KI TT E LS O N 1429 Walnut Street, Suite 800

Philadelphia, PA 19102

8( ASSOC'ATES P 267.551.3447 F 503.273.8169

MEMORANDUM

May 29, 2025 Project #: 30274.000
To:  Marilyn J. Smith, MPA SPHR
Executive Director
Dover Kent MPO
302.387.6030
From: Barbara Mosier, PE, PTOE and Jeff Riegner, PE, AICP, PTOE, RSP1
RE: SR 1 at SR 9 Truck Study

Introduction

The Delaware Department of Transportation (DelDOT) has reported concerns regarding heavy vehicles on
southbound SR 1 just north of the SR 9 interchange, adjacent to Dover Air Force Base. This highway segment
has full access control with one exception: a right-in, right-out driveway accessing borrow pits and two asphalt
facilities on the west side of the highway. This use was in place prior to conversion of SR 1 to limited access and
remains in place, as there is no reasonable alternative access point.

The vehicles entering and exiting the site are loaded trucks that are unable to accelerate quickly to enter the
southbound through lanes of SR 1. This is concerning for trucks making two movements: (1) from SR 1
northbound to the borrow pits, making a U-turn at the Old Lebanon Road interchange, and (2) from the borrow
pits to SR 9 northbound or to SR 1 northbound, making a U-turn at the SR 9 interchange. The second movement
is more challenging because trucks leaving the borrow pits are typically fully loaded, further limiting their ability
to accelerate to highway speeds.

The purpose of this study is to evaluate the feasibility of converting the right shoulder of southbound SR 1 to
an auxiliary lane for approximately 1.3 miles, between the Old Lebanon Road and SR 9 interchanges. This would
allow trucks traveling from the borrow pits to the SR 9 off-ramp, to avoid merging with through traffic and
provide a longer merge distance for trucks continuing southbound on SR 1.
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Existing Conditions

SITE LOCATION

The site is located at 3700 Bay Road in Dover, Delaware and currently occupied by Pennsy Supply, Inc., Tri
County Materials, and Allan Myers Materials. Site access is located on Bay Road (SR 1) approximately 4,000-feet
downstream from Old Lebanon Road ramp to the northwest and 2,770-feet upstream from SR 9 ramp to the
southeast. Site access is a right-in, right-out configuration. Figure 1 contains the site location map.

SITE OPERATIONS

The site faces challenges with truck acceleration and highway merging due to access configuration and
operational constraints. Fully loaded trucks, often weighing up to 72,000 Ibs., have difficulty gaining sufficient
speed on the access road and existing auxiliary lane. The auxiliary lane leading out of site is approximately 950-
feet long, which is insufficient for heavy vehicles to merge safely. Drivers attempt to navigate an outbound curve
at high speeds to maintain momentum, which sometimes leads to material spillage.

The highway access point, which previously included a traffic signal at Route 9 until its removal in 2009, has
improved but still requires longer acceleration and deceleration lanes to accommodate the heavy truck traffic.
The site’s operator reported that during peak summer months, the merging challenge intensifies as increased
car traffic often uses the acceleration lane, creating additional lane-sharing conflicts. While the site's traffic
patterns and volume fluctuate seasonally, longer acceleration and deceleration lanes remain a critical need to
improve truck safety and merging efficiency on the highway.

Businesses on the site typically operate from 6 A.M. until 4 P.M., Monday through Friday, though asphalt
operations do take place overnight and on weekends to support overnight and weekend paving projects as
needed.

DEPTH OF PAVEMENT

Kittelson reviewed the Specification and Construction Plans for SR-1, Delaware Air Force Base Golf Course to
Main Gate, dated June 8, 1998, to determine depth of pavement along the subject corridor. Although the subject
site is present along the construction corridor in this plan-set, plans indicate that the shoulder pavement depth
was not changed at this time. In conversations with individuals involved in that project at the time, it was
determined that the shoulder was paved under an earlier project, and as-builts are not available. Thus, DelDOT
will need to conduct core sampling of the shoulder at various points along the corridor to confirm whether the
existing pavement depth is sufficient for conversion to an auxiliary lane.
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SITE VISIT

Kittelson conducted a site visit on Tuesday, August 27, 2024, to evaluate the current traffic operations at the
site access point and surrounding corridor. The right-in entrance was noted to be short for deceleration
(approximately 450-feet) and narrow. Tire marks are highly visible at the end of the auxiliary lane, further
suggesting that the length of the deceleration lane may be inadequate, as trucks must enter the site at a higher
than desirable speed. Additionally, the edge of pavement striping does not continue for the entirety of the
auxiliary lane.

At the right-out exit, it was observed that trucks use a wide turning radius in an attempt to maintain speed prior
to entering the southbound auxiliary lane. This movement involves crossing into the site entrance lane and has
potential to cause conflicts between incoming and outgoing truck traffic. Trucks displayed a clear difficulty
reaching adequate speeds to merge into the SR 1 through lanes, forcing drivers to balance between accelerating
and finding proper space to merge safely.

Observations of the southbound right-of-way showed no immediate obstacles. Fixed objects, such as signage
and overhead lights, are adequately set back from the roadway.
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Data Collection

Imperial Traffic & Data Collection, LLC conducted data collection services for both turning movements and
vehicle speeds. Data was collected over a three-day period from Tuesday, August 20, 2024, to Thursday, August
22, 2024, using Automatic Traffic Recorders (ATR). One (1) ATR was deployed at the site access point to record
movements of vehicles entering and exiting the site; five (5) ATRs were located along the southbound auxiliary
lane and southbound through lanes to record truck speeds exiting the site; one (1) ATR was used at the SR 9
exit to understand truck distribution.

VOLUMES

The study corridor along SR 1 has an annual average daily traffic (AADT) volume of 39,893. Regarding site
traffic, the peak daily traffic was observed to be 211 vehicles entering the site, and 215 vehicles exiting the
site. This includes 187 and 192 trucks, respectively.

BayRoad AADT = 39,893
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Figure 2. Site Turning Movements

SITE TURNING MOVEMENTS

An ATR was placed at the site access point to capture vehicle movements entering and exiting the site. Figures
3 and 4 show site vehicle movements of daily peak traffic recorded Wednesday, August 21, 2024. Vehicles
counts are separated into light vehicles, trucks, and buses. Appendix A compiles a complete record of site
vehicle movements from August 20 through August 22.
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Daily Peak Vehicles Entering Site
Wednesday, August 21, 2024
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Figure 3. Daily Peak Vehicles Entering Site

Daily Peak Vehicles Exiting Site
Wednesday, August 21, 2024
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Figure 4. Daily Peak Vehicles Exiting Site
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TRUCK SPEED

ATRs and radar recorders were placed at five (5) locations along the southbound SR 1 auxiliary and through
lanes to record truck speeds throughout the study corridor. ATR speed check locations are illustrated in Figure
6. Cameras were also placed along the corridor to match vehicle types with corresponding speed data. Video
was recorded on Wednesday, August 21, 2024, from 8:00 A.M. to 11:00 A.M. and 12:00 P.M. to 3:00 P.M. This
review produced a sample of 139 trucks, which are tabulated in Appendix B. The average speeds at each
location are shown in Figure 5.
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Figure 5. Average Trucks Speeds at ATR Locations

The chart shows average truck speeds measured at five locations along SR 1, starting from the site egress and
extending to 2,150 feet away. Trucks accelerate from an average speed of 24 MPH at 200 feet from the site to
33 MPH at 440 feet. At Location 3, 1,030 feet from the site, trucks reach an average speed of 40 MPH. This marks
the end of the site’s right-out auxiliary lane, where trucks must merge into the southbound through lanes.
However, at this point, trucks are traveling significantly slower than the highway's posted speed of 60 MPH.
Further along the route, trucks continue to accelerate, reaching an average of 47 MPH at 1,610 feet and only
achieving 55 MPH at 2,150 feet from the site.

This gradual acceleration presents a safety concern, as trucks are unable to reach highway speeds in time to
merge at Location 3. With an average merging speed of 40 MPH, trucks face potential hazards from faster-
moving vehicles on SR 1, increasing the likelihood of merging conflicts and reducing overall safety for both
truck drivers and other road users.
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DISTRIBUTION

A sixth ATR was posted at the southbound exit ramp of the SR 9 interchange to capture the directional
distribution of truck traffic from the site. Cameras were placed on Bayside Drive to confirm trucks were using
the exit to travel northbound on SR 1. As shown in Figure 6, of the 139 sampled trucks, 60 (43%) exited at the
SR 9 interchange and the remaining 79 trucks (57%) continued southbound on SR 1.

During this period an additional 147 vehicles used the interchange to turn from southbound SR 1 to northbound
SR 1. Though vehicles making this movement may have other destinations, presumably many are bound to the
Dover Air Force Base commercial access located off northbound SR 1, north of the SR 9 interchange. Of those
vehicles, 73 were hauling and dump trucks not affiliated with the borrow pits. In total, 133 trucks used the
interchange.
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Figure 6. Site Turning Movements and Truck Origin-Destination Movements
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Crash Data

Kittelson requested crash data from the most recent five years from DelDOT via the Delaware Crash Analysis
Reporting System to identify any existing intersection deficiencies and safety concerns. The crash data listed all
crashes from January 1, 2019, to December 31, 2023.

The crash data included all crashes along SR 1 between the interchanges at Old Lebanon Road and SR 9. Crashes
at ramps and terminal intersections were also included in the data set. Kittelson sorted data to review only
southbound crashes along SR 1 between the site access point and SR 9 interchange. Additionally, only crashes
during the subject site's operational hours between 6 AM. and 4 P.M on Monday through Friday were
considered. Alcohol related crashes were also removed from the data set.

It was found that ten (10) crashes, listed in Table 1, occurred in the five-year period under these parameters.
Seven (7) crashes were not a collision between two vehicles. The remaining three (3) crashes were
sideswipe/same direction collisions. These crashes involved unknown circumstances, driver inattention, and an
improper lane change, and occurred in April 2019, April 2023, and September 2023, respectively. None of these
three crashes involved a documented injury or fatality.

Vehicle classification is not included in this data set. Thus, it is unknown whether these crashes involved trucks,
buses, or light vehicles. It is possible that lower speed trucks merging into the flow of traffic contributed to these
sideswipe crashes, but that cannot be shown using this data. A complete record of the crash data provided can
be found in Appendix C.
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Table 1. SR 1 Corridor Crashes
Date Classification Code Impact Driver Action Injuries Fatality
P ty D
4/22/2019 roperoynl amage Sideswipe/Same Direction Unknown 0 0
y
Property Damage | Not a collision between two
7/3/2019 . Other 0 0
Only vehicles
7/24/2020 Property Damage | Not a coIIisior.1 between two Other 0 0
Only vehicles
1/3/2022 Property Damage | Not a coIIisior.1 between two | Driving in a careless 1 0
Only vehicles or reckless manner
5/23/2002 Property Damage | Not a coIIisior_1 between two Unknown 0 0
Only vehicles
Property Damage | Not a collision between two . .
11/10/2022 . Animal in roadway 0 0
Only vehicles
Property Damage | Not a collision between two .
3/28/2023 . Mechanical defects 0 0
Only vehicles
P ty D Dri inattenti
472072023 | ' OPEMY PAMAGE | g0 vipe/Same Direction | o narention, 0 0
Only distraction, or fatigue
P ty D I |
9/27/2023 | 'OPEIY FAMAGE | e cwipe/Same Direction | P oPe ane 0 0
Only change
P ty D Not llision bet t
10/13/2023 | ' OPerY Pamage | ot a cotlision BEMEEN TWO | \1o chanical defects 0 0
Only vehicles
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Auxiliary Lane Analysis

Auxiliary Lane Analysis

SPEED AND DISTANCE

The American Association of State Highway and Transportation Officials’ (AASHTO) A Policy on Geometric
Design of Highway and Streets, 7t Edition, provides guidance on the design of acceleration lanes for sites with
parallel-type entrances in Section 10.9.6.5. Guidance states that for design speeds of 65 MPH, vehicles require
1,410 feet to merge. The existing distance of the right-out auxiliary lane, from the point of tangent to the
beginning of the merging taper, is approximately 900 feet.

Table 2. Minimum Acceleration Lane Lengths for Entrance Terminals with Flat Grades less Than 3

Percent (Table 10-4. A Policy on Geometric Design of Highway and Streets, 2018)

U.S. Customary
Acceleration Lane Length, L, (ft) for Design Speed of Controlling Feature on Ramp, V*(mph)
. Stop
Highway Condition 15 20 25 30 35 40 45 50

Design | Merge Average Running Speed (i.e., Initial Speed) at Controlling Feature on Ramp,

Speed, Speed, V' (mph)

V(mph) | V, (mph) 0 14 18 22 26 30 36 40 44
30 23 180 140 - - - - - - -
35 27 280 220 160 — — - - - o
40 3 360 300 270 210 120 — — — —
45 35 560 490 440 380 280 160 - - B
50 39 720 660 610 550 450 350 130 - -
55 43 960 900 810 780 670 550 320 150 —
60 47 1200 1140 1100 1020 910 800 550 420 180
65 50 1410 1350 1310 1220 1120 1000 770 600 370
70 53 1620 1560 1520 1420 1350 1230 1000 820 580
75 55 1790 1730 1630 1580 1510 1420 1160 1040 780
80 57 2000 1900 1800 1750 1680 1600 1340 1240 980

Note: Uniform 50:1 to 70:1 tapers are recommended where lengths of acceleration lanes exceed 1,300 ft.
V = design speed of highway (mph)
V. = merge speed (mph)
V' = design speed of controlling feature on ramp (mph)
V' = average running speed (i.e., initial speed) at controlling feature on ramp (mph)
L, = acceleration lane length (ft)
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CONCEPT PLAN

Figure 7 presents a concept plan for roadway improvements designed to enhance safety and efficiency for both
southbound and northbound trucks. This plan involves restriping the existing shoulder to create a continuous
auxiliary lane linking the site's right-out exit with the SR 9 auxiliary lane. This continuous auxiliary lane would
allow northbound trucks to bypass merging into the southbound through lanes entirely, enabling them to
proceed directly to the SR 9 exit without interruption. For southbound trucks, the extended lane provides
additional distance for acceleration, allowing safer merging into the southbound through lanes. The proposed
lane length is approximately 2,780 feet.

It is to be noted that the construction of a continuous lane creates the potential for weaving conflicts as trucks
merge into the southbound through lanes and southbound vehicles attempt to exit at the SR 9 interchange;
however, the length of the lane should allow adequate distance for trucks to merge prior to these conflicts.

COST ANALYSIS

Construction costs are influenced by various factors, such as topography and the existing depth of pavement.
Accordingly, two planning-level cost estimates have been prepared. The first estimate, which assumes the
existing pavement section is adequate for truck traffic, includes only milling and overlay of the existing shoulder,
with a total estimated cost of approximately $300,000. The second estimate assumes full-depth reconstruction,
resulting in a total estimated cost of just over $1,000,000. Both estimates account for the installation of a
guardrail along the entire length of roadway improvements due to the reduction in shoulder width and include
necessary updates to signage and striping. Detailed itemized cost estimates are provided in Appendix D.

NEXT STEPS IF ADVANCED

If this project is advanced, the following is a summary of next steps:

» Pavement core sampling to determine the need for full-depth reconstruction

e Further evaluation of similar treatment to extend the right-turn inbound auxiliary lane

¢ Based on comment from DelDOT, consider Highway Safety Manual analysis of the impact of the lane
extension

e Detailed design and engineering, refining assumptions made for signage, guardrail, pavement depth
and width and other design and cost details.
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Conclusion

Trucks exiting the site onto SR 1 face significant challenges in safely merging due to their inability to reach the
highway's posted speed of 60 MPH within the existing auxiliary lane. This results in an unsafe merging
environment, as trucks enter the highway at lower speeds, leading to potential conflicts with faster moving
vehicles. Key evidence of these challenges includes:

e Trucks reach only 40 MPH on average when merging into the southbound through lanes on SR 1,
significantly below the posted speed.

« The existing right-out acceleration lane is approximately 900 feet long, which is insufficient for a design
speed of 65 MPH and a safe merge speed of 50 MPH, per AASHTO.

Proposed improvements to the roadway aim to enhance safety and streamline truck movement. By restriping
the shoulder to create a continuous auxiliary lane connecting the site’s right-out exit with the SR 9 ramp,
northbound trucks would no longer need to merge into southbound lanes, allowing direct access to the SR 9
interchange. For southbound trucks, the extended auxiliary lane would provide additional space to accelerate
before merging, improving safety and reducing the likelihood of merging conflicts. These changes are expected
to improve both safety and traffic flow, addressing immediate site needs and supporting long-term efficiency
in this high-traffic corridor.
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Appendix A Turning Movements
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Appendix B Truck Speeds
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