparative purposes.

The more liberal the standard (i.e., the greater the percentage of vehicles
influenced at or beyond another driveway), the shorter the required driveway spacing.
Similarly, the lower the assumed right-turn volumes (average per driveway), the shorter
the allowable spacing.

APPLICATION OF FINDINGS

The preceding analyses can be used to establish guidelines for deceleration lanes and
unsignalized access spacing.

Deceleration Lanes

Right-turn deceleration lanes are desirable to remove turning vehicles from through travel
lanes, thereby reducing speed differentials and minimizing delays to through vehicles.



TABLE 2 Unsignalized Access Spacing Comparisons

Possible Spacing Guideline Based Upon

Posted Existing Spacing Maximum Allowable Spillback Rate

Speed Standards (ft) 2 % Allowed 5 % Allowed

Limit | New Jersey | Colorado Right Turn In Vol. per D'way, R (vph) Right Turn In Vol. per D'way, R (vph)

(mph) DOT DOT R <30 | 30<R<60 | 60<R<90 | R>90 | R <30 | 30<R<60 | 60<R<90 | R> 90
30 125 200 320 380 405 430 260 335 360 385
35 150 250 345 405 435 460 280 355 385 415
40 185 325 380 460 490 520 305 400 430 465
45 230 400 430 530 565 610 340 450 495 540
50 275 475 490 620 665 725 380 520 575 630
55 330 550 550 725 780 855 420 590 665 740

Possible Spacing Guideline Based Upon

Posted Existing Spacing Maximum Allowable Spillback Rate

Speed Standards (ft) 10 % Allowed 15 % Allowed

Limit | New Jersey | Colorado Right Turn In Vol. per D'way, R (vph) Right Turn In Vol. per D'way, R (vph)

(mph) DOT DOT R <30 | 30<R<60 | 60<R<90| R>90 | R<30 [ 30<R<60 | 60<R<90 | R> 90
30 125 200 220 290 320 355 185 260 295 320
35 150 250 235 310 345 380 190 280 315 355
40 185 325 250 340 380 420 195 305 345 390
45 230 400 270 380 430 485 195 340 385 445
50 275 475 285 425 490 560 195 380 435 510
55 330 550 290 480 550 645 195 420 490 580

Possible Spacing Guideline Based Upon

Posted Existing Spacing Maximum Allowable Spillback Rate

Speed Standards (ft) 20 % Allowed 25 % Allowed

Limit | New Jersey | Colorado Right Turn In Vol. per D'way, R (vph) Right Turn In Vol. per D'way, R (vph)

(mph) DOT DOT R <30 | 30<R<60 | 60<R<90 | R>90 | R<30 | 30<R<60 | 60<R<90 | R > 90
30 125 200 140 245 270 310 110 230 255 295
35 150 250 140 260 290 330 110 245 275 315
40 185 325 140 285 320 370 110 265 300 345
45 230 400 140 315 355 410 110 290 335 385
50 275 475 140 345 400 470 110 315 370 435
55 330 550 140 380 445 530 110 330 415 495
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The percentage of through vehicles in the right lane that must slow down or change lanes
provides one possible basis for establishing the need for right-turn lanes.

For arterial right-lane volumes of 250 to 800 vph, the percentage of through
vehicles impacted was about (.18 times the right-turn volume. This results in the
following impacts that can provide a basis for providing right turn lanes.

% Right-Lane Through Right-Turn-In Volume
Vehicles Impacted vph (Approximate)
0% 0
2% 10
5% 30
10% 60
15% 85
20% 110

A criterion of 2 percent impacted suggests a minimum right-turn volume of 10 vph, and
may be applicable in certain rural settings. A criterion of 10 percent impacted suggests a
minimum of approximately 60 vph. A criterion of 20 percent suggests a right-turn
volume of 110 vph. The latter criterion may be applicable in certain urban areas. The
length of the deceleration lane is a function of the impact length and storage
requirements.

Access Separation Distances

Both operational and safety considerations should govern unsignalized access spacing.
A third consideration is the access classification of the roadways involved.

Figure 7 compares the access separation distances for a range of spillback rates with
the standards for Colorado and New Jersey, and AASHTO standards. Except for posted
speeds of less than 40 mph, the resulting values for spillback rates of 10 to 20 percent fall
between the New Jersey and Colorado (AASHTO safe stopping sight distance) criteria.

Access separation distances, based on an average driveway volume of 30 to 60 vph,
are shown in Table 3 for spillback rates of 5, 10, 15, and 20 percent. For the lower speeds of
30 and 35 mph, the access separation distance shown is based on the safety considerations—
major roadways should not have more than 20 to 30 connections per mile (both directions).
For a posted speed of 40 mph, the access spacing would range from 285 feet to 400 feet
depending upon which spillback rate was selected. For a posted speed of 50 mph, the access
spacing would range from 520 feet to 345 feet depending on the spillback rate.

Policy Guidelines

Access separation distances should be established as part of access management
programs, route retrofit plans, and community zoning ordinances. Ideally, direct property
access from strategic and principal arterials should be provided only where reasonable
access cannot be provided from other roadways. Whenever access is provided, spacing
should be adequate to maintain safety and minimize impacts. The separation distances set
forth in this paper can provide guidance in this effort.
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TABLE 3 Access Separation Distances (Feet) Based on Spillback Rate*

Posted Speed(mph) SPILLBACK RATE#**
5% 10% 15% 20%
30 335 265 (a) 210 (b) 175 (c)
35 355 265 (a) 210 (b) 175 (c)
40 400 340 305 285
45 450 380 340 315
50 520 425 380 345
55 590 480 420 380

(a) Based on 20 driveways per mile.
(b) Based on 25 driveways per mile.
(c)Based on 30 driveways per mile.
*Based on an average of 30 to 60 right turns per driveway.

**Spillback occurs when a right-lane through vehicle is influenced by right-turn-in to or beyond a
driveway upstream of the analysis driveway. The spillback rate represents the percentage of
right-lane through vehicles experiencing this occurrence.
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Guidance:

The combination of Conditions A and B is intended for application at locations where Condition A is not
satisfied and Condition B is not satisfied and should be applied only after an adequate trial of other alternatives
that could cause less delay and inconvenience to traffic has failed to solve the traffic problems.

Standard:
The need for a traffic control signal shall be considered if an engineering study finds that both of the
following conditions exist for each of any 8 hours of an average day:
A. The vehicles per hour given in both of the 80 percent columns of Condition A in Table 4C-1 exist
on the major-street and the higher-volume minor-street approaches, respectively, to the

intersection; and
B. The vehicles per hour given in both of the 80 percent columns of Condition B in Table 4C-1 exist

on the major-street and the higher-volume minor-street approaches, respectively, to the
intersection.
These major-street and minor-street volumes shall be for the same 8 hours for each condition; however,
the 8 hours satisfied in Condition A shall not be required to be the same 8 hours satisfied in Condition B.
On the minor street, the higher volume shall not be required to be on the same approach during each of
the 8 hours.
Option:

If the posted or statutory speed limit or the 85th-percentile speed on the major street exceeds 70 km/h or
exceeds 40 mph, or if the intersection lies within the built-up area of an isolated community having a population
of less than 10,000, the traffic volumes in the 56 percent columns in Table 4C-1 may be used in place of the 80
percent columns.

Section 4C.03 Warrant 2, Four-Hour Vehicular Volume

Support:
The Four-Hour Vehicular Volume signal warrant conditions are intended to be applied where the volume of
intersecting traffic is the principal reason to consider installing a traffic control signal.

Standard:

The need for a traffic control signal shall be considered if an engineering study finds that, for each of
any 4 hours of an average day, the plotted points representing the vehicles per hour on the major street
(total of both approaches) and the corresponding vehicles per hour on the higher-volume minor-street
approach (one direction only) all fall above the applicable curve in Figure 4C-1 for the existing
combination of approach lanes. On the minor street, the higher volume shall not be required to be on the
same approach during each of these 4 hours.

Option:

If the posted or statutory speed limit or the 85th-percentile speed on the major street exceeds 70 km/h or
exceeds 40 mph or if the intersection lies within the built-up area of an isolated community having a population
of less than 10,000, Figure 4C-2 may be used in place of Figure 4C-1.

Section 4C.04 Warrant 3, Peak Hour

Support:

The Peak Hour signal warrant is intended for use at a location where traffic conditions are such that for a
minimum of 1 hour of an average day, the minor-street traffic suffers undue delay when entering or crossing the
major street.

Standard:

This signal warrant shall be applied only in unusual cases, such as office complexes, manufacturing
plants, industrial complexes, or high-occupancy vehicle facilities that attract or discharge large numbers
of vehicles over a short time.

The need for a traffic control signal shall be considered if an engineering study finds that the criteria
in either of the following two categories are met:

A. If all three of the following conditions exist for the same 1 hour (any four consecutive 15-minute

periods) of an average day:

1. The total stopped time delay experienced by the traffic on one minor-street approach (one
direction only) controlled by a STOP sign equals or exceeds: 4 vehicle-hours for a one-lane
approach; or 5 vehicle-hours for a two-lane approach, and

Sect. 4C.02 to 4C.04 November 2003
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Figure 4C-1. Warrant 2, Four-Hour Vehicular Volume

500 [ I | | [ |
\\<2 OR MORE LANES & 2 OR MORE LANES

400 ~\ h PE OR MORE LANE&I‘, &1 LA;NE
€L N N 1 LANE & 1 LANE
300 < \/\ ~N 4
~d /\
\< T~

00 ~— ~—— 115
— %

300 400 500 600 700 800 900 1000 1100 1200 1300 1400

MAJOR STREET—TOTAL OF BOTH APPROACHES—
VEHICLES PER HOUR (VPH)
*Note: 115 vph applies as the lower threshold volume for a minor-street

approach with two or more lanes and 80 vph applies as the lower
threshold volume for a minor-street approach with one lane.

Figure 4C-2. Warrant 2, Four-Hour Vehicular Volume (70% Factor)
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2. The volume on the same minor-street approach (one direction only) equals or exceeds 100
vehicles per hour for one moving lane of traffic or 150 vehicles per hour for two moving lanes,
and

3. The total entering volume serviced during the hour equals or exceeds 650 vehicles per hour for
intersections with three approaches or 800 vehicles per hour for intersections with four or more
approaches.

B. The plotted point representing the vehicles per hour on the major street (total of both approaches)
and the corresponding vehicles per hour on the higher-volume minor-street approach (one
direction only) for 1 hour (any four consecutive 15-minute periods) of an average day falls above
the applicable curve in Figure 4C-3 for the existing combination of approach lanes.

Option:

If the posted or statutory speed limit or the 85th-percentile speed on the major street exceeds 70 km/h or
exceeds 40 mph, or if the intersection lies within the built-up area of an isolated community having a population
of less than 10,000, Figure 4C-4 may be used in place of Figure 4C-3 to satisfy the criteria in the second
category of the Standard.

Section 4C.05 Warrant 4, Pedestrian Volume

Support:
The Pedestrian Volume signal warrant is intended for application where the traffic volume on a major street
is so heavy that pedestrians experience excessive delay in crossing the major street.

Standard:

The need for a traffic control signal at an intersection or midblock crossing shall be considered if an
engineering study finds that both of the following criteria are met:

A. The pedestrian volume crossing the major street at an intersection or midblock location during an

average day is 100 or more for each of any 4 hours or 190 or more during any 1 hour; and

B. There are fewer than 60 gaps per hour in the traffic stream of adequate length to allow pedestrians

to cross during the same period when the pedestrian volume criterion is satisfied. Where there is a
divided street having a median of sufficient width for pedestrians to wait, the requirement applies
separately to each direction of vehicular traffic.

The Pedestrian Volume signal warrant shall not be applied at locations where the distance to the
nearest traffic control signal along the major street is less than 90 m (300 ft), unless the proposed traffic
control signal will not restrict the progressive movement of traffic.

If this warrant is met and a traffic control signal is justified by an engineering study, the traffic control
signal shall be equipped with pedestrian signal heads conforming to requirements set forth in Chapter 4E.

Guidance:
If this warrant is met and a traffic control signal is justified by an engineering study, then:
A. If at an intersection, the traffic control signal should be traffic-actuated and should include pedestrian

detectors.
B. If at a nonintersection crossing, the traffic control signal should be pedestrian-actuated, parking and other

sight obstructions should be prohibited for at least 30 m (100 ft) in advance of and at least 6.1 m (20 ft)
beyond the crosswalk, and the installation should include suitable standard signs and pavement

markings.

C. Furthermore, if installed within a signal system, the traffic control signal should be coordinated.
Option:

The criterion for the pedestrian volume crossing the major roadway may be reduced as much as 50 percent if
the average crossing speed of pedestrians is less than 1.2 m/sec (4 ft/sec).

A traffic control signal may not be needed at the study location if adjacent coordinated traffic control signals
consistently provide gaps of adequate length for pedestrians to cross the street, even if the rate of gap occurrence
is less than one per minute.

Section 4C.06 Warrant 5, School Crossing

Support:
The School Crossing signal warrant is intended for application where the fact that school children cross the
major street is the principal reason to consider installing a traffic control signal.

Sect. 4C.04 to 4C.06 November 2003



