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EXECUTIVE SUMMARY

The Interstate 229 (1-229) Corridor through the City of Sioux Falls is a critical traffic
corridor that provides access to the expanding east side and allows access to
downtown. The I-229 Major Investment Study (MIS) allows the City of Sioux Falls, the
Sioux Falls Metropolitan Planning Organization, the South Dakota Department of
Transportation, adjacent landowners, and area users to help determine the vision of the
corridor. The [-229 Exit 9 (Benson Road) Crossroad Corridor Study is a subset of the |-
229 MIS.

This study assesses existing and future conditions at the 1-229 interchange at Exit 9
(Benson Road) and along Benson Road from Cliff Avenue to Sycamore Avenue. The
purpose of this study is to address the traffic operations and safety concerns for this
corridor. Both Benson Road ramp terminal intersections experience congestion in the
peak traffic hours. By year 2035, congestion is anticipated to increase at these
intersections.

Preliminary concepts for both the Benson Road interchange and corridor to address the
existing and year 2035 transportation deficiencies have been developed. The preliminary
concepts were screened to determine which interchange and corridor concepts should
be selected for further development and assessment. The remaining interchange
options and corridor options were combined to develop alternative scenarios. There
were three (3) alternative scenarios identified for further development. Each of the
alternative scenarios was analyzed using established evaluation criteria. The analysis of
the alternative scenarios was used to determine which alternative scenarios should be
recommended to advance for future studies. The following are the recommended
alternative scenarios to advance:

e Benson-1A. NE Quadrant Loop + 3-Lane SB On-Ramp
e Benson-1B. NE Quadrant Loop + 2-Lane SB On-Ramp
® Benson-4. DDI

The public was involved throughout the study through public open houses, landowner
meetings, and a project website. Public comments, provided in person, in writing, or
electronically, were used in the development and refinement of improvement
alternatives. The project’s Study Advisory Team consisted of representatives from the
Federal Highway Administration (FHWA), South Dakota Department of Transportation
(SDDOT), Sioux Falls Metropolitan Planning Organization (MPO), City of Sioux Falls,
and HDR.
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CHAPTER 1 - INTRODUCTION

Section 1.1 - Introduction

The Interstate 229 (1-229) Corridor through the City of Sioux Falls carries commuters
and tourism traffic, provides access to the expanding east side of this thriving
community, and allows access to downtown. The 1-229 Major Investment Study (MIS)
allows the City of Sioux Falls, the Sioux Falls Metropolitan Planning Organization (MPO),
the South Dakota Department of Transportation (SDDOT), adjacent landowners, and
area users to help determine the vision of the corridor. The [-229 Exit 9 (Benson Road)
Corridor Study is a subset of the 1-229 MIS.

An MIS provides a focused evaluation of transportation needs and issues within a
corridor or sub-region. An MIS is designed to provide decision makers with information
on the options available for addressing transportation challenges before making
investment decisions. An MIS can lead to decisions on design concepts and scope of
the investment.

The 1-229 Major Investment Corridor Study (MIS) fulfills the following objectives:

1. Complete a traffic level of service analysis for both existing and future
(2035) no-build conditions on the 1-229 mainline, select interchanges and
crossroads.

2. Complete a safety analysis of 1-229 mainline, interchanges and
crossroads.

3. ldentify locations on 1-229 not in compliance with current design
standards under both the current and forecasted future traffic conditions.

4. Determine the effects of incidents on traffic operations within the 1-229
corridor’s area of influence.

5. Develop a long range plan consisting of feasible solutions to address the
portions of the Interstate System that fail to meet current design
standards, traffic level of service expectations, and/or have identifiable
safety concerns under both the current and forecasted future traffic
conditions.

6. Create final products for use by the SDDOT, the City of Sioux Falls and
the Sioux Falls Metropolitan Planning Organization, which will guide the
Department in the implementation of recommended improvements that
will maximize the efficiency of the system.
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The 1-229 MIS has been separated into six individual sub-studies. The sub-studies
include:

1-229 Corridor Study

e [-229 Exit 3 (Minnesota Avenue) Crossroad Corridor Study
e [-229 Exit 4 (Cliff Avenue) Crossroad Corridor Study

e [-229 Exit 6 (10th Street) Crossroad Corridor Study

e [-229 Exit 7 (Rice Street) Crossroad Corridor Study

e [-229 Exit 9 (Benson Road) Crossroad Corridor Study

A map illustrating the study areas for each of the corridor studies is shown in FIGURE 1.

The remainder of this document details the transportation efforts entailed in the 1-229
Exit 9 (Benson Road) Crossroad Corridor Study.

Section 1.2 - Project Description / Study Area

This study assesses existing and future conditions at the 1-229 interchange at Exit 9
(Benson Road) and along Benson Road from Cliff Avenue to Sycamore Avenue. The
[-229 Exit 9 interchange and adjacent Benson Road corridor is located in the
northeastern portion of the Sioux Falls metropolitan area, approximately 1 mile south of
the 1-229/1-90 system interchange. The I-229 mainline study limits include Exit 7 (Rice
Street) through Exit 10 (I-90). The Benson Road study limits include Cliff Avenue
through Sycamore Avenue.

An illustration of the study area is shown in FIGURE 2. There are 7 study area
intersections located on Benson Road, including:

¢ CIiff Avenue

® Lewis Avenue

® Potsdam Avenue

e [-229 Southbound Ramp Terminal

e [-229 Northbound Ramp Terminal

e Hall Avenue

e Sycamore Avenue
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Figure 1. 1-229 MIS Study Area Map
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Figure 2. Exit 9 (Benson Road) Study Area
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Section 1.3 - Purpose

The purpose of this study is to address the traffic operations and safety concerns at the
[-229/Exit 9 (Benson Road) interchange and along the Benson Road corridor which
serves the growing east side of Sioux Falls, South Dakota. The following is a list of
specific issues/needs that were identified for this study:

e Congestion at the Benson Road / I-229 interchange
e Future growth along Benson Road east of 1-229

e Improved pedestrian connectivity

e Determine the need for a connection to SD 100

The primary goal of this study is to develop feasible solutions to address the identified
issues and needs. The solutions will follow current design standards and provide

acceptable traffic level of service (LOS) and operations under both current and future
traffic conditions.
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Section 1.4 - Methods and Assumptions

The SDDOT provides a Methods and Assumptions template for SDDOT planning
studies. This template guided the development of a specific document for the 1-229 Exit
9 (Benson Road) Crossroad Corridor Study. This Methods and Assumptions document
is used to outline technical methodologies and key assumptions used in the course of
the study. The Methods and Assumptions document can be found in APPENDIX A.
METHODS AND ASSUMPTIONS FOR SUB-STUDY 3.

The original Methods and Assumptions document was amended as follows:

e Amendment 1 includes changes to accommodate updated schedule,
Study Advisory Team (SAT) members, traffic forecasting methodology, and
right-turn on red volumes, as discussed at the SAT meeting held on August
13, 2014.

e Amendment 2 includes changes related to updated schedule, addition of
Sub-Study 5 (Exit 7: Rice Street), year of failure analysis, and crash
prediction analysis (safety) as discussed at the SAT meeting held on
November 2, 2015.
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CHAPTER 2 - EXISTING AND YEAR 2035
No-BuiLD CONDITIONS

Assessment of existing conditions and 2035 no-build conditions is based on traffic data
collected and developed as part of the overall 1-229 MIS. Traffic data applicable to Exit 9
(Benson Road) includes base mapping, existing and 2035 no-build traffic volume data
and crash data. The existing conditions analysis is representative of year 2012.

Content in this chapter focuses on analysis of the Exit 9 (Benson Road) interchange and
corridor study area.

Section 2.1 - Traffic Capacity and Analysis Methodologies

Existing (year 2012) conditions operational analysis included the analysis of 3 signalized
intersections, 4 unsignalized intersections, 4 basic freeway segments, 2 weave
segments, 2 merge areas and 2 diverge areas. All locations were analyzed for the AM
peak hour (7:15 — 8:15 AM) and PM peak hour (4:30 — 5:30 PM).

The unsignalized intersection of Benson Road/Hall Avenue was analyzed as a
signalized intersection in the 2035 no-build condition. The intersection is anticipated to
require a signal by 2035 or earlier due to increased volumes. Everything else remained
the same between existing and no-build conditions. The operational analysis results
include:

e Ramp terminal intersections
e Arterial intersections
e Basic Freeway, Ramp Junctions and Weave Areas

Analysis methodologies utilized for determining traffic capacities are outlined in
APPENDIX B1. TRAFFIC CAPACITY ANALYSIS METHODOLOGIES. Level of service (LOS) is
based on procedures from the Highway Capacity Manual (HCM 2010).

Section 2.2 - Existing Conditions Operational Results

The existing conditions LOS results for all locations are depicted in FIGURE 3.

This existing conditions analysis found that the freeway and ramps are operating at a
desirable LOS of C or better throughout the study area. One ramp terminal intersection
has degraded beyond the acceptable threshold of LOS C and one arterial intersection
has degraded beyond the acceptable threshold of LOS D. TABLE 1 highlights
intersections that do not meet the project specific LOS thresholds. The existing traffic
analysis reports can be found in APPENDIX B2. EXISTING HCS 2010 REPORTS.

Table 1. Existing Conditions Deficient Locations Based on Operational Analysis

LOCATION AM

Benson Road & 1-229 SB Ramp Terminal — Worst stop-controlled
approach LOS

Benson Road & Potsdam Avenue — Worst stop-controlled approach LOS

Note: Acceptable threshold is LOS D for arterial intersections and LOS C for freeway, ramps, and
ramp terminal intersections.
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Section 2.3 - Year 2035 No-Build Operational Results

Traffic forecasts for year 2035 for the No-Build condition were established as part of the
overall I-229 MIS.

The balanced set of year 2035 No-Build volumes is included with the results of the
Future No-Build analysis.

A detailed report of the future No-Build operations can be found in APPENDIX C. 2035
No-BuiLD AND BUILD OPERATIONAL ANALYSIS TECHNICAL MEMORANDUM.

The year 2035 conditions analysis found that both ramp terminal intersections will
degrade beyond the threshold of LOS C and two arterial intersections will degrade
beyond the threshold of LOS D.

TABLE 2 highlights intersections that will not meet the project specific LOS thresholds.

Final operational analysis LOS results for year 2035 No-Build AM and PM peak hour can
be found in graphical format in FIGURE 4 for study intersections, as well as basic
freeway, merge, diverge and weaving segments.

Table 2. 2035 No-Build Conditions Deficient Locations Based on Operational
Analysis

LOCATION

Benson Road & Potsdam Avenue — Worst stop-controlled
approach LOS

Benson Road & [-229 SB Ramp Terminal — Worst stop-controlled
approach LOS

Benson Road & 1-229 NB Ramp Terminal

Benson Road & Sycamore Avenue — Worst stop-controlled
approach LOS

Note: Acceptable threshold is LOS D for arterial intersections and LOS C for freeway, ramps, and
ramp terminal intersections.
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CHAPTER 3 - CONCEPT DEVELOPMENT AND
ANALYSIS

The transportation deficiencies identified in the Existing Conditions and 2035 No-Build
Conditions analysis were taken into consideration along with input from the Study
Advisory Team (SAT) in order to develop potential roadway improvement projects. A
multi-step process was used to develop, analyze and refine potential concepts in order
to identify the recommended concepts for future consideration.

Section 3.1 - Preliminary Concept Development

Prior to development of the preliminary concepts, a Public Open House was held
October 30", 2013 to introduce and receive feedback regarding the 1-229 MIS. The
Public Open House discussed the needs and goals for each individual corridor study and
received feedback from the public. A Stakeholder Meeting was held on December 15',
2014 with business and land owners within the Exit 9 (Benson Road) study area to
provide an update on the study and receive feedback regarding the corridor needs and
considerations. A summary of the public involvement process and meeting notes can be
found in APPENDIX H. PUBLIC INVOLVEMENT.

The first step in the concept development phase was to identify preliminary concepts to
potentially address the deficiencies identified in the Existing Conditions and 2035
No-Build Conditions analysis.

These concepts were developed with SAT input during concept workshops in December
2014 and July 2015. Separate concepts were developed for the Exit 9 (Benson Road)
interchange area and the Benson Road corridor. Preliminary concepts included:

Benson-1. NE Quadrant Loop
Benson-2. NE and NW Quadrant Loops

Benson-3. NB to WB Flyover Ramp

Benson-4. Diverging Diamond Interchange (DDI)

® Benson-C1. 4-Lane Divided, WB 3™ lane from Lewis Avenue to 1-229

Preliminary Concept figures are shown in APPENDIX D1. PRELIMINARY CONCEPT
FIGURES.

Section 3.2 - Preliminary Concept Comparisons

The preliminary concepts were evaluated through a screening process in order to
identify concepts to be carried forward in the study and further refined and analyzed.
Each of the preliminary concepts was evaluated using criteria in four categories. The

FR age i1



four category types evaluated for each preliminary concept identified for further
consideration included Property Impacts, Traffic Operations, Environmental Review and
Construction Costs as described in the next sections. Additional detail may be found in
APPENDIX D2. PRELIMINARY CONCEPTS TECH MEMO.

PROPERTY IMPACTS

An approximate footprint for each preliminary concept was developed by setting impact
limits. The portion of each property parcel intersected by the impact limits that was inside
of the impact limit was assumed to be an acquisition. If an acquisition impacted a
structure, or rendered a parcel unusable in the opinion of the consultant (e.g. a large part
of a parking lot was acquired), the entire structure or parcel was assumed to be an
acquisition.

A unit price of $5 per square foot of acquisition area was applied to estimate the cost of
property impacts. The total estimated cost of property impacts for a concept is the total
impacted area multiplied by $5 per square foot plus the assessed value of structures
impacted (from the Minnehaha County Assessor’s website) multiplied by 1.5 (to estimate
the fair market value of impacts).

Although not included in the assessment of property impacts for the concepts, the
existing access control limits along 1-229 at each of the corridor sub-study interchanges
were researched at the request of the SAT and are depicted in a set of figures in
APPENDIX I. EXISTING ACCESS CONTROL FIGURES.

TRAFFIC OPERATIONS

The traffic operations assessment for each preliminary concept was developed using
output from model runs of the Dynamic Traffic Assignment (DTA) model. The 2012
Existing Conditions calibrated DTA model was updated to reflect 2035 No-Build
conditions and used as a baseline model to which output from each preliminary concept
run was compared.

The Measures of Effectiveness (MOEs) from each concept run were compared to the
No-Build MOEs and a percent change calculated between each concept and No-Build.
The following MOEs were used to compare the concepts:

¢ Queues

e Delay

e Travel Time

¢ Throughput

MOEs were categorized by interchange areas where appropriate. Graphics highlighting
these interchange areas, along with the DTA model subarea, can be found in APPENDIX
D3. DTA MODEL INTERCHANGE AND MODEL SUBAREAS.

ENVIRONMENTAL REVIEW

A desktop review of available data was analyzed against the preliminary concepts.
Items that could require further analysis at the time of future project initiation were
identified for issues that separate project concepts. Later phases in potential project
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corridor planning will require environmental documentation if federal funds are used, and
would require analysis of additional resources such as environmental justice and noise.

The environmental review included the following elements:

® Archaeological and Historical Resources
e Wetlands and Waters

e Threatened and Endangered Species

e Section 4(f) and Section 6(f) Properties
e Floodplain

e Regulated Materials

APPENDIX D4. ENVIRONMENTAL CONSTRAINTS MAPS identify constraints in the study area
such as schools, bike trails, rivers, wetlands, parks, and floodplain.

CONSTRUCTION COSTS

Pavement area costs are assumed to include curb, shoulder, median, sidewalk, and
drainage items. For cost estimating purposes, all retaining walls were assumed to have
a constant height of 12 feet over their entire estimated length. Relocation costs are not
included in the ROW cost estimates.

The comparative assessment of the preliminary concepts is summarized in TABLE 3.
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Concepts Composite Comparative Assessment
Traffic Assessment

Table 3. Prelimina

Environmental

Preliminary Concept Queues Delay T;ﬁ:\':' Impacts Eos O BT
NE Quadrant Loo [
Benson-1 Q P Very Good | Good Good Medium/ | 616 200,000 113
potential 4(f)
NE & NW Quadrant Loops Medium/
*
Benson-2 Very Good Neutral Poor potential 4(f) $14,400,000 11.3
NB to WB Flyover Medium/
g 1) edium
Benson-3 Poor Good Good potential 4(f) $14,900,000 11
Diverging Diamond
Benson-4 Very Good | Very Good Good Low $10,400,000 0
4-Lane Divided with 3rd WB lane
EENELTEO | awis to NB 1229 terminal Neutral Neutral Neutral Low $9,500,000 1.1
*Estimated construction costs for this concept do not include an allowance for retaining wall replacement.
(1)Queues affect freeway mainline travel times.
F)? Page |14



PRELIMINARY CONCEPT COMPARISON

The preliminary concepts and the concept evaluation were presented to the
business/land owners and public through a Stakeholders Meeting and Public Open
House on June 2™, 2015. A summary of the public involvement process and meeting
notes can be found in APPENDIX H. PUBLIC INVOLVEMENT.

Based on the preliminary concept comparison and public feedback, the concepts were
screened through a workshop with the SAT in September 2015 to determine which
concepts should be selected for further development. The concepts selected for further
development are as follows:

e Benson-1A. NE Quadrant Loop with 3-Lane SB On-Ramp
e Benson-1B. NE Quadrant Loop with 2-Lane SB On-Ramp

e Benson-4. Diverging Diamond Interchange (DDI)

® Benson-C1. 4-Lane Divided, WB 3™ lane from Lewis Avenue to 1-229

Section 3.3 - Determination of Alternative Scenarios

The next step in the concept development and analysis process was to identify
alternative scenarios by combining the interchange options with the corridor option.

Three (3) alternative scenarios were identified as part of Exit 9 (Benson Road) Corridor.

® Benson-1A. 4-Lane Divided Corridor with NE Quadrant Loop and 3-Lane
SB On-Ramp

o Interchange Option: Benson-1A
o Corridor Option: Benson-C1

® Benson-1B. 4-Lane Divided Corridor with NE Quadrant Loop and 2-Lane
SB On-Ramp

o Interchange Option: Benson-1B
o Corridor Option: Benson-C1

e Benson-4. 4-Lane Divided Corridor with DDI
o Interchange Option: Benson-4
o Corridor Option: Benson-C1

Alternative scenario figures are shown in FIGURES 5 THROUGH 9.
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Legend
@Z T Interchange/Ramp/Loop Construction
Scale in Feet 1 Benson Road Construction
200 400 1 Raised Median Construction
1 Bridge Construction
I Auxiliary Lane Construction
— = Pedestrian Access
—— Existing ROW / Property Line
ROW Acquisition
X Road Closure
Signalized Intersection
@ Stop Condition Intersection
Number ofTrafflc Lanes

1\9005(? arlr(m:lllflS \ 700’ Radlus

V=40 mph

290' Radius
V =30 mph
_Lane Wldth 16'

Benson-1a Option Features:
| ® 30 mph 2-lane loop for NB I-229 to WB Benson Road traffic.
\ ® Realign 1-229 NB off-ramp.
4 ® 3rd WB lane on Benson Road from [-229 to the west.
. |® 3rd EB lane on Benson Road from I-229 to the west.
*|® Widen existing Benson Road bridge (if feasible).
® Dual right turn lane and free right turn movement for EB
Benson Road to SB I-229 traffic.
® Raised median on Benson Road with left turn lanes.

| Sub-Study 4: Alternative Scenario Benson -1a
| 2-Lane Northeast Quadrant Loop with 3-Lane SB On-Ramp

1229 Major Investment Corridor Study Sioux Falls, South Dakota June 2017
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Benson-1b Option Features:

| ® 30 mph 2-lane loop for NB I-229 to WB Benson Road traffic.
\ ® Realign [-229 NB off-ramp.
% ® 3rd WB lane on Benson Road from |-229 to the west.
| ® 3rd EB lane on Benson Road from 1-229 to the west.

® \Widen existing Benson Road bridge (if feasible).

® Single right turn lane and free right turn movement for EB

Benson Road to SB I-229 traffic.
° Ralsed median on Benson Road with left turn lanes.

| Sub-Study 4: AItrnative Scenario Benson -1b
| 2-Lane Northeast Quadrant Loop with 2-Lane SB On-Ramp

‘ I-229 Major Investment Corridor Study Sioux Falls, South Dakota June 2017




Legend
@Z T Interchange/Ramp/Loop Construction
Scale in Feet 1 Benson Road Construction
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1 Bridge Construction
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Signalized Intersection
@ Stop Condition Intersection
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Benson-4 Option Features:
4 ® Diverging diamond interchange configuration.
| e Widen existing Benson Road bridge (if feasible).
® Realign west I-229 ramps to maximize separation distance to
Potsdam Avenue.
® Right turn lane and 2-lane free right turn movement for EB
Benson Road to SB 1-229 traffic.

.| Sub-Study 4: Alternative Scenario Benson - 4
.| Diverging Diamond Interchange

34th Street N

| 1-229 Major Investment Corridor Study Sioux Falls, South Dakota June 2017




Scale in Feet
T
Legend

[_1Benson Road Construction
1 Raised Median Construction Fb
— — Pedestrian Access i
—— Existing ROW / Property Line |
2223 ROW Acquisition
X Access Closure
Signalized Intersection
@ Stop Condition Intersection
Number of Traffic Lanes

Jessica Avenue (S8

Interchange |
Options

All access locations to remain
open unless otherwise noted

Casco Avenue

Benson C-1 Option Features:
® \WB 3rd lane from Lewis Avenue to I-229.
® EB 3rd lane from Casco Avenue to |-229.
® Raised center median with left turn lanes. &
® \Widen Lewis Avenue intersection on south side of Benson Road.
-+ ® Add turn lanes at Cllff Avenue / Benson Road intersection.

. ; S RN _ | IR E S a BT
Sub-Study 4: Alternative Scenario Benson - C1 Figure
| WB 3rd Lane from Lewis Avenue to |-229, EB Right Turn Lane at I-229 8

R I 229 Major Investment Corridor Study Sioux Falls, South Dakota June 2017
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I-229 Major Investment Corridor Study
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_ Widen Benson Road to south
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smission line

Benson C-1 Option Features:

® Future Benson Road extension across the Big Sioux River.

® 2 |anes in each direction with raised median and left turn lane
on Benson Road from 1-229 to Sycamore Avenue.

son-C1
4-Lane Divided Section to Sycamore Avenue

Sioux Falls, South Dakota June 2017

= Sycamore Avenue {5
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Section 3.4 - Analysis of Alternative Scenarios

The alternative scenarios were evaluated through a screening process in order to
identify alternatives recommended to be considered in future studies. Each of the
alternative scenarios were evaluated using additional evaluation criteria including:

® Predictive Crash
e Traffic Operations
® Year of Failure

* Noise

e Constructability

PREDICTIVE CRASH ANALYSIS

Predictive crash analysis was conducted for freeway ramps and the ramp terminal
intersections. The predictive safety analysis was based on principles and methods of the
Highway Safety Manual (HSM).

A comparative analysis of the predicted crashes anticipated between the Existing (Year
2012) condition and the Future No-Build (Year 2035) condition, as well as a comparative
analysis between No-Build and Build alternatives for each sub-study was developed.

The predicted annual crash frequencies for the No-Build and Build alternatives (2012 to
2035) are presented in TABLE 4 along with the breakdown of Fatal + Injury (F+I) and
Property Damage Only (PDO) crashes.

Table 4. Benson Road Corridor 2012-2035 Predicted Build and No-Build Annual
Crashes

No-Build
Benson-1A
mF+|
Benson-1B mPDO
Benson-4
20

Planning horizon crash cost savings were calculated for the Build alternatives and are
shown in TABLE 5.
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Table 5. Benson Road Corridor Planning Horizon Crash Cost Savin
ALTERNATIVE ‘ TOTAL USER COST' USER COST SAVINGS?

No-Build | $ 47,400,000 $ -
Benson-1A | $ 41,600,000 $ 5,800,000
Benson-1B | $ 41,000,000 $ 6,400,000
Benson-4 | $ 19,500,000 $ 27,900,000

"Total User Cost — The discounted, monetized safety cost from the crashes totaled for all years in
the period 2012-2035 (rounded to $100,000).

2User Cost Savings - The discounted, monetized safety benefit from the crashes reduced by a
scenario (compared to a baseline of No-Build) totaled for all years in the period 2012-2035
(rounded to $100,000).

Additional detail from the Predictive Crash Analysis can be found in APPENDIX E.
PREDICTIVE SAFETY ANALYSIS.

TRAFFIC OPERATIONS ANALYSIS

Traffic operations were analyzed for each alternative scenario using Highway Capacity
Software 2010 (HCS 2010) version 6.50. A detailed report of the alternative scenario
operations can be found in APPENDIX C. 2035 NO-BUILD AND BUILD OPERATIONAL
ANALYSIS TECHNICAL MEMORANDUM.

For all alternative scenarios, the ramp terminals operate at an acceptable LOS of C or
better and the signalized arterial intersections operate at an acceptable threshold of LOS
of D or better.

YEAR OF FAILURE ANALYSIS

A year of failure analysis was conducted for the alternative scenarios’ interchanges in
order to identify the year beyond the Future / Design year (2035) when traffic operations
fail to meet acceptable criteria. Projected traffic volumes beyond year 2035 were
developed using straight line extrapolation between year 2012 adjusted peak hour
volumes and year 2035 adjusted peak hour volumes. Potential years of failure were
evaluated in 5-year increments up to the identified year of failure.

The resulting year of failure for the No-Build and Build alternatives is shown in TABLE 6.

Table 6. Benson Road Corridor Year of Failure
ALTERNATIVE YEAR OF FAILURE

No-Build Already Failing

Benson-1A 2050

Benson-1B 2050

Benson-4 2045

Additional detail from the Year of Failure Analysis can be found in APPENDIX F. YEAR OF
FAILURE ANALYSIS.
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NOISE ANALYSIS

A traffic noise analysis was conducted along the Benson Road corridor’s area of
influence for the three alternative scenarios. The analysis included traffic noise
monitoring and modeling. HDR used the FHWA Traffic Noise Model (TNM), Version 2.5,
to evaluate projected traffic noise levels under both existing conditions and “Build”
alternatives. Basic model inputs are:

e Existing and Preliminary project concept and geometry
e 2012 and 2035 traffic volumes in the study area

e The operational speed for |1-229: 65 miles per hour (mph); arterial streets:
30-45 mph

Traffic noise impacts were identified in accordance with SDDOT Noise Analysis and
Abatement Guidance (July 13, 2011), which is intended to supplement FHWA traffic
noise and abatement regulations and guidance. The Guidance provides procedures for
noise studies and noise abatement measures to help protect the public health and
welfare, to supply noise abatement criteria, and to establish requirements for traffic noise
information to be given to those officials who have planning and zoning authority.

Noise abatement measures are considered when predicted traffic noise levels approach
or exceed the Noise Abatement Criteria (NAC), or when the predicted traffic noise levels
substantially exceed existing noise levels.

Noise sensitive receptors are not located within the Sub-Study 4 corridor; therefore,
noise modeling at discrete, individual noise receptors was not warranted.

A detailed technical memorandum describing the noise analysis can be found in
APPENDIX G. SUB-STUDY 4 NOISE STUDY TECHNICAL REPORT.

CONSTRUCTABILITY

A constructability analysis was conducted for the alternative scenarios in order to assess
potential construction phasing, maintenance of traffic and general timeframe.

TABLE 7 shows construction analysis results predicted for each alternative.

Table 7. Constructability Analysis

ALTERNATIVE | MAINTENANCE  ALLOWS FOR ESTIMATED
OF TRAFFIC PHASED CONSTRUCTION
COMPLEXITY  CONSTRUCTION  TIME FRAME
(MONTHS)

Benson-1A

Benson-1B Lowest

Benson-4 Medium No 4

It is anticipated that the Benson-1A and Benson-1B alternatives will allow for phased
construction, but Benson-4 will not. Further construction analysis would need to occur
during future studies and continue through the design process.
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Section 3.5 - Recommendation of Alternatives for Future
Consideration

The analysis of alternative scenarios along with other evaluation criteria were used to
develop an evaluation matrix to compare the alternative scenarios. The alternative
scenarios were compared using the following criteria categories:

e Driver/Public Perception

e Construction Impacts

e Traffic Operations & Safety

® Property Impacts

e Environmental

® Pedestrians

e Cost
During the preliminary concept comparison stage (SECTION 3.2) of this study, DTA model
results were utilized to assess traffic operations. As the project transitioned to the
concept refinement stage, traffic operations were also assessed using HCS 2010. HCS
2010 has been developed to precisely represent the impact of detailed lane geometry
and traffic signal operations on traffic flow. HCS 2010 also allows for the direct
calculation of key traffic operations measures under a design volume set, which cannot

be achieved using a DTA model. For these reasons, the traffic operations evaluation
matrix reports MOEs summarized from HCS 2010.

The alternative scenarios evaluation matrix was reviewed with the SAT during a
workshop in September 2016 to determine which alternative scenarios should be
recommended to advance for future studies.

The evaluation matrix for the alternative scenarios is summarized in TABLE 8.

Based on the evaluation, all three (3) alternative scenarios are recommended to
advance for future studies along with No-Build. The alternative scenarios are as follows:

e Benson-1A. NE Quadrant Loop with 3-Lane SB On-Ramp
e Benson-1B. NE Quadrant Loop with 2-Lane SB On-Ramp

e Benson-4. Diverging Diamond Interchange (DDI)
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Table 8. Alternative Scenarios Evaluation Matrix
1-229/Benson Road Interchange/Corridor Construction

Sub-Study 4

Option Description

No-Build

Driver/
Public
Perception

>
(%]
[=
©
8
(5]
[}
Qo
X
(]}
o
>
=
S
8
£
‘E
S
(]
2
S
o

Construction

Impacts

Maintenance of Traffic Complexity
During Construction

Allows for phased construction

Total interchange delay
(Average AM/PM Peak)

Sec/Veh

Year of Failure'

Traffic operations at
northbound ramp terminal
intersections

Intersection Delay
AM / PM (sec)

Traffic Operations & Safety

Traffic operations at
southbound ramp terminal
intersections

Intersection Delay
AM / PM (sec)

Traffic operations at
Benson Rd. / Cliff Ave.

Intersection Delay
AM / PM (sec)

Traffic operations at
Benson Rd. / Sycamore Ave.

Intersection Delay
AM /PM (sec)

Life Cycle Crash Cost Savings"?

Number of closed access points

Property Impacts

Total residential acqusitions
Total business acquisitions

Total ROW Required (Acres)

Environmental

Environmental Impacts

Pedestrians | Cost

Total cost (including ROW)

Pedestrian accomodations on both

Recommendation

Benson-1A

Benson-1B

Benson-4

Good NA | NA | 910 |<2035| F/B 174.2114.3 FIF | 17,912/99,999 | C/D 33.5/476 FIF 2,333 /2,358 - NA | NA | NA | NA Low No N/A
Two-lane Loop + Good Low | Yes | 154 | 2050 | A/A 5.7/8.1 B/B 16.0/12.0 C/D 29.9/36.1 Cc/B 28.0/17.0 $5.8 5 0 0 227 Medium No $37.9 Advance
Double EB Free Right
Two-lane Loop + Good Lowest | Yes | 154 | 2050 | A/A 5.7/8.1 B/B 16.0/12.0 C/D 29.9/36.1 C/B 28.0/17.0 $6.3 5 0 0 22.7 Medium No $36.6 Advance
Single EB Free Right
DDI Fair Medium | No | 370 |2045| c/B 31.2112.4 C/B 28.0/17.4 C/D 28.2/35.0 C/B 25.9/19.5 $27.8 5 0 0 5.8 Low Yes $31.9 Advance

"Year of Failure and Predictive Safety analysis include ramp terminal intersections and in general do not include non-ramp terminal intersections.

2Planning Horizon Cost Savings - The discounted, monetized safety benefit from the crashes reduced by a scenario (compared to a baseline of No-Build) totaled for all years in the period 2012-2035.




CHAPTER 4 - SUMMARY AND NEXT STEPS

The 1-229 Exit 9 (Benson Road) Crossroad Corridor Study:
e |dentified existing and future traffic and safety issues and needs on the
Study Area roadways.

e Developed reasonable improvement concept options and alternative
scenarios to address the traffic and safety needs.

e Evaluated the benefits and drawbacks of each of the concept options and
alternative scenarios.

e |dentified alternative scenarios for further consideration in future studies.
The alternative scenarios are as follows:
o Benson-1A. NE Quadrant Loop with 3-Lane SB On-Ramp
o Benson-1B. NE Quadrant Loop with 2-Lane SB On-Ramp
o Benson-4. Diverging Diamond Interchange (DDI)

These are the anticipated next steps for the projects associated with the 1-229 Exit 9
(Benson Road) Crossroad Corridor Study:

e Refine the implementation timeframe and funding responsibility. The 1-229
Exit 9 (Benson Road) Corridor was identified as a high priority in the overall
[-229 MIS.

¢ Add projects, as necessary, to the MPO fiscally constrained Long Range
Transportation Plan.

e Fund individual projects in the State 8-year Improvement Program or City
5-year Improvement Program.

e Prepare an Interchange Modification Report for the 1-229/Benson Road
interchange.

¢ Prepare an environmental document for each project in accordance with
National Environmental Policy Act and other applicable federal and state
regulations. This step includes further design refinement and in-depth
analysis of each option. The No-Build option will be considered as well as
all of the options identified in this Corridor Study.

e Select a preferred option for each project.
® Acquire right-of-way (where necessary).
e Complete final design plans.

e Construct project.
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APPENDIX A. METHODS AND ASSUMPTIONS FOR SUB-STUDY 4
APPENDIX B1. TRAFFIC CAPACITY ANALYSIS METHODOLOGIES
APPENDIX B2. EXISTING HCS 2010 REPORTS

APPENDIX C. 2035 NO-BUILD AND BUILD OPERATIONAL ANALYSIS TECHNICAL
MEMORANDUM

APPENDIX D1. PRELIMINARY CONCEPT FIGURES

APPENDIX D2. PRELIMINARY CONCEPTS TECH MEMO

APPENDIX D3. DTA MODEL INTERCHANGE AND MODEL SUBAREAS
APPENDIX D4. ENVIRONMENTAL CONSTRAINTS MAPS

APPENDIX E. PREDICTIVE SAFETY ANALYSIS

APPENDIX F. YEAR OF FAILURE ANALYSIS

APPENDIX G. SUB-STUDY 4 NOISE STUDY TECHNICAL REPORT
APPENDIX H. PUBLIC INVOLVEMENT

APPENDIX I. EXISTING ACCESS CONTROL FIGURES
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APPENDIX A -

METHODS AND ASSUMPTIONS DOCUMENT

e M&A AMENDMENT #2
 APPENDICES

0 CRASH PREDICTION ANALYSIS PROCEDURES
FOR DIVERGING DIAMOND INTERCHANGE (DDI),
SINGLE-POINT URBAN INTERCHANGE (SPUI),
AND TWO-LANE LOOP RAMP

0 M&A AMENDMENT #1
0 ORIGINAL M&A

hdrinc.com 6300 W. Old Village Place, Suite 100, Sioux Falls, SD, 57108
(605) 977-7740



1-229 MIS Sub-Study #4. M&A Amendment #2

Methods & Assumptions

4 s s Meeting Documentation
e

Federal Highway
Administrafion
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Methods and Assumptions Cover Page

1-229 Major Investment Corridor Study: Sub-Study #4- Amendment 2

Study Advisory Team {SDDOT, FHWA, City of Sioux Falls)

From: James Unruh, HDR Project [-229 Major Investment Corridor Study
Courtney Sokol, HDR
Jon Markt, HDR

CC:  Dave Meier
File

Date: November 4, 2015 &Ob 207030
[oN

Methods and Assumptions Document

The original Methods and Assumptions document was developed as a summation of the
Methods and Assumptions Meeting held on August 28, 2013 with representatives from the
South Dakota Department of Transportation (SDDOT), Federal Highway Administration
(FHWAY}, City of Sioux Falls, Sioux Falls MPO, and HDR.

Amendment 1 includes changes to accommodate updated schedule, SAT team members,
traffic forecasting methodology, and right-turn on red volumes, as discussed at the SAT
meeting held on August 13, 2014.

Amendment 2 includes changes related to updated schedule, addition of Sub-Study 5
{(Exit 7; Rice Street), year of failure analysis, and crash prediction analysis (safety) as
discussed at the SAT meeting heid on November 2, 2015. This document is intended to
serve as a historical record of the process, dates, and decisions made by the study team
representatives for the I1-229 Major Investment Corridor Study: Sub-Study #4.

HER Engineering, Inc. BA04 bdian Hils Drive Phone {402 3951060 Page 10117
Cipwworkinglomald197 1490U-228 MIS_SSA. MethodsAssumplions_151026.dogx O ME 68114 wa A Gor
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1-229 MIS Sub-Study #4. M&A Amendment #2
2. Stakeholder Acceptance Page

The undersigned parties concur with Amendment 2 to this document.

Sighature ignature \ . . !
ﬁmxﬁﬁ/ét‘Jl \ léagm&s 5;0&::51/4 st
Title Title
//-
Date
Notes:

(1) Pariicipation on the Study Advisory Team and/or signing of this
document does not constitute approval of the [-229 Major Investment
Corridor Study: Sub-Study #4 Final Report or conclusions.

(2) All members of the Study Advisory Team will accept this document as
a guide and reference as the study progresses through the various
stages of development. If there are any agreed upon changes to the
assumptions in this document a revision will be created, endorsed
and signed by all the signatories.

HDR Eagineeriag, inc. BA04 Iian Ridls Drive Phone (402} 362-1000 Page Jof 17
n Hil :
Cpweiorkinglomalgtd7 14503-229_MIS_S5S4_MethodsAssamplions_151026.goex U 0e. NE B87H WA COTH
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1-229 MIS Sub-Study #4. M&A Amendment #2

Amendment Notes

HOR Engineering, Inc, G40 Bacdian Hilis Drive Phone (402) 399-1080 Page Jot 17
Clpwworkinglomald 197 14904-229_WS_S54_MethodsAssumptians_ 1510268 doox Ofméha, NE 8114 v ik corm

Page 3 of 82



Meeting Minutes

Project:
Subject;
Date:
Location:

Altendees

1-229 Major Investment Study (MiS)
Study Advisory Team (SAT) Meeting # 13
Monday, November 2, 2015

Ondine Meeling

Mike Behm - SDDOT
Craig Smith - 30DOT
Scott Jansen - SDDOT
Jeff Brosz - SDDOT
Kevin Goeden - SDDOT
Pete Longman - SDDOT
Andy Vande! ~ SDDOT
Paul Nikotas — SDDOT
Steve Gramm ~ SDDOT
Brad Remmich - SDDOT
Cruisting Bennett - SDDOT
Ron McMahon - FHWA
Mark Hoines, FHWA

Online Meeting

Travis Dregsen, SDDOT

Joel Gengler, SDDOT

Shannon Ausen - City of Sioux Falis
Heath Hoftiezer — City of Sioux Falls
Amber Gilbison - SECOG/Sioux Falls MPO
Jason Kjenstad - HDR

Jon Markt - HDR

Dave Meier - HDR

Courtney Sokel- HDOR

Brian Ray - HDR

SAT meeting #13 served the primary purpose of reviewing SAT comments on Methods and Assumptions
updates pertaining to the Highway Safety Analysis and 1o review comments on a draft M&A document for
Sub-Study 5 {Rice Street Corridor Study}. The consuitant team provided the M&A documents {Updates

to Sub-studies 1-4, original for Sub-study 5) for SAT review on October 26"

The four existing M&A documents (Sub-Studies 1-4} were primarily updated to reflect:

An updated project schedule

Addition of Sub-Study 5 (Exit 7: Rice Street)

Addition of year of failure analysis

Addition of crash prediction {safety) analysis

The original M&A for Sub-Study 5 addresses the Exit 7. Rice Street area in a simiiar manner as the Sub-
Study 3 M&A addresses 10™ Street and the Sub-Study 4 M&A addresses Benson Road, inciuding the

above builet list of updates. The Sub-Study 5 M&A varies slightly from the Sub Study 3 & 4 M&A
documents in section 8. Travel Forecast, which outlines changes that will be made in the Sub-Study 1-4
modet based on direction from the City of Sioux Falls fo support volume development along Rice Strest,

Portions of the five M&A documents were highlighted in green to signify changes.
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Action lfems o, ReSpONSIbIl
Submit $S1-5 Methods and Assumptions documents  HDR

for signature

Update project website to include Sub-Study & and to | HDR

identify study concepts eliminated from further

consideration by SAT

Email blast to public meeting

participants/stakehoiders calling attention to updated

website

Press Releass sSDDOT

Add Year of Failure for No-Build at Louise and Ciiff to | HDR
Sub-Study 1 M&A

Update Sub-Study maps to improve street fabeling

and background local road legibility

Modify M&A documents to change reference to SD

100 to Veterans Memorial Parkway

Provide estimated staff-hours to correspond with HDR/HR Green

supplemental scope previously provided to SDDOT

1. Introductions
2. Review of Sub-Study 1, Amendment 2 M&A

HDR provided overview of Amendment 2 updates to the project schedute

City of Sloux Falls inguired about how to address the public, who is expecting updates

from the study in late 2015/ earty 20186,

i. HDR noted that the public is not yet formally aware of the new Rice Street Sub-

Study #5. Need to communicate to the public SAT desire to focus on Sub-Study

#5 to “catoch up” 1o status of other sub-studies, o conciude alt sub-studies

together.

it. SDDOT requested that the project website bs updated to address this and an

email blast to those in the project contact database.

iil.  City of Sioux Falis requested that SDDOT aiso send out a formal press refease.

SDDOT requested the map on page 9 to be modified to include a label for Sotberg

Avenue.
Crash Prediction / Highway Safety Analysis
i. FHWA inquired about the gap in mile markers.

1. HDR dlarified it excludes portion of i-229 between 26 Street ramps,
This anaiysis applies o locations where there are proposed
improvements. Similar rationate for why only Cliff southbound is
identified - since there are no improvements recommended for
northbound direction.
Data collection - no comments
Traffic operations - no commenis

Travel forecasts - no comments
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Safety

i SDDOT asked about breakdown of crash type and severity.

1. HDR will add buliet for defaults from HSM for crash type prediction.
Defaults are not applicable to DDI and SPUI - these configurations will
only have gualitative review.

ii. Nog other comments from the SAT.

SDDOT requested that the Year of Failure Analysis be added for No-Build at Louvise and
CIiff in the Sub-Study #1 M&A document.

3. Review of Sub-Study 2-4, Amendment 2 M&A
SDDOT requested that intersections that are to be analyzed in the individua! sub-studies
are labeied on the maps provided in the M&A documents,
SDDOT noted that reference to SO 100 is no longer valid and needs to be changed o
Veterans Memorial Parkway. HDR wiil update in the M&A document{s}.

4. Review of Sub-Study 5 M&A
QOriginat Methods and Assumptions document,
SDDOT noted the error on page 7 - change "Benson” to "Rice”.
FHWA requested the Sub-Study 5 map be adiusted to darken the local street line
weights,
Need for the study:

i City of Sioux Falls advised that the need for the study should include noting the
geographical constraints, including the rail line and its proximity to Rice Street
improvements.

i. SDDOT added that the need for the study should include that pressure on this
interchange will increase as deveiopment continues o the northeast related o
construction of Veterans Memorial Parkway.

City of Sioux Falls asked i the DTA modei has the Russell to Rice connection. HDR to
confinm this connection is included. {Note: the 2035 DTA modet will not be used in Sub-
Study 5, but the guestion remaing valid for confirmation of this connection in the 2035
macro model). — HDR confirmed that this connection is included in the DTA model,
SDDOT noted that reference to SD 100 is no longer valid and needs to be changed to
Veterans Memorial Parkway. HDR will update in the M&A document{s).

5. Other
3DDOT requested an estimate of staff-hours for review with the supplemental scope of
services praeviously submitied by the consuliant team.
City of Sioux Falis requested that the study website be updated before Thanksgiving.
Website will identity concepls that were eliminated from further consideration by the SAT.
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Next Steps:
Submit 381-5 Methods and Assumptions documents for signature. ftems addressed
nclude:
i. Add Year of Failure for No-Build at Louise and CHff to Sub-Study 1 M&A.

H. Update Sub-Study maps to add more street labeis and improve the legibility of
background local roads.

it Modify M&A documents to change reference to SD 100 to Veterans Memorial
Parkway.

iv. Add bullet for defaults from HSM for crash type prediction.
v. Sub-Study #5: Error on page 7 — changed "Benson” to "Rice”.
vi. Fix double-period errors in documents
Update project website fo include Sub-Study 5 (HDR).
Email blast to public meeting participants/stakeholders (HDR).
Press Release (SDDOT).
HDR to provide estimated siaff-hours associated with supplemental scope to SDDOT,
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[-229 MIS Sub-Study #4. M&A Amendment #2
Introduction and Preject Description

Project Background and Understanding

Sub-Study 4 will analyze existing and future conditions at the 1-229 interchange at Exit 9
(Benson Road) and along Benson Road from CEff Avenue to Sycamore Avenue. The
study will conduct an interchange options study for the 1-228 Exit 9 interchange.

Location

The 1-229 Exit 9 interchange and adjacent Benson Road corridor is located in the
northeastern portion of the Sicux Falls metropoiitan area, approximately 1 mile south of
the [-228/1-90 systems interchange. The mainline interstate study limits include Exit 8
(Rice Street) through Exit 10 (i-90). The Benson Road study limits include Cliff Avenue
through Sycamore Avenue.

An Hustration of the Sub-Study 4 study area is shown in Section 4 {Study Area) of this
report.

Need for Study
The study team has determined the following needs for this specific study:

Congestion at the Benson Road / 1-229 interchange.

Future growth along the Benson Road east of 1-228.

Improved pedestrian connedtivity.

Determing the need for a connection to Veterans Memortial Parkway,

The alternatives analysis will incorporate work done on previous studies, including the
Draft interstate 90 / Interstate 229 Access Modification Request, as well as infroduce
additional concepts. These additional concepts include, but are not limited fo:

Diverging Diamond Interchange

HDR Engineering, inc. Bl tndian Hifis Drive Phana {402) 3531000 Fage d of 17
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{-229 MIS Sub-Study #4. M&A Amendment #2

Study Schedule

March 2013 Notice to Proceed, Kickoff Meeting

July 2013 Methods & Assumptions Documentation

July 2013- Baseline Conditions Analysis/ Data Collection

Augus! 2013

September 2013-  Public Meeting #1 (Project Kickoff) (Oct 2013)

QOctober 2014 Existing Traffic and Operations Analysis
Project Future Conditions {No Build

October 2014- Conceptual Design of Reconfiguration Options for the 1-229 Exit 9

October 2015 Interchange
Conceptual Design of Benson Road Corridor Improvements
Public Meeting #2 (Scenario Building Stage) (June 2015)
MPC Meeting (Scenario Buiiding Presentation)
Retermination of Interchange and Corridor Build Scenarios
Traffic and Operations Analysis of Build Scenarios

November 2015 -  Predictive Crash Analysis of Build Scenarios

July 2016* Noise Analysis of Build Scenarios
Constructability Analysis of Build Scenarios
Recommendations

August 2016 - Sub-Study 4 Report Documentation

November 2016*  Public Meeting #3 {Draft Report Stage)

MPO Meeting (Final Recommendations Presentation})

*Schedule controlled by Sub-Study 5 schedule

Facilities Affected by the Study
Modifications to the I-229 Exit 9 (Benson Read) interchange and adjacent Benson Road
corridor would have the potential fo affect:

The intersections on Benson Road near |-229.

Adjacent parallel corridor of 80" Street North.

The adjacent parallel corridor providing access to 1-229 at Exit 7 {Rice Street).
The adjacent perpendicular corridor of Bahnson Avenue (extension of Bahnson
Avenue is planned from E 60" Street North to Benson Road).

Previous Studies

The following previous studies will be reviewed during the course of this study:
Direction 2035, Sioux Falls MPO Long-Range Transportation Plan (LRTP)
hitp:/iwww.siouxfalls. org/~/media/Documents/plannina/iona-
rangefirip/2035 Irip/adopted Irip rev120210.pdf

Sioux Falls Comprehensive Development Plan

maps/Chapter 1 r112111.pdf

Sioux Falls Transit Development Plan 2011- 2015
httpfiwww . siouxfalls . org/~/media/Documents/planning/long-

2007 Sioux Falls Bicycle Plan

B4t dndizn Hills Drive
Cmiaha, NE 58114

Prang {402 353 1000
wivwe.helilg co

HDR Engimeering, inc. age 5 of 17
Cipwworkinglomald 197 14904-220_MIS_554_MethodsAssumptions_ 151026 docx
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[-229 MIS Sub-Study #4. M&A Amendment #2
hitp./www.siouxfails.org/~/media/Documents/planning/transportation/bicycle/
Bicycle Plan Finai.pdf

The Sioux Falls MPO Multi-Use Trail Study
http:/fwww. siouxfalismpo .org/documents/MPO/Planning Documents/SiouxFal

Sioux Falis Majer Street and Access Management Plan
hitp:/www.siouxfalls.org/~/media/Documents/planning/transportation/iong-
range/maijorsireetpianmediumfinal % 20pdf pdf

Interstate 90/ Intersiate 229 Access Modification Request (Draft)

Northeast Transportation Network Feasibility Study

2010 Decennial interstate Corridor Study and 2000 Decennial interstate Study

N. Bahnson Avenue Feasibility Study

Benson Road Feasibility Study

ITS Studies from City of Sioux Falls and SDDOT

HAR Engineeringr inc. 8404 indtan Hills Drive Phore (402) 353-1000 Page Gof 17
Cpaawerkinglomald 197 14801-228_WIS_SS4_MethodsAssumptions_151026.docx.  _or e 6874 vt G com
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1-228 MIS Sub-Study #4. M&A Amendment #2

Study Advisory Team Members

A Study Advisory Team has been formed to guide the study through completion. The
Study Advisory Team is comprised of representative parties of the SDDOT, FHWA and
City of Sioux Falls. Members of the Study Advisory Team are:

Shannon Ausen City of Sioux Falis — Public Works

Mike Behm SDDQOT ~ Proiect Development

Christina Bennett SDDOT - Operations Support

Jeff Brosz SDDOT - Transportation Inventory Management
Andy Vandel SDDOT - Project Development (Safet

Joet Gengler SDBOT — Right of Wa

Amber Gibson Sioux Falls MPO

Kevin Goeden SDDOT - Bridge Design

Steve Gramm SDDOT - Project Development (Plannin

Heath Hoftiezer City of Sioux Falls — Public Works

Mark Hoines FHWA

Dave Huft SDDOT - Research

Bruce Hunt FHWA

Scotft Jansen SDDOT - Mitchell Region

Captain Alan Weish South Dakota Highway Patrocl

Ryan Kerkviiet Sioux Falis MPO - Citizens Advisory Commitiee
Tom Lehmkuhl SDDOT - Project Development (Environmental
Pete Longman SDDOT - Road Design

Ron McMahon FHWA

Paut Nikolas SDDOT - Road Design

Brad Remmich SDDOT - Project Development (Planning
Craig Smith SDDOT - Mitchell Reaion

Additional team members may be added as the study progresses.

Study Area

The study area for Sub-Study 4 was defined by the Study Advisory Team and is
iiustrated in this report for documentation. The study area contains Benson Road from
CHff Avenue to Sycamore Avenue, Freeway operations will be conducted during Sub-
Study 1 and will aiso be reported in Sub-Study 4 for freeway locations from Exit 7 (Rice
Street) to Exit 10 (1-90). The following graphic shows the study area and identifies each
of the study intersections.

HDR Engineering, Inc, 8404 indian Hills Drive Pione {462 398-100C Page Tof 17
Cpwworkinglomald 197 14908-229_MIS_S$4_MethodsAssumplions_151026 docx o e 8814 RGO
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[-229 MIS Sub-Study #4. M&A Amendment #2
Sub-Study 4 Study Area
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1-229 Maijor investment Corridor Study
Sub-Study 4 Study Area

Benson Road Study Intersections:
CIif Avenue*

Lewis Avenue”

Potsdam Avenue

1-229 Southbound Ramp Terminal*
[-229 Northbound Ramp Terminal*
Hall Avenue*

Sycamore Avenue

* Intersections denoted with an asterisk will be inciuded in year of faiiure analysis.

Study Basic Freeway Areas (See also Note 1 below for designated analysis areas as
potential Freeway Weave Areas for segments including auxiliary lanes):
1-229 Northbound between Rice Street (Exit 7) and Benson Road {Exit 9) '

[-229 Northbound between Benson Road (Exit 8) and 1-90 (Exit 10)
{-229 Southbound between 1-80 (Exit 10) and Benson Road {Exit 9}
{-228 Southbound between Benson Road (Exit 9) and Rice Street (Exit 7}

HDR Engineering, inc. 8434 Indian Hilks Drive Pheng 1402) 369- 1000 Fage 8ol 17
Cipwworkinglomatd 157 14904229 MIS_SS4. MeihodsAssumptions_ 151026 doex Omaha, NE 6114 v PGFARG com
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[-229 MiS Sub-Study #4. M&A Amendment #2

Segment will be evaluated using Highway Capacity Manual (HCM) 2010
procedures to determine if the segment meets the criteria for a weave
segment. If the segment meets the weave segment criteria the segment will
be analyzed as a Freeway Weave Area and not s Basic Freeway Area

Study Ramp Junctions:
I-229 Northbound merge from Benson Road {Exit 9)

1-229 Northbound diverge to -90 Eastbound {Exit 10A)
1-229 Southbound merge from 1-80 Eastbound (Exit 10A)
1-229 Southbound diverge to Benson Road {Exit 8)

Study Maintine Freeway Areas (Crash Prediction}
[-229 Northbound & Southbound
Between mile marker 8 and mile marker 10

Study Service Interchange Areas (Crash Prediction)
Exit 9: Benson Road

Study Intersections {Crash Prediction)
Benson Road & 1-229 Southbound Ramps

Benson Road & 1-229 Northbound Ramps

Analysis Years/Periods
This study will evaiuate traffic during and for the following time periods:

Existing Conditicns — Existing conditions analyses will be conducted for year 2012
volume conditions. Turning movement counts were collected at several study area
intersections in 2012. intersections that do not already have recent count data from
2012 will be counted by the City of Sioux Falls or HOR as part of this study as described
in Section 6. For existing conditions the following time periods will be evaluated:

Existing Conditions {Year 2012) — AM Peak Hour
Existing Conditions (Year 2012} — PM Peak Hour

Future/ Design Conditions — Future/ Design conditions analyses will be conducted for
year 2038 conditions. This horizon year matches the planning horizen of the current
Sicux Falis LRTP. The Travel Demand Modei was calibrated and updated in year 2009
for a base year 2008 and planning horizon of year 2035, Projected traffic voiumes from
the Sioux Falis MPO Trave! Demand Mode! will be utilized to establish year 2035
volumes. For the design conditions the following time periods will be evaluated:

Future/Design Conditions {Year 2035} — AM Peak Hour
Future/Design Conditions {Year 2035) —~ PM Peak Hour

Interim Conditions ~ No interim conditions will be evaluated as part of this study,

Year of Failure Conditions Analysis

Year of failure analysis will be conducted {for denoted study area intersections) to identify
the year beyond the Future / Design year (2035) when fraffic operations faif to meet
acceptable criteria. Projected traffic volumes beyond year 2035 will be developed using

HDR Enginesring, Inc. 8404 bdian Hills Deive Phene (402} 3991060 Fage ot 17
Gipaworkinglomad197 14304-229_MIS_SS4_MelhodsAssumptions 151026.dogy, e HE 68114 i G Gom
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[-229 MIS Sub-Study #4. M&A Amendment #2

straight line exirapolation between year 2012 adjusted peak hour volumes and year 2035
adjusted peak hour volumes. Potential years of faliure wiit be evaluated in 5-year
increments up to the identified year of failure. Should iraffic operations still meet
acceptable criteria 30 years beyond the Future / Design year {2065}, the year of failure
will be identified as beyond 2065, but no additional traffic analysis will be conducted for
years beyond 2065.

Year of Failure Conditions {Year determined by analysis) — AM Peak Hour
Year of Failure Conditions {Year determined by analysis) — PM Peak Hour

Volume data will be smoothed/balanced for the Existing and Future/Design Conditions
using the Cube Voyager macroscopic model, with adjustments (o raw model output
based on post-processing techniques, as part of Sub-Study 1.

Data Collection

Data Collection is one of the most important items during any transportation planning
study. The data collection efforts are documented below:

Turning movement counts define actual traffic at the study intersections during the
course of a typical weekday. The most recent furming movement counts available by
the City of Sioux Falls al Benson Road study intersections were mostly conducted in
year 2012. To caplure existing conditions on an average weekday, new iraffic countis
were coilected at the Benson Road/Cliff Avenue sludy intersection by HDR in year
2013 to replace a count from year 2011. These counts include volume data in 15-

minute intervais,

Exisiing Freeway Data

Automated Traffic Recorded (ATR) data was provided for SDDOT Station #610, which
is located between Exit 2 (Western Avenue) and Exit 3 (Minnesota Avenue). The ATR
included hourly directional mainline 1-229 freeway volumes from Sept 2012 to
February 2013. In addition, ATR at Station #610 was provided in 15-minute
increments from March 6 to Aprit 21, 2013.

SDDOT supplied hourly ramp volume data from year 2012, Study intersection turning
movemeant counts wili be used to determine existing AM and PM peak hour ramp
volumes and then smoothed/balanced along the |-229 corridor.

Vehicle Classification Samples on 1-229 Interstaie
Supplied by SDDOT
Crash History Geodatabase
Supplied by SDDOT
includes crash records dated January 2008 to December 2012 (5 vears)
Roadway Design Standards
available online at:
http:/www.sddot.com/business/design/forms/roaddesign/Defauit.aspx

Construction Plans for [-229

B404 Iretian Hills Dvive Fhone {402) 399- 1090 Page 10 0f t7

HER Engineering, inc.
Omatia, Ne 68114 Wi hidfinc g0

Chpwworkinglomatd 197 14000-229_MIS_S54_MetnodsAssumplions _151026.doox
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{229 MIS Sub-Study #4. M&A Amendment #2

Supplied by SDDOT

GIS Base Mapping Data {parcels, parks, streets, rail, plais)

o Supplied by City of Sioux Falls

2012 Aerial SID files
Supplied by City of Sioux Falls

MPQO Travel Demand Model Files in Cube Voyager {Existing and Future)
Supplied by City of Sioux Falls

Average daily traffic counts
Supplied by City of Sioux Falls

All data was collected and wilt be collected using standard field practices which consist
of using cameras, digital count boards or tube counters.

Traffic Operations Analysis

Traffic Operations Analysis {Existing and Future No-Build
1. Software
a. Signalized Intersections
Highway Capacity Software (HCS) Release 6.5 (2010 HCM
Methodology) Streets Module
1. Ramp terminal intersections meeting the interchange types
defined in HCM Chapter 22 (Interchange Ramp Terminals) will
be analyzed with the Interchanges section of the Streets
Module.
Analysis of a Diverging Diamond Interchange will follow the
methodology outlined in the ‘Highway Capacity Software
Analysis Procedures for a Diverging Diamond Interchange
(DDIY memorandum, found in the Appendix.
Basic Freeway, Ramp Junctions and Weave Areas
HCS Release 6.5 {2010 HCM Methodology)
Operational Anaiysis Results
a. Level of Service (LOS)
Signalized Ramp Terminal Intersections (SDDOT's System)
1. Intersections where geometry is modified because of project
improvements
a. Minimum allowable LOS - LOS 'C’
Individual movements will be aflowed to operate
at LOS 'D’ but the overal! intersection LOS shall
be ‘C’ or better
Other intersections (intersections within the study area that are
not modified by project improvements)
a. Minimum allowabie LOS ~ LOS 'D’
Individual movements will be allowed to operate
at LOS ‘E’ but the overall intersection LOS shali
be ‘D’ or better
Sighaiized Non-Ramp Terminal Intersections {City of Stoux Fall's
System}
1. Minimum aliowable LOS - LOS D’

HDR Engineering, Inc. 8404 tritian Hil Drive Phore (492) 3234000 Fage 14 of 17
, L HE BB _hdring.
Cpwworkinglomald1971450%-229_MIS_SS4 MethodsAssumptions_151026.d0cx - NE 88 ARG porn
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1-229 MIS Sub-Study #4. M&A Amendment #2

Basic Freeway, Ramp Junctions and Weave Areas
1. Minimum altowabie LOS - LOS 'C’
Variables
a. Peak Hour Factor (PHF)
Existing (year 2012} conditions analysis will use caiculated PHFs from
existing counis with a maximum value of 5.83,
Design year (year 2035) conditions analysis will use existing PHFs
rounded up fo the nearest 0.05 with a maximum value of 0.83.
1. The increase in the PHF is to account for traffic growth that is
likely to be spread throughout the peak periods.
Saturation Flow Rate
SDDOT Design Manual (Page 24, Chapter 15) requires the use of
1,800 vph in Sioux Falls. This value will be used for the signalized
inlersections and freeway locations within the study area.
Traftic Signal Conirollers
Operational analysis will allow for both actuated and coordinated
controliers.
Left-Turn Phasing
Protected, Permitied / Protected or Split Phasing will be allowed at
intersections.
Heaviest Lane Volume {Lane Utilization)
Defauit HCS Streets Values used for ramp terminal / arteriat
intersections.
Heavy Vehicle Percentage
Study intersections
1. Use existing turming movement counts that included truck
counts to determine arterial truck percentages.
Ramp Junctions and Weave Areas
1. Use existing freeway counts that included truck counts to
determine freeway truck percentages.
Phase Change Infervals
Existing (Year 2012} Conditions
1. Existing signal timings will be used for phase change intervals
during existing conditions.
Future No-Build (Year 2035) Conditions
t. Existing signal timings will be used for phase change intervals
of phases that exist at intersections that have no geomeiric
change from existing conditions.
Phase change intervals will be calculated for the following
tocations:
a. New phases added at an intersection where geometlry is
unchanged from existing conditions
All phases at an inlersection where geometry is
changed from existing conditions
The calculated values will be based on methodologies
presented in the Institution of Transportation Engineers (ITE)
Traffic Engineering Handbook. The methodologies presented
in the handbook use vehicle length and speed and the distance
needed {o track through the intersection to calculate phase
change intervals.
h. Speeds

HDR Engineeting, Inc. BAK Iswlian Hifk Difve Phone {462) 366-1000 Page 12 of 17
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1-229 MIS Sub-Study #4. M&A Amendment #2

Arterials — Use posted speeds
it Freeway - Use 85" percentile of collected spot speed data
Right Turm on Red Volume

Existing (Year 2012) Conditions

1. The number of vehicles turning right on red will be assumed to be
zero for all focations initially based on the guidance in the 2010
Highway Capacity Manual,
Intersections reporting LOS E or worse potentially related to right
turn on red velume will be identified and presented to the SAT to
decide if a right turn on red count is necessary.
If a right turn on red count is deemed necessary, video recordings
of existing peak hour traffic at the locations of interest will be used
to count the number of vehicles turning right on red and
incorporated into the HCS analysis at these locations.

Future No-Build (Year 2035) Conditions

1. The number of vehicles turning right on red will be assumed fo be
zero for all locations that were not counted for right turn on red
movements,
For locations that were counted for right turn on red movemenis,
the percentage of right turn on red volume of the iotal volume for
the right turn movement in the existing condition will be multiplied
by the future forecast right turn movement for each approach and
incorporated into the HCS analysis at these locations.
intersections reporting LOS E or worse potentially related to right
turn on red volume will be identified and presented to the SAT to
decide if a right turn on red count is necessary.
If a right turn on red count is deemed necessary, video recordings
of existing peak hour traffic at the locations of interest will be used
to count the number of vehicles turning right on red.
Step 2 will be repeated for all locations where a right turn on red
count was added by the SAT based on a projected future operating
condition of LOS E or worse.

ii. Future Build {Year 2035) Conditions

1. The number of vehicles turning right on red will be assumed fo be
zero for all locations that were not counted for right turn on red
movements
For iocations that were counted for right turn on red movemenis,
the same projected right turn on red volume for Future No-Build
(Year 2035) Conditions will be used, assuming the Future Build
{Year 2035) Condition geometry remain similar to the Future No-
Build {Year 2035} Condition geometry.

Travel Forecast

Existing (Year 2012} and Future Year (Year 2035} volumes developed during Sub-Study
1 will be used for the volumes within the study area for Sub-Study 4. The methodology
for Travel Forecast was documented in the Sub-Study 1 Methods and Assumptions
document,

HDR Engineeting, Inc. 8404 indian Hilis Drive Phone (402) 3691000 Fage 130017
M 114 i
Cpwworkinglomald18714908-229. MIS 554 MethodsAssumations 151076.docx e M 6811 i NG, coes
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Safety issues

Crash dala will be reviewed for the study area based on the Crash Geodatabase
which includes crashes between January 2008 and December 2012. SDDQOT's
database will be the only database used in the calculation of crash rates and critical
crash rates. The following information will be provided as a result of the crash
analysis:

Segment and intersection Crash Rates

Segment and Intersection Critical Crash Rates (per Highway Safety Manual)

Crash Trends

Potential Mitigation Measures to Improve Locations Above Critical Crash Rates

Predictive crash analysis will be conducted for freeway segments, freeway ramps,
ramp terminal intersections, and some arterial intersections with the fimits described in
the Sub-Study 1 & Sub-Study 4 Methods and Assumptions documents, Predictive
crash analysis will be conducted using the following standard procedures / {ools:
All analysis types
For existing conditions:
Geometric information wili be estimated from aerial photography
using tools built in to Googie Earth.
Average daily traffic countis, described in the data collection
section of this document, will be wilized.
For build conditions:
Geometric information avaiiable from design files will be utilized.
Geometric information not available at this leve!l of design will be
assumed o match existing conditions where practical.
Projected future daily volumes, described in the travel
forecasting section of this document, will be utilized.
Calibration factors or South Dakota-specific Safely Performance
Functions will not be used in place of default equations from the
Enhanced interchange Safety Analysis Tool {ISATe).
Existing crash data {2008 — 2012) will be used when forecasting
expected crash frequency for the Existing and the Future No-Build
Conditions using the Empirical Bayes method.
Existing crash data will not be used as a factor when predicting crash
frequency for Future No-Build and Build Alternative Conditions for
comparing these scenarios.
Computed crash prediction frequencies will be reported by crash type
using default distributions included in the Highway Safety Manual where
applicable.
Freeway segments, freeway ramps, and fraditional ramp terminal intersections
ISATe Build 06.10 will be used.
Non-traditional ramps and ramp terminal intersections
o Analysis will follow the methodology outiined in the ‘Crash Prediction

HOR Engireering, inc. 8404 Indian Hits Drive Phone 417 2084000 Fage 14 017
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Analysis Procedures for Diverging Diamond Interchange (DD}, Single-
Point Urban interchange (SPUI), and Two-Lane Loop Ramp’
memorandum, found in the Appendix of this document.

Arterial intersections
Methods from Chapter 12 of the Highway Safety Manual will be used.

Predictive crash analysis will forecast crash frequencies for Existing (Year 2012, for
compatrison to actual crashes), Fuiure No-Build {Year 2035} and Future Build
Aiternative (Year 2035) conditions.

Seiection of Measures of Effectiveness (MOE)

The main goals of this study are as follows:
1. Conduct an interchange oplions study for Exit 9 (Benson Road).

a. Complete a traffic level of service analysis for both existing and
future {2035) conditions along Benson Read from Cliff Avenue to
Sycamore Avenue.

Complete a safety analysis of Benson Road from CIiff Avenue to
Sycamore Avenue,
Complete a predictive safety anaiysis of interchange Exit 9
(Benson Road} for both existing and future (2035) conditions.
Determine and recommend improvement options that will improve
mobility and safety along the Benson Road corridor, including the
I-229 E£xil 9 interchange.
Create final products for use by the SDDQOT and City of Sioux Falis
which will guide them in the impiementation of recommended
improvements that will maximize the efficiency of the system.

To satisfy the study objectives, the following MOEs will be used to evaluate and
compare the concepts:
Benson Road intersections: LEVEL OF SERVICE (LOS} and INDIVIDUAL
MOVEMENT DELAY
Benson Road Corridor: LOS and TRAVEL SPEED
Ramp Terminal Intersections: LOS and INDIVIDUAL MOVEMENT DELAY
Freeway Segments, Ramp Junctions and Weave Areas: LOS and DENSITY

These statements are made assuming that the geomelric improvements identified meet
all AASHTO, SDDOT, and City of Sioux Falls guidelines. it is understood that all traffic
analysis reporting will be completed using HCM 2010 Methodology.

FHWA Interstate Access Modification Policy Points

An Interchange Modification Justification Report (IMJR) will not be developed for the §-
229 Exit 8 {Benson Road} interchange as part of this project.

HOR Engincering, inc. B4 Irctian Hids Dijve Phane {452} 399-1000 Fage 15 of 17
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12. Deviations/Justifications

No deviations from standards are currently known. If it is determined during the study
that deviations are required, the methods and assumptions document will be amended
prior to proceeding.

13. Conclusicn

All sections contained in this document will guide the traffic data collection and traffic
assessment for this study,

Appendices

The appendix includes the folfowing:
Methods and Assumptions Study Team Meeting Minutes (November 2, 2015)
Analysis Procedures for Diverging Diamond Interchange (DDI)
Crash Prediction Analysis Procedures for Diverging Diamond Interchange (DD},
Single-Point Urban Interchange (SPUI), and Two-Lane Loop Ramp

HBR Engineering, ft, 840 infian Hils Diive Fhane (4012) 3301000 Fage 16 of 17
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APPENDIX

HDR Enginuering, ne. B404 Jndian Hike Drive Phene (402 359- 1000 Page 17 ol 17
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Memo

Date:  Wednesday, November 04, 2015

Project:
To:  File
From:  Rob Frazier, P.E.
Jon Markt, £IT
Subject: RE: Crash Prediction Analysis Procedures for Diverging Diamond Interchange (DDF),
joct 8ingle-Point Urban Interchange {SPU$), and Two-Lane Loop Ramp
introduction

This document presents proposed methodelogies for performing crash prediction for a Diverging
Diamond Interchange (DDI), a Single-Point Urban Interchange (SPUI}, and a two-lane loop
ramp. The American Association of State Highway and Transportation Officials (AASHTQ)
Highway Safety Manual (HSM) provides a standard practice for safety analysis over a project's
full life-cycle. The HSM can be faithfuily implemented by a variety of tools including the Federat
Highway Administration’s (FHWA) Enhanced interchange Safety Analysis Tool (ISATe).
However, neither the HEM nor ISATe currently address the DBI, SPUI, or two-lane loop ramp
configurations. In response to these shortcomings, a synthesis of recent and on-going research
yielded these proposed methodologies to address crash prediction for the DDI, SPUI, and two-
lane loop ramp.

Crash Prediction

Crash prediction is a method of assessing safety by applying a combination of Safety
Performance Functions (SPFs) and Crash Modification Factors (CMFs) to a roadway facility to
predict the number of crashes that are statistically likely to occur in an average year. Crash
prediction relies on roadway and roadside geometry, traffic volumes, traffic control, and other
safety related factors to forecast crash frequency. Crash prediction can be performed at the site
level or at the project level. Site level crash prediction involves the use of SPFs or ChMFs to
predict crash frequency for an individual roadway segment or intersection. Project ievs! crash
prediction invoives the use of a CMF 1o estimate the change in crash frequency for a group of
sites that make up the project area. For example, consider the conversion of an at-grade
intersection 1o a grade-separated interchange. The site level analysis would involve calculating
crash frequency for the existing intersection and adjacent roadway segments and the
calculation of crash frequency for the proposed roadway segments, ramps, and ramp terminal
intersections related to the interchange. For a project level analysis of the same example, a
single project level CMF would be used to estimate predicted crash frequency at the
interchange, based on the existing crash frequency at the intersection.

In general, a project leve! assessment is more simple and easier to implement. Site level
analyses provide greater detail and flexibility in both the analysis and presentation of the rasults.
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The proposed methodology appiies site leve! analysis where possible, using project level
analysis only when necessary.

Diverging Diamond Interchange (DD})

DDis have only been in operation in North America since 2009, Considering that HSM methods
rely on observed crash data for the development of SPFs and CMFs, the newness of the DD
has been a major factor in its absence from the HSM and consequently ISATe. Recently
however, researchers have completed several in-depth safety evaluations of DDIis in Missouri.
As an early adopter of DDIs, Missouri provides a good source for DD crash data. The research
has addressed both project level and site level analyses. Based on these studies, the proposed
methodology is as follows:

1. Develop crash predictions for the freeway mainline for the No-Buiid and Build {DDI}
sconditions
Develop crash predictions for theoretical iraditional diamond interchanges for the
locations of the propesed DDI interchanges (predicted crashes for ramps and ramp
terminals).
Develop site level crash predictions for the ramp and ramp terminals for the proposed
DDt designs.

a. Ramps — The ramp crash predictions wili be based on the ramp geometry and
will only be adjusted if specifically indicated by the research.

b. Ramp Terminal intersections ~ The ramp terminal crash predictions will be
developed by applying CMFs from the research to the diamond ramp terminal
predictions. Preliminary CMFs are;

i CMFFaiai&injury =0.63
i CMFPmpertyDamageOniy =0.51
4. As a check on the site level predictions, a project level analysis will also be prepared.
This will use the project level research CMFs to modify the entire diamond interchange
crash pradiction o estimate the entire DDI interchange crash frequency. This value will
be compared with the site level results before finalizing the crash predictions.

Crash type frequency will not be quantitatively predicted for the DDI ramp terminat intersections.
A qualitative assessment will be provided for the trends in crash type associated with the DDI.

Single-Point Urban Interchange {(SPUI)

The SPU! has a much longer history compared {o the DDY, but a similarly limited research base
pertaining to predictive safety. Research has begun on NCHRP Project 17-68 fo develop SPFs
and CMFs directly applicable to SPUIs, but the project is stili on-going. The NCHRP Project 17-
68 will have a significant crash data set (~100 intersections) to develop SPFs and CMFs,
investigations into other research concerning SPUls and crash prediction have not produced
any additional studies. However, some data concerning SPU!s has been made available by
SDDOT (before and after study data for conversion from a traditional diamond interchange fo a
SPUt). Based on these studies, the proposed methodology is as follows:

Should NCHRP Project 17-68 results become available prior to March 2016
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a. Analyze the SPU!l ramp terminal intersection based on methods / equations from

NCHRP Project 17-68.
2. Shouid NCHRP Project 17-68 resuits not be available

a. Perform crash prediction for a traditional diamond interchange with similar
freeway mainling segment, freeway ramp segment, and ramp terminal
interchange characteristics as the proposed SPUL

b. Combine site predicted crashes for the traditional diamond interchange to
develop a project level estimate of crashes.
Muitiply the project fevel estimate of crashes for the traditional diamond by a
projact level CMF based on the available SDDOT data. The preliminary CMF is
0.63 for conversion of a traditional diamond interchange to a SPUI.

Should NCHRP Project 17-68 results not be available, crash type frequency will not be
quantitatively predicted for the SPU! ramp terminal intersection. A qualitative assessment wiil be
provided for the trends in crash type associated with the SPUI. Should NCHRP Project 17-68
resuits be available, recommendations from that project will be utilized fo determine how to

provide crash type frequency information.

Two-Lane Loop Ramp

Single-lane loop ramp safety is addressed at both the ramp segment and ramp terminai
intersection level by the Highway Safety Manual, and most loop ramps are single-tane loop
ramps. The previous reasoning may explain why developing SPFs and / or CMFs for two-lane
loop ramps has not been a primary research direction based on our fiterature review. However,
NCHRP Project 03-105 is on-going research and will attempt to improved roadway design
guidance for single-lane and two-lane loop ramps. The project research plan was o collect
safety data for single-lane and two-lane loop ramps, there may be an opporiunity {o use resulis
of this project to address crash prediction for two-lane loop ramps. Based on this review of
available research, the proposed methodology is as follows:,

1. Should NCHRP Project 03-105 results become available prior to March 2016

a. Analyze the two-ane loop ramp terminal intersection based on data, methods,

equations, and findings from NCHRP Project 03-105.
2. Should NCHRP Project 03-105 results not be available

a. Perform crash prediction for a two-fane ramp segment with tight curvature.,

h. Confirm that the crash prediction for a two-lane ramp segment with tight
curvature produces reasonable crash prediction results, This will involve
comparing the predicted number of single-vehicie and multi-vehicie crashes for
the tight curvature ramp with a standard one-lane loop ramp. if comparison
crash data is available for two-lane loop ramps that will also be considered.
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1-229 MIS Sub-Study #4. ME&A Amendment #1

Methods & Assumptions
T Meeting Documentation

Fadergl Highway
Adminlstration

(S

{ ey Santfe Dotk 3 Loe Nk,

PUBLIC WORKS

Frowddmg & Botter Cualiey of Like for Yoot

Methods and Assumptions Cover Page

Tor  Study Advisory Team (SDDOT, FHWA, City of Sioux Falls}

From: James Untuh, HDR Project: 1220 Major Investment Corsidor Study

Mike Forsberg, HDR

CC: Dave Meier
Fife

Date:  August 28, 2014 iﬂgf 207030

Methods and Assumptions Document

The original Methods and Assumptions document was developed as a summation of the
Methods and Assumptions Meeting held on August 28, 2013 with representatives from the
South Daketa Depariment of Transportation (SDDOT), Federal Highway Administration
{(FHWA), City of Sloux Fails, Sioux Falls MPO, and HDR.

Amendment 1 includes changes to accommodate updated scheduie, SAT team members,
traffic forecasting methodology, and right-furn on red volumes, as discussed af the SAT
meeting heid on August 13, 2014, This document is intended to setve as a historical
record of the process, dates, and decisions made by the study team representatives for
the 1-229 Major investment Cortidor Study: Sub-Study #4.

HOR Enginasring, Ing. G404 Indian Hiis Drive Phone (407} 393-1000 Page 10f 15
(mata, ME 63114 wwhidrinc.com

Cipwworkingtomald 157 56654
228 WIS 554 MathodsAssumptions_140828 dogx
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{-228 MIS Sub-Study #4. M&A Amendment #1
Stakeholider Acceptance Page

The undersigned parties concur with Amendment 1 to this document.

S

Si ignature nature
i ’ nnme/rl’i!f?!‘ l‘a}!:S‘f-
Titl
Date Date
Notes:

{1} Participation on the Study Adviscry Team and/or signing of this
document does not constitute approval of the I-229 Major investment
Corridor Study: Sub-Study #4 Finai Report or conclusions.

(2} Al members of the Study Advisory Team will accept this document as
a guide and reference as the study progresses through the various
stages of development. If there are any agreed upon changes io the
assumptions in this document a revision will be created, endorsed
and signed by all the signatories.

HOR Engineoring, Inc. 8404 Inkan Hils Diiva Phone {407} 3391680 Page 2of 15

Cipwworkingtomald 15756694 Greahi, NE 82144 wwhdrtse som
228 WIS, 554 MothodsAssumptions 140828 docx
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Amendment Notes

HDR Engineering, inc. B4{}4 Indizn Hills Brive Phane {402) 3691660 Page 3of 15

Cipwwoskingloma\d1575660H- Omaha, NE 68114 W NEENG.Com
2289_MIS_554_MethodsAsstmptions_ 140628.docx
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Meeting Minutes
Proiect 1220 MIS
Subject.  Study Advisory Meeting #6, M&A 881.884 Amendment 1
Date:  Wednesday, August 13, 2014

Location  Web Meseting / Conference Call

Attendess:  Dave Meier, HDR Shannon Ausen, City of Sioux Falls
Courtney Sokol, HDR Heath Hoftiezer, City of Sioux Falls
Jon Markt, HDR Amber Gibson, Sioux Fails MFPO
Jason Kienstad, HDR Christina Bennett, SDDOT
Brian Ray, HDR Jett Brosz, SDDOT
Rich Laughiin, HDR Joet Gengler, SDDOT
Ross Harris, HR Green Kevin Goeden, SDDOT
Jon Wiegand, HR Green Steve Gramm, SDDOT

Pete Longman, SDROT
Paul Nikolas, SDROT
Ron McMahon, FHWA
Mark Hoines, FHWA

Topic Facilitator
Introductions Brian Ray
Dynamic Traffic Assignment {DTA) Mode! Review  Jon Markt
with FEBWA
Review Updated M&A Documents Brian Ray
Nexi Steps Brian Ray
Action ltems Responsibili
Revise Methods and Assumptions Documents HDR
Circulate Methods and Assumptions Documents SDDOT
Develop Future Year 2035 No-Build Traffic HDR
Volumes
Analyze Future Year 2035 No-Build Traffic
Valumes
Complete Future Year No-Build DTA Modeling HDR
Start identifying Solutions/ Conduct Solutions HDR

Bevelopment Workshop
Draft schedule/dates for concept workshop

Update website and send out postcards

1. Introductions {HDR, HR Green, City of Sioux Falls, Sioux Falis MPO, SDDOT, FHWA)
2. Dynamic Traffic Assignment (DTA) Model Review with FHWA
Recent DTA Mode! Updates
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HDR discussed the mode! development effort that had transpired since
the previous SAT meeting and summarized the 2 sub-commitiee
confrence calls with FHWA Resource Center.
First Meating, May 22, 2014
a. Discussad the study goals and framework
Discussed details of Cube Avenue Model
c. Discussed volume development (existing and future 2035 No
Build)
d. Action ltlems:
i, Vatlidation of queuing patierns in the base year model
ii. Add discussion on convergence in the validation report
fi. Start future year DTA modeling tor 2035 No Build
Second Meeting, July 25, 2014
a. Discussed update fo the DTA model
b. Discussed updates to the validation report
¢. Discussed future 2035 No Build volume development
d. Action ltems:
i Revise Method and Assumptions {M&A} Documents
ii. Review model directionality assumptions
iii. Circulate M&A Documenis
iv. Schedule SAT Meeting
FHWA was in agreement with HDR that the development of the existing
conditions DTA mode! had reached completion.
Future no-build DTA modeling was initiated and networks and trip tables

are currently under fine tuning.

3. Review Updated M&A Documents
Sub-Study 1
SDROT noted the format of the Amended M&A needs to be modified so that itis
not confused with original M&A
Study Schedule
Schedule shifted to extend Future Needs Analysis
SDDOT correcied the Pubfic Meeting #1 date of October 2013 (not 2014)
Study Advisory Team Members
Updated based on edits received via SDDOT emait on 8/5/14
Right Turn on Red Volume
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HDR summarized the procedure utilized for estimating Right Turn on
Hed volumes used in the HCS analysis,
Travel Forecast
HDR summarized the process used 1o balance existing tuming
movement volumes, and the revised process to generate peak hour
wirning movement forecasts for the 2035 No Build {to be analyzed in
HCS), including a traditional post-processing of macre mode! outpuls
{Cube Voyager}, instead of OTA model outputs. FHWA Resource
Center is In agreement with this process.
a. SDDOT inquired about the peak hour percentage differences
{existing conditions vs. macro model}, and HOR clarified that the
2035 No Build peak hour volumes wili be based on the peak
hour/period {1 hour/2 hour) proportions from the existing
conditions analysis.
The DTA model will be used for concept level screening, which matches
the original study intent.
a. City of Sioux Falls inquired about the use of AirSage data in the
DTA model. HDR confirmed that the AirSage data is only used
as a seed malrix for Qrigin-Destination estimation in the meso-
scale modeling process.
Measures of Effectiveness
MOE's from the DTA modetl to be used in the concept level screening
analysis will allow for alternative comparison in a relative manner.
Sub-Study 2,3 and 4
Schedule
o Similar revisions to those outlined and discussed in 551,
Study Advisory Team Members
o Simitar revisions to those outlined and discussed in $51.
Analysis Years/Petinds
o Similar revisions to those outlined and discussed in 351.
SPDOT and FHWA confirmed that 852, $$3, $54 M&A documents may
still refernce SS1 M&A, as the orignal had.
Right Turn on Red
o Simitar revisions 10 those outlined and discussed in SS1.
4. Next Steps
Updated M&A Documents {851, 882, 883, 884)
Circulate M&A Documents for Signature
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5. Adjourn

Develop Future Year 2035 No-Build Traftic Volumes
Analyze Future Year 2035 No-Build Traffic Volumes
Complete Future Year No-Build DTA Modeling
Will involve addressing additional questions in the macro {static) mode! as
pointed out by the FHWA Resource Center, and supplying an updated DTA
Modet Validation Report.
Start Identifying Solutiors
Conduct Solutions Development Workshop
Additional SAT discussion regarding Stakeholder Meetings scheduled foliowing
the compietion of the 2035 No-Bulid analysis. Target date for Stakeholder
meetings is November 2014, ideally on a Monday/Tuesday, foliowed by Concept
Workshop on Wednesday.
Conflict dates: November 18, 19, 20 (MPO meetings), November 11
{stale holiday}, and November 27, 28 (Thanksgiving)
HDR to provide draft schedute for concept workshop and potential dates
Additional SAT discussion regarding the next Public Meeling. SDDOT requested
an update to the website informing the public that the next public meeting is
targeted for "Early 2015°. HDR will also send out posicards as a project update,

explaining the long delay since the last public meesting.
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{-229 MIS Sub-Study #4. M&A Amendment #1
Introduction and Project Description

Project Background and Understanding

Sub-Study 4 will analyze existing and fulure conditions at the 1-229 interchange at Exit 9
(Benson Road) and atong Benson Road from Cliff Avenue to Sycamore Avenue. The
study will conduct an interchange options study for the 1-229 Exit 8 interchange.

Location

The 1-229 Exit 9 interchange and adjacent Benson Road corridor is located in the
northeastern portion of the Sioux Falis metropolitan area, approximately 1 mile south of
the 1-228/1-90 systems interchange. The mainline interstate study limits include Exii 8
{Rice Street) through Exit 10 {(1-80). The Benson Road study limits include Chff Avenue
through Sycamore Avenue.

An illustration of the Sub-Study 4 study area is shown in Section 4 (Study Area) of this
report.

Need for Study
The study team has determined the following needs for this specific study:

Congestion at the Benson Road / 1-229 interchange,
Future growth along the Benson Road east of 1-229.
Improved pedestrian connectivity.

Determine the nsed for a connection tc SO 100,

The alternatives analysis will incorporate work done on previous studies, including the
Drait Interstate 90/ Interstate 229 Access Meodification Request, as weli as introduce
additional concepts. These additional concepts include, but are not fimited to:

Diverging Diamond Interchange

HBOR Engineering, inc. &404 trdian Hillz Dive Phone (402} 396-100¢ Page 4 of 15

O ipwworkngiomaid15766604- Qmaha, NE 68114 www hdrinc.com
228 MIS_S54_MelhodsAssumptions_ 140824 docx
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Study Schedule

March 2013
July 2013
July 2013-

September 2013-
October 2014

October 2014-
May 2015

May 2015-
September 2015

[-228 MIS Sub-Study #4. M&A Amendment #1

Notice to Proceed, Kickoff Meeting

Methods & Assumptions Documentation

Baseline Conditions Analysis/ Data Collection

Public Meeting #1 {Project Kickoff) {Oct 2013)
Existing Traffic and Operations Analysis
Project Future Conditions (No Bulld

Conceptual Design of Reconfiguration Ogptions for the [-229 Exit 8
Interchange

Conceptual Design of Benson Read Corridor improvements
Public Meeting #2 {Scenaric Building Stage)} (Jan/Feb 2015)
MPO Meeting {Scenario Building Presentation)
Determination of Interchange and Corridor Build Scenarios
Traffic and Operations Analysis of Build Scenarios

Noise Analysis of Build Scenarios

Constructability Analysis of Build Scenarios
Recommendations

Sub-Study 2 Report Documentation

Public Meeting #3 (Draft Report Stage)

MPO Meeting (Final Recommendations Presentation)

FachHities Affected by the Study
Meodifications to the [-228 Exit 9 (Benson Road) interchange and adjacent Benson Road
corridor would have the potential to affect;
The intersections on Benson Road near 1-229.
Adjacent paralief corridor of 60" Street North.
The adjacent parallel corridor providing access o 1-229 at Exit 7 (Rice Street).
The adjacent perpendicular corridor of Bahnson Avenue (extension of Bahnson
Avenue is planned from E 60" Street North to Benson Road).

Previous Studies

The following previous sludies will be reviewed during the course of this study:
Direction 2035, Sioux Falis MPO Long-Range Transporiation Plan {LRTP)

hitp/www siouxfalis.org/~/media/Documents/planning/long-

Sioux Falls Transit Development Plan 2011- 2015

hitp/iwww. sicuxialis.org/~/media/Dacuments/planning/long-
range/2011 2015 Transit Development Plan.pdf

2007 Sioux Falis Bicycle Plan

HDR Engineering, Inc.

Chpwworkingiomald 15756604~
229_M5_554 MethodsAssumptions_140828.docx

H04 Mndiar Hills Drive Page 5ol 15

Qrmiha, NE 8114

Paone (d07) 3001000
e btring. £asm
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1-229 MIS Sub-Study #4. M&A Amendment #1

Bicycle Plan Final.pdf
The Sioux Falls MPO Multi-Use Trail Study
htp://www.siouxfallsmpo.org/documents/MPQO/Planning Documents/SiouxFal

Sioux Falls Major Street and Access Management Plan
http.//www.siouxfalis.ora/~/media/Documents/planning/transporiation/long-
range/maiorstreetplanmediumfinal®20pdf pdf

Interstate 90/ Interstate 229 Access Modification Request (Dralit)

Northeast Transportation Network Feasibility Study

2010 Decennial Interstate Corridor Study and 2000 Decennial Interstate Study

N. Bahnson Avenue Feasibility Study

Benson Road Feasibility Study

ITS Studies from City of Sioux Falls and SDDOT

Study Advisory Team Members

A Study Advisory Team has been formed to guide the study through completion. The
Study Advisory Team is comprised of representative parties of the SDDOT, FHWA and
City of Sioux Falls. Members of the Study Advisory Team are:

Shanncn Ausen City of Sioux Falis - Public Works

Mike Behm SDDOT — Project Development

Christina Bennet! SDDOT — Operations Support

Jeff Brosz SDDOT - Transportation inventory Management
Andy Vandel SDDOT - Project Development (Safe

Joel Gengler SDDOT — Right of War

Amber Gibson Sioux Falis MPO

Kevin Gosden SDBOT - Bridge Design

Steve Gramm SDDOT —- Project Devetopment {Plannin

Heath Hoftiezer City of Sioux Falis — Public Works

Mark Hoines FHWA

Dave Huft SDDOT ~ Research

Bruce Hunt FHWA

Scott Jansen SDDROT ~ Mitchell Region

Captain Alan Welsh South Dakota Highway Patrol

Ryan Kerkviiet Sioux Falls MPQ — Citizens Advisory Committee
Tom Lehmkuhl SDPOT - Project Development (Environmenta
Pete Longman SDDOT — Read Design

Ron McMahon FHWA

Paul Nikolas SDDOT -~ Read Design

Brad Remmich SDDOT — Project Development (Planning)
Craig Smith SDDOT — Mitchell Region

Additional team members may be added as the study progresses.

HDR Engineering, tne. 8404 indizn Hifls Drive Phone (437} 3631000 Fage 6ol 15

£ Apaworkinglomatd 1575669Y- Omaha, NE 66114 v bilfing.com
225_MES_554_MethodshAssumplions_140828.doox
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1-229 MIS Sub-Study #4. M&A Amendment #1
Study Area

The study area for Sub-Study 4 was defined by the Study Advisory Team and is
illustrated in this report for documentation. The study area contains Benson Road from
Cliff Avenue to Sycamore Avenue. Freeway operations will be conducted during Sub-
Study 1 and will alsc be reported in Sub-Study 4 for freeway locations from Exit 7 (Rice

Street) to Exit 10 (1-90}. The following graphic shows the study area and identifies each
of the study intersections.

Sub-Study 4 Study Area

Legend EBO0THSTN

[ sut-study 4 Stuy area

. Sulr-Sludy 4 ntersection

N SYCAMORE AVE

E BENEQN AD

EXIT9

N CLIFF AVE
N LEWIS AVE
M HALLAVE

t-229 Major Investment Corridor Study
Sub-Study 4 Study Area

Benson Road Study Intersections:
Ciiff Avenue

Lewis Avenue

Potsdam Avenue

(-229 Southbound Ramp Terminal
[-229 Northbound Ramp Terminal
Hall Avenue

Sycamore Avenue

HDR Enginaering, inc. 8404 thdian Hils Defve Proag (402) 359-1000 Page 7 of 15
Cipwwaorkingloma\d 15756694- Crmana, ke 66114 W BTinG. oo
228 IMS_SS84_Methodshssumplions 140828.dox
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[-229 MIS Sub-Study #4. M&A Amendment #1

Study Basic Freeway Areas {See also Note 1 below for designated analysis areas as
potential Freeway Weave Areas for segments including auxiliary lanes):
[-229 Northbound between Rice Street (Exit 7} and Benson Road (Exit 9)
[-229 Northbound between Benson Road (Exit 9) and 1-90 (Exit 10}
[-228 Southbound between i-90 (Exit 10} and Benson Road (Exit 9)
1-228 Southbound between Benson Road (Exit 9} and Rice Street (Exit 7)

Segment will be evaluated using Highway Capacity Manual (HCM)} 2010
procedures to determine if the segment meels the criteria for a weave
segment. If the segment meets the weave segment criteria the segment will
be analyzed as a Freeway Weave Area and not a Basic Freeway Area

Study Ramp Junctions:
1-229 Northbound merge from Benson Road {Exit 9)
i-228 Northbound diverge to -0 Eastbound (Exit 10A)
i-229 Southbound merge from 1-90 Eastbound (Exit 10A)
-229 Southbound diverge to Benson Road {(Exit 9)

Analysis Years/Periods
This study will evaluate traffic during and for the following time periods:

Existing Conditions — Existing conditions analyses will be conducted for year 2012
volume conditions. Turning movement counts were collected at severa! study area
intersections in 2012, Intersections that do not already have recent count data from
2012 will be counted by the City of Sioux Falls or HDR as part of this study as described
in Section 6. For existing conditions the following fime periods will be evaluated:

Existing Conditions {Year 2012} ~ AM Peak Hour
Existing Conditions (Year 2012} - PM Peak Hour

Fuiure/ Design Conditions — Future/ Design conditions analyses will be conducted for
year 2035 conditions. This horizon year matches the planning horizon of the current
Sioux Falis LRTP. The Travel Demand Modei was calibrated and updated in year 2009
for a base year 2008 and planning horizon of year 2035. Projected traffic volumes from
the Sioux Falls MPO Travel Demand Model will be utilized to establish year 2035
volumes. For the design conditions the following time periods will be evaluated:

Future/Design Conditions (Year 2035) — AM Peak Hour
Future/Design Conditions (Year 2035) — PM Peak Hour

Interim Conditions — No interim conditions will be evaluated as part of this study.

Voiume data will be smoothed/balanced for ihe Existing and Future/Design Conditions
using the Cube Voyager macroscopic moded, with adjustments to raw model output
based on post-processing techniques, as part of Sub-Study 1.

HOR Enginesring, Inc. 8404 fndian Hiks Drive Phone {402) 399-1040 Page Baf15

CApwworkingloma\d1575665- {lmahia, NE 8114 wiw, fidiing.com
2259 MIE_SS4_MethodsAssumptions_ 140828 doaox
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[-228 MIS Sub-Study #4. M&A Amendment #1
Data Collection

Data Collection is one of the most important items during any transportation planning
study. The data collection efforts are documented below:

Existing Arterial Intersection Turning Movement Count Data

Turning movement counts define actual traffic at the study intersections during the
course of a typical weekday. The most recent turning movement counts available by
the City of Sicux Falis at Benson Road study intersections were mostly conducted in
year 2012. To capture existing conditions on an average weekday, new traffic counts
were coliected at the Benson Road/Cliti Avenue study intersection by HDR in year
2013 to replace a count from year 2011. These counts include volume data in 15-
minute intervals.

Existing Freeway Data

Automated Traffic Recorded {ATR) data was provided for SDDOT Station #610, which
is located between Exit 2 {Western Avenue) and Exit 3 {Minnesota Avenue). The ATR
included hourly directional mainline 1-229 freeway volumes from Sept 2012 to
February 2013. In addition, ATR at Station #610 was provided in 15-minute
increments from March 6 to April 21, 2013.

SDDOT suppiied hourly ramp volume data from year 2012, Study intersection turning
movement counts will be used to determine existing AM and PM peak hour ramp
volumes and then smoothed/balanced along the 1-229 corridor,

Additionai Data Supplied by SDDOT and/cr City of Sioux Falls
Vehicle Classification Samples on {-229 interstate
Supplied by SDDOT
Crash History Geodatabase
Supplied by SDDOT
Inciudes crash records dated January 2008 to December 2012 (5 years)
Roadway Design Standards
availabie online at:
htip://www.sddol.com/business/desian/forms/roaddesiagn/Default. aspx
Construction Plans for 1-229
Suppiied by SDDOT
GIS Base Mapping Data {parcels, patks, streets, rail, plats)
Supplied by Chty of Sioux Falis
2012 Aerial SID files
Supplied by City of Sioux Falls
MPO Travel Demand Model Files in Cube Voyager (Existing and Future)
Supplied by City of Sioux Falls

HOR Engineating, Ihe. 404 Ingian Hilis Drive Phone {402 399-100( Page 9ot 15

¢-\pwwarkinglomald1575669- Omeha, KE 56114 i i com
229_MIS_SS4_MethodsAssumptions_T40828.docx
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i-229 MIS Sub-Study #4. M&A Amendment #1

Data Collection Technigues
All data was collected and will be collected using standard field practices which consist
of using cameras, digital count boards or tube counters.

Traffic Operations Analysis

Traffic Operations Analysis (Existing and Fuiure No-Build

1. Software
a. Signalized Intersections
Highway Capacity Software (HCS) Release 6.5 (2010 HCM
Methodology) Streets Module
1. Ramp terminal intersections meeting the interchange types
defined in HCM Chapler 22 {Interchange Ramp Terminals) will
be analyzed with the interchanges section of the Sireets
Module.
Analysis of a Diverging Diamond Interchange wili follow the
methodology outlined in the ‘Highway Capacity Software
Analysis Procedures for a Diverging Diamond interchange
{DD memorandum, found in the Appendix.
Basic Freeway, Ramp Junctions and Weave Areas
HCS Release 6.5 {2010 HCM Methodology)
Operational Analysis Restifis
a. Level of Service (LOS)
Signalized Ramp Terminal intersections (SDDOT's System)
1. Imersections where geometry is modified because of project
improvemeants
a. Minimum allowabie LOS - LOS 'C
Individual movements will be allowed to operate
at LOS ‘D’ but the overall intersection LOS shatt
be ‘'C’ or better
Other intersections {intersections within the study area that are
not moditied by project improvements)
a. Minimum allowable LOS — 1.OS ‘D'
Individual movaments will be aliowed to operate
at LOS 'E’ but the overall intersection LOS shall
be ‘D’ or better
Signalized Non-Ramp Terminal intersections (City of Sioux Fall's
System)
1. Minimum allowable LOS ~ LOS D
Basic Freeway, Ramp Junctions and Weave Arsas
1. Minimum allowable LOS - LOS 'C’
Variabies
a. Peak Hour Facior (PHF)
Existing {year 2012) conditions analysis will use calculated PHFs from
existing counts with a maximum value of 0.90.
Design year {year 2035) conditions analysis will use existing PHFs
rounded up 1o the nearest 0.05 with a maximum value of 0.90.
1. The increase in the PHF is to account for traftic growth that is
likely to be spread throughout the peak periods.
Saturation Flow Rate

HDR Enginesring, inc. &404 ladian Hilis Drive Phane (442) 359-1600 Fage 16of 15

ana, NE 68114 haing,
Cipwworkinglomaid 15756 684- om RO ot
225_MIS_SSd_MethodsAssumptions 140828 doex
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[-229 MIS Sub-Siudy #4. M&A Amendment #1

SDDOT Design Manuai {Page 24, Chapter 15} requires the use of
1,800 vph in Sioux Falls. This value will be used for the signalized
irersections and freeway locations within the sludy area.
Traffic Signat Conirollers
Operational analysis will allow for both actuated and coordinated
controliers.
Left-Turn Phasing
Protected, Permitted / Protected or Split Phasing will be allowed at
intersections,
Heaviest Lane Volume {Lanse Utilization}
Default HCS Streets Values used for ramp terminal / arterial
infersections.
Heavy Vehicle Percentage
Study Intersections
1. Use existing turning movement counts that included truck
counts to determine arterial truck percentages.
Ramp Junclions and Weave Areas
1. Use existing freeway counts that included iruck counts 1o
determine freeway truck percentages.
Phase Change Intervals
Existing {Year 2012) Conditions
1. Existing signal timings will be used for phase change intervals
during existing conditions.
1. Fulure No-Build (Year 2035) Conditions
1. Existing signal timings will be used for phase change intervals
of phases that exist at intersections that have no geometric
change from existing conditions.
Phase change intervals will be caiculated for the foliowing
locations:
a. New phases added at an intersection where geometry is
unchanged from exisling conditions
All phases at an intersection where geometry is
changed from existing conditions
The calcuiated values will be based on methodologies
presented in the Institution of Transporiation Engineers (ITE)
Traffic Engineering Handbook. The methodologies presenied
in the handbook use vehicle length and speed and the distance
needed to track through the intersection to calculate phase
change intervals.
Speeds
Arterials - Use posted speeds
Freeway — Use g5t percentile of coltected spot speed data
Right Turn on Red Volume
Existing (Year 2012) Conditions
1. The number of vehicles turning right on red will be assumed to
be zero for all locations initially based on the guidance in the
2010 Highway Capacity Manual,
Intersections reporting LOS E or worse potentially related to
right turn on red volume will be identified and presenied to the
SAT 1o decide if a right furn on red count is necessary.

HDR Engineering, inc. 404 Indian Hilis Drve Phone {40 363-100D Page 11 of 15
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if a right turn on red count is deemed necessary, video
recordings of existing peak hour traffic at the locations of
interest will be used to count the number of vehicles turning
right on red and incorporated into the HCS analysis al these
locations,

Future No-Build (Year 2035) Conditions

1. The number of vehicles turning right on red will be assumed {o
be zero for all locations that were not counted for right turn on
red movements,
For locations that were counted for right turn on red movements,
the percentage of right turn on red volume of the total volume
for the right turn movement in the existing condition wili be
multiplied by the future forecast right turn movement for each
approach and incorporated into the HCS analysis at these
locations.
Intersections reporiing LOS E or worse potentially related to
right turn on red volume will be identified and presented to the
SAT to decide if a right turn on red count is necessary.
if a right turn on red count is deemed necessary, video
recordings of existing peak hour traffic at the iocations of
interest will be used to count the number of vehicles turning
right on red.
Step 2 will be repeated for all locations where a right turn on red
count was added by the SAT based on a projecied future
operating condition of LOS E or worse.,

. Future Build {Year 2035) Conditions

1. The number of vehicles turning right on red will be assumed o
be zero for all locations that were not counted for right turn on
red movements
For locations that were counted for right turn on red movements,
the same projected right turn on red volume for Future No-Build
{Year 2035) Conditions will be used, assuming the Fuiure Build
{Year 2035) Condition geometry remain similar to the Future
No-Build (Year 2035} Condition geometry.

Yravel Forecast

Existing {Year 2012} and Future Year (Year 2035) volumes developed during Sub-Study
1 will be used for the volumes within the study area for Sub-Study 4. The methodology
for Travel Forecast was documented in the Sub-Study 1 Methods and Assumptions
document.

Safety Issues

Crash data will be reviewed for the siudy area based on the Grash Geodalabase
which includes crashes between January 2008 and December 2012, SDDOT's
database will be the only database used in the calculation of crash rates and critical
crash rates. The following information will be provided as a result of the crash

anatysis:
HDR Engineering, Inc. 8404 indlian Hills Drive Phone (487) 398.3500 Page 120415
Cripwworkinglomad 15756694 Omaa, NE 88114 Wiy dring. com

228 _MIS_SS4_MelhodsAssumplons 140828 docx
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Segment and Intersection Crash Rates

Segment and intersection Critical Crash Rates {per Highway Safety Manual)
Crash Trends

Potentiai Mitigation Measures to Improve Locations Above Critical Crash Rates

10.  Selection of Measures of Effectiveness (MOE)

The main goais of this study are as follows:
1. Conduct an interchange options study for Exit 8 (Benson Road).
a. Gompiete a traffic level of service anaiysis for both existing and
future (2035} conditions along Benson Road from Cliff Avenue 1o
Sycamore Avenue.
Complete a safety analysis of Benson Road from Ciiff Avenue to
Sycamore Avenue.
Determine and recommend improvement options that will improve
mehbility and safety along the Benson Road corridor, including the
i-229 Exit 9 interchange.
Create final products for use by the SDDOT and City of Sioux Falis
which will guide them in the implementation of recommendad
improvements that will maximize the efficiency of the system.

To salisfy the study objectives, the foliowing MOEs will be used 1o evaluate and
compare the conceplts:
Benson Road Intersections: LEVEL OF SERVICE {L.OS) and INDIVIDUAL
MOVEMENT DELAY
Benson Road Corridor: LOS and TRAVEL SPEED
Ramp Terminal Intersections: LOS and INDIVIDUAL MOVEMENT DELAY
Freeway Segments, Ramp Junctions and Weave Areas: LOS and DENSITY

These statements are made assuming that the geometric improvements identified meet
all AASHTO, SDDOT, and City of Sioux Falls guidelines. it is understood that all traffic
analysis reporting will be completed using HCM 2010 Methodology.

HBR Engineering, Inc. 5404 fndian Hills Drive Phene (402) 393101 Page 13015

Chpwworkingtomald 15756694 Omana, NE 68114 wiw.hdring.com
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FHWA interstate Access Modification Policy Points

An Interchange Modification Justification Report {(IMJR) will not be developed for the i-
229 Exit 9 {Benson Road) interchange as part of this project.

Deviations/Justifications

No deviations from standards are currently known, [f it is determined during the study
that deviations are required, the methods and assumptions document will be amended
prior {0 proceeding.

Conclusion

All sections contained in this document will guide the traffic data collection and traffic
assessment for this study.

Appendices

The appendix includes the foliowing:
Methods and Assumptions Study Team Meeting Minutes (August 28, 2013)

Analysis Procedures for Diverging Diamond interchange (DDI)

HDR Engineering, Inc. #404 fndian Hills Drive Phone (402} 3363000 Page 14 of 15
Clowworkinglomad 15756551 Omaha, ME GBI wawaw, T Lo
229 IMS_554 MethodsAssumptions_ 140828 doox
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APPENDIX

HBR Engineering, inc. 8404 Indian Hills Drive Phone {402) 350-1000 Page 15.of 15
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HOR | S, Meeting Notes

Subfect: Study Advisory Team Meeting No. 3
Client  South Dakota Department of Transportation

Praject 1220 Major Investment Corridor Study Peojoct No: PL. 011 00(87) 3616 P, PCN 044K
Contract 410545, WO PD-02-13
HDR Project No. 207030 Dept 00135

MestngBale: August 28, 2013, 1:00-3:30PM Meeting Location: Web Meeting: SDDQT Pierre
Headquariers; SDDOT Sioux Falls Area
Office; HOR Omaha & Sioux Falls; City of
Sioux Falls; HR Green Des Moines &
Sioux Falls

woles by David Meier,

A Study Advisory Team Mesting for the 1-228 Major investment Corridor Study was held on August
28, 2013. Action items from the meeting are summarized below and discussion details foliow. A
ist of participants and contact information is at the end of meeling notes,

Action ltems
Item R Responsible
oUpdate M&A dacuments for SS 2, 3, & 4 and submit for signature, HDR
o Revise mailing list fimits per SAT comments & submit updated lists to HDR
S0DOT & Gi
o Coordinate on Public Meeting room layout. S HDR/Cit
o Edit website as needed per additional SAT comments. Activate website 3
weeks from SAT #3.
o Determine whether a press conference will be held announcing SDDOT
Study/website.
o dentify SDDOT staff for ITS interviaws. SDDOT

Comments based on the provided Agenda and PowerPcint Presentation:

. introductions (SDDOT, City, MPO, FHWA, HDR/HR Green)

Draft Methods & Assumptions Documents — Sub-studies 2,3, and 4

Sub-study 2

v Sectlon 3 - The Need for Study subsection shouid note the need to consider findings of the
41% Street Corridor Study (City).
Study Schedule tabte shows September 2014 for completion, is there need to officially
extend the project schedule? Yes (see Scheduie section of SAT notes). Comment applies
to all Sub-studies).
Praeviously developed interchange modification alternatives need to be considered. Interim
conditions (post-49™ Street Extension and Costco opening) will need to be considered and
interim improvements may be needed (City). FHWA is concerned regarding proximity of
49" St connection and existing interchange ramp terminals.
Need to review Costco Traffic impact Study for interim improvements noted,
in Study Schedule table, reference to Sub-study 3 Report Documentation should be 88 2.

HDR Engineering, Inc. 84D4 tndian Hills Dive Prone {402) 3991000 Page tcl6
Omahs, Nebrasha 661144098 Fax {462-399-4979
www.hddnc.com
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Add 41* and Grange to list of Facilities Impacted by the Study.

Section § - FHWA has comments regarding differences noted between the described
approach in the SS 2 M&A and the M&A document for Exit 5 (26" Street) for Section 5 and
subsequent sections. if these differences can be addressed, there will be no need for
FHWA to send the M&A documents to the Resource Center for review. Comment applies
to all Sub-studies. FHWA comments were received on 9/3/13 from SDDOT.
Responses to the FHWA comments are tabulated at the end of these noftes.

Sectlon § - Add Scheel's Expansion Study and Wal Mart Traffic Impact Study to list of
previous sludies. The addifions will also be made to the Previous Studies fist in
Section 3.

Sectlon 7 -~ HDR clarified that Synchro will not be used. Applies to all Sub-studiss.
Section 10 ~ The City commented that the Measures of Effectiveness description needs to
clarify that Level of Service "D wili be the minimum criteria for individual intersection
approaches, but not an entire intersection. Applies to ail Sub-studies. Response to this
comment wihll be located in Section 7 of the M&A documents, per FHWA comment.
Section 11 - The City asked if FHWA Regionat Office comments on the previously prepared
draft lUR will need to be noted in the sub-study report. FHWA replied that is unknown at this
time because alternatives are yet to be identified in Sub-study 2,

Section 14 {Appendix) - The Diverging Diamond Interchange analysis procedure attached
are the most current version of the procedure.

Sub-study 3
Section 3 - The City noted that there is a serious capacity issue with the existing
interchange that extends the majority of the day. The M&A will be revised to note that
congestion extends through off-peak periods
Add the foliowing to the Facilities impacted by the Study:
o 18" Street {parallet corridor)
o Lowell Ave {perpendicular corridor)
Strike the SIMPCO Incident Management Plan from the Previous Studies section,
Comment applies to all Sub-studies.
Section 4 - Study Area figure references Sub-study 2. Afso applies to S54 M&A.

Sub-study 4
Section 4 - Study Area description needs to be repiaced with S8 4 specific narrative.

Add Benson Rd Feasibility Study to the Previous Studies section.

Safety Analysis Technical Memorandum
The slippery conditions noted in a significant number of reported crashes were mostly during
winter weather {(approximately 90%), but some were documented as wet pavement. This
pattern was noted for the CIiff Ave to Louise Ave segment as well as the 26" Street area along
[-229,
Enhanced driver information during inclement weather was noted as a potential mitigation
measure. The {TS recommendations section of the Sub-study 1 report wilt provide additional
details on this recommandation.
it was noted that the safety analysis findings may suggest review of snow removaf operational
procedures.
Crashes associated with traffic congestion were found o be mostly located on ramps. SDDOT
noted that right-turning traffic on the northbound 10" St exit ramp has been shifted onto the
paved shouider with pavement markings to provide additional storage. The southbound 10" St
entrance ramp has been extended to provide more merging length upstream of the ramp gore.

Public Invoivement Actlvities

Public Meeting
HDR Englineering, fnc. BI0G 5. O Vilkega Place, Sule 160 Phong {605 9771740 Page 201 6
Sinw Fals, 5D 571082102 £ {605) 977-7747
woww.NIGANG. 20m
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The 1% Public meeting will be held on Wednesday October 30™ from 5:30-7:00 pim at
the Convention Center.

Press release to be placed in the Argus Leader 17 and 10 days in advance of the meeting.
There will be no weekend advertisements due to substantial additional cost involved. .
Seating will be limited to about 150. Additional seating capacity may be needed for the 2™
public meeting, when mailings will include extended limits for Sub-studies 2, 3, and 4.

The formal presentation will be kept brief and presented once. The presentation will be

tapead.
HDR wili coordinate with the City on the room layout for the public meeting.
HDR Mailing list

Approximately 600 addressees on the current mailing fist.
Check the ownership of the open area shown on the north side of -229 just east of the }
29/1-229 system interchange and south of W 50" St.
HDR will send a coordination letter to addressees on the Exit § Study maiiing list alering
them fo the |-229 study.
Revise the mailing area to reduce the number of properties contacted west of Western
Avenue and north of k229,
Add the properties along both sides of Minnesota Ave extending south to £ 57% St,
At 10" St, mailing iist coverage will be extended to S Giiff Ave 1o the west and to S
Sycamore Ave to the east.
Updated mailing Hsts will be sent to Steve Gramm and Shannon Ausen.
Postcards will be used for the public meeting mailings.
Message boards will be used fo assist in advertising the public meeting. The City can
provide some of the message boards to be used. FHWA does not object to placing
message boards in the 1-229 right of way for this purpose.

Draft Web site
HOR has made updates to the website reflecting comments received to date. Additional
comments should be sent to Jason Kienstad.
SDDOT will consider conducting a press conference to announce the study andfor web site.
The website is to be activated at Jeast two weeks prior to advertising for the October 30%
public meeting and may be activated in three weeks from this SAT meeting (pending further
SAT comments).

Origin-Destination Data
HDR presented an overview of the cell phone-based O-D data gathered by AirSage that
focused on the following objectives:
Exiernal {o external patterns
Comparison of average weekday travel patterns to average weekend day and two special
events days for which data was coflected.
Comparison of the cell phone-based O-D data to the O-D matrix generated by the Sioux
Falls area modei.
The O-D data presentation screens were provided as a part of the SAT meeting agenda file in
pdf format.
The data coltection process invoived approximately 100,000 device (cell phone) sightings per
day and a totai of 1.5 million unique devices logged. Of thattotal, 146,000 devices were
assumed to be area resident phones, based on observed patterns. Based on a 446,000 person
population for the data collection area, the calculated sampling rate was over 32 percent. The
total trips per day identified averaged around 200,000. The SAT questioned the 446,000
population figure as far in excess of the metropoiitan area (approximately 225,000 poputation).
HDR will provide an explanation of the area covered for that population. Response: The
446,000 population is for the entire 0-D study area that includes the Sioux Falls

HBR Engineeting, inc. §300 5. 0ld Viltage Fiace, S 100 Phone (605} 997-7740 Page 301 6
Sloux Falig, SD 571082107 Fax {605) 977.7747
v Redivie com
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metropolitan area and the surrounding buffer area (shown on Exhibit 1 from the
presentation following these notes) that was used to identify external trips.

Each day of the week was found to have a typical pattern with Fridays having the peak number
of trips and Sundays having the lowest number.

Local versus regionat traffic patterns were reviewed for [-28 south of Sioux Falls, which
indicated that 84 percent of trips on (-28 had an origin or destination within the Sioux Falls metro
area. The SAT requested that the Jocallregional patierns be reported for 1-29 north of Sioux
Falis and for 1-90 east and west of Sioux Falls, Response: The 0-D patterns for focal and
regional trips for 1-29 north and 1-90 east and west are shown on Exhibits 2, 3, and 4
following these notes.

For the average weekday vs. weekend day comparison, O-D patterns between most zones
showed decreases of 15 to 50 percent, with exceptions heing shopping area zones and the
casing.

Both the construction incident special event day and the winter weather special event day were
found 1o have quantities of irips similar to the average week day.

For the construction incident day vs. the average weekday comparison, most zones had
variances of +/- 10 to 50 percent trips. The SAT asked if most of the variances were more likely
+/- 20 {o 30 percent. Response; Exhibit 5 following these notes labels the variance
percentages for each zone.

The City has not reviewed the O-D data yet, but expects that it will prove helpful in improving O-
D patterns built into the modef.

Project Schedute

HDR advised the SAT that final reporis for the sub-studies will likely be issued at the end of

September 2014,

MNext Steps

HDR wili coordinate with the City on the room fayout for the public meeting.

Other litems - Mo discussion

SDDGT advised that data collection for the {TS assessment task will involve interviewing
identifled DOT staff instead of reviewing previcusly developed ITS planning documents.

A presentation by IADOT staff regarding the Tri-State |ncident Management Plan for the Sioux
City metropolitan area will be given on Monday September §" from 4-3 pm in the SDDOT Area
Office. Steve Gramm will be attending.

Attendees:

Plerre

Mark Hoines - FHWA
Ron MchMahon - FHWA
Jeff Brosz ~ SDDOT
Scott Jansen - SDDOT
Tom Lehmkuht - SDDOT
Sloux Falls

Shannon Ausen — Sioux Falls
Craig Smith - SCDOT
Consultant Team

David Meier - HDR

Jon Markt - HOR

HOR Engineering, inc.

Steve Gramm - SODOT
Kevin Goeden - SDDOT
Bave tfuft - SDDOT
Pete Longman - SDDOT
Terry Keller - SDDOT

Paui Nikolas - SDDOT

Brian Ray - HDR
Jason Kjenstad - HDR

Joel Gengler - SDDOT
Brad Remmich - SGDQOT
Nicole Frankt - SDDOT
Christina Bennett - SCDOT

Courtney Sokol - HDR
Ross Harris ~ HR Grean
Bilt Moran — HR Green

6300 S. Ok Vilage Piace, Sulla 100 Fhone [05) 977-7740 Page 4 of 6

Shoux Falig, 50 5082102
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o fdding.com

Page 48 of 92



{-220 M Corridor Study SAT Meeting #3
August 28, 2013

Responses to FHWA Comments on M&A Documents for Sub-studies 2, 3, and 4 Received
8/3/13

Below are responses to FHWA comments on the [-229 M&A documents. The respense regarding
content of the M&A documents is noted in bofd text.

Section Comment o Response
Section § — Analysis  Add a note regarding factoring and A nofe will be added that discusses
Years/Perlods balancing volumes. the use of balanced volumes

provided by the Cube Avenue
mesoscopic model that is being
utilized for the project.

Section 7 - Traffic  Why is Synchro being used on 26 Traffic operations anaiysis results will

Operations Analysis  Street but not on this study? be based on Highway Capacity Manual
{HCM) 2010 methodologies, as was
stipuiated in the study scope.
Currently, the most accurate ool to
perform operational anatysis using
HCM 2010 methods is Highway
Capacity Software (HCS) 2010. The
use of Synchro would be redundant
and provide no additional operationat
results. No revisions to the analysis
tools section are pfanned for the I-

i 229 M&A documents,

Sectlon 7 - Traffic  List the aljowable LOS similar to Allowable LOS criteria will be listed.

Operations Analysis  the 26" Street MBA. - )

Sectlon 7~ Traffic ~ The 1-229 M&A documents say the  Using the existing PHFs rounded up to

Operations Analysis  analysis of fulure year conditions  the nearest 0.05 with a maximum of

will use existing PHFs rounded up  0.90 wilf capture locations with high

to the nearest 0.05 with a peaking characteristics within a 15-30
maximum of 0.90. The 26" Street minute time span. Since the peaking
document said the future year characteristics are unlikely to become
analysis would use 0.8, much more uniform across the peak

hour in future year conditions, this
appreach is considered more
conservative than using 0.90 at alt
locations. No revisions to the PHFs
section are plannsed for the 1.229
MEA documents,

Section 7 - Traffic  The 26* Street M&A document The 1-229 M&A documents state the

Operations Analysis  has more details conceming use of the methodologies presented in
phase change interval vaiues that  the ITE Traffic Engineering Handbook
will be used in the analysis, instead of stating the red change

inferval in the M&A document, as in the
26" Sireet document. No revisions to
the phase change interval section
are planned for the I-228 M&A
..., documents,
Sectlon 7 - Traffic  The 1-229 M&A documents state Based on discussions with the
Operations Analysis  the use of the posted speed for developer of HCS, McTrans, Speed

arterial analysis, The 26" Street limit is used to compute Base
ME&A states the use of 3 mph EFS. FFSis only used as an input to
HDR Enginsgring, fne. 6300 5. Ot Vittage PMaca, Suite 100 Phoiig {605] 977-7740 PageSofb
Shayk Falis, S0 STH08-H07 Feon (B05) §77-7747
i el Coin
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above the posted speed for the the ratio of the speed limit and is

FFS. applied to an entire corridor. This ratio
is used in the stop rate calculations for
determining the Auto Perception index
Score for the arerial sagment, not
Level of Servica. No revisions fo the
speeds section are planned for the |-

Segction 10 - The arterial corridor segment Delay is incorporated into the travel
Selection of MOEs for 26" Street also included  speed MOE. Based on Chapter 17 of
Measures of delay as a reported MOE. the HCM, the travel speed reflects the
Effectiveness factors that influence running time

along the link and the delay incurred by
through vehicies at the boundary
intersection. HCS reports generated
will be included in appendices of
analysis submittals. These reporis
contain additional information such as
delay for those interested in the
relationship between travel speed and
delay. No revisions to the arterial
MOE bullet are planned for the 1-229
M&A documents.

Section 10 - The 26" Street MBA alsc included A bullet will be added report MOEs
Selection of a butlet regarding reported MOEs  at ramp terminal intersections. This
Measures of af ramp ferminal intersections will include LOS and Individual
Effectiveness (LCS and Individuai Movement Meovement Delay.
Delay}.
HOR Engineering, kic, B300 8, Olg village Plscs, Sulte 100 Phone {805) 9777140 Page 60f 6
Slous Fells, ST57106-2102 Fant (505} 9777747
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ONE COMPANY
Many Selutions™

hHR

Project None

Job No:

RE: Highway Capacity Software Analysis Procedures for a Diverging Diamond
interchange (DDJ)

Introduction

This document presents a proposed methodology for analyzing a Diverging Diamona interchange
(D1} using Highway Capacity Software (HCS) 2010 Streets module. The Federal Highway Agency
(FHWA) has indicated that HCS 2010 is the preferred traffic analysis too! for various projects within
certain agencies. The procedures documented in this memarandum were developed in response to
known challenges of analyzing DDIs in HCS 2010 based on discussions with the software
developer, McTrans. HCS 2010 version 6.50 was utilized to develop this methodology.

Proposed DDI Analysis Methodology

The proposed analysis methodology for DDIs includes manipulation of the intersection movements
at a DD to analyze the ramp terminal intersections as standard four-leg intersections in HCS 2010.
The proposed meathodology involves manipufating the movements at the DDI ramp terminal
intersections of the proposed DD concept to conform to the analysis methodology of HCS 2010
while mimicking similar operational efements of the DDI ramp terminal infersection.

For simplification purposes, the methodology is presented for an arterial oriented north/south and
freeway oriented east/west. The methodology for different orientations would be the same, but
rotated accordingly. Figure 1 expresses the proposed manipulation of the DD ramp terminat
movements into a format with standard four-leg intersections. The modified standard four-leg
configuration shown in Flgure 1 would have split-phase operafions for northbound and southbound
traffic and allow for coordination of the ramp terminal intersections with signals north and south of

the interchange.

HBR Engineering, inc. 8404 Inclige. Higs Drive Phang {403) 180100 Page t1of 6
Omeha, KE 681 14-4098 Fa {42} 3554579
wi higitne. com
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Figure 1. Manipulation of DDI Movements into Standard Four-Leg intersections

DDi Ramp Terminal flovements Modified into

L]

Freeway

* Movernent may also be signalized based on
agency preference and number of lanes.

The following presents details of the proposed manipuiation of intersection movements for the
westbound ramp terminat intersection shown in Flgure 1 from the DDI configuration to a standard
four-leg intersection configuration. Manipulation of intersection movements for the eastbound ramp
terminal intersection would follow simitar methodology.

The DDt westbound ramp terminal intersection would operate as a two-phase signal. The
northbound crossover movement (A) and westbound offramp left-turn movement (C) would

HAR Engineering, tnc. BAC4 Indian Hills Dt Phoss {402) 3991000 Page 20f 6
Omeha, HE 561 144096 Fax (402} Jaf-4070
Wikt fidrinc.com
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travel through the intersection during the first phase (e.g., phase 2). The southbound
crossover movement (B) and westbound off-ramp right-turn movement (D) would travel
through the intersection during the second phase (e.g., phase B).
The two-phase operations of the DDI would be modified to two-phase operations with a four-
leg intersection configuration. For example, at the westbound ramp terminal intersection:
o The northbound crossover movement (A) of the DD wouid be freated as 2
northbound through movement in the four-leg intersection configuration.
The northbound lefi-turn movement of the DD in advance of the crossover would be
treated as a northbound right-furn movement in the four-teg intersection
configuration.
The value for right-turn-on-red (RTOR) for the northbound right turns would
be set to zero. This assumes that all northbound right turns wouid only be
able {o turn during the northbound green signal indication. This assumption
is conservative since these vehicles would be able to complete this turning
maneuver during a northbound red signal indication in the DDI configuration,
white the northbound gueue of the crossover movement does not exiend to
the turning mavement location. However, due to the unknown percentage of
time that the northbound through movement would extend beyond the turning
movement iocation, it is assumed that ne vehicles would be able to turn right
on red.
The southbound crossover movement {B) of the DDI would be treated as a
southbound through movement in the four-leg intersection configuration.
The southbound right-turn movement of the DD in advance of the crossover would
be treated as a southbound right-turn movement in the four-leg intersection
configuration.
The value for right-turn-on-red (RTOR) for the southbound right turns would
be set to zero. This assumes that all southbound right tums would only be
able 10 urn during the scuthizound green signal indication. This assumption
18 conservative since these vehicles would be able to complete this furning
maneuver during a southbound red signal indication in the DD! configuration,
while the southbound queue of the crossover movement does not exiend to
the turning movement location. However, due 1o the unknown percentage of
time that the southbound through movement would extend beyond the turning
movement location, it was assumed that no vehicles would be able to turn
right on red.
The westbound off-ramp ieft-turn movement (C) of the DD} would be treated as an
gastbound right-turn movement in the four-leg intersection configuration.
This movement would be treated as an eastbound right-turn movement at a
signal with RTOR allowed. The value of RTOR would be based on the
‘RTOR Reduction’ factor shown in the HCM 2000 report obtained from
Synchra traffic analysis software {Synchro would be used to code the
modified four-leg configuration and obtain the RTOR vaiue for this
movement).
The westbound off-ramp right-turn movement () of the DDH would be treated as a
westbound right-turn movement in the four-leg intersection configuration.

HDR Engineering, Ine. 8404 tndtan HLs Drive Phone {402} 3981000 Page 3of 6
Omaha, ME 65114-4008 Fax (402) 3894678
W fuSring. oo

Page 58 of 92



RTOR for the westbound right-turn movement wouid likely be restricted in the
DD configuration for safety purposes; therefore, the RTOR of the westbound
righi-turn movemant four-ieg configuration would be setta ‘0. For locations
where the controlling agency would operate the westbound off-ramp right-turn
movement (D) of the DD! with RTOR allowed, the value of RTOR would be
based on the 'RTOR Reduction’ factor shown in the HCM 2000 report
obtained from Synchro,
In the modified version of the four-leg intersection the northbound (A) and easibound
(C) movements would travel through the interseetion during the same phase (e.g.,
phase 2). This would be consistent with the overlapping northbound crossover
movement (A) and westbound off-ramp left-turn movement (C} of the DDI.
In the modified version of the four-leg intersection the southbound (B) and
westbound (D) movements would travel through the intersection during the same
phase (e.g., phase ). This would be consistent with the overlapping southbound
crossover movement (B} and westbound off-ramp sight-turn movement (D) of the
Dol

The foliowing presents specific details of coding elements in HCS 2010 Streets to mode! the
westhound ramp terminai intersection shown in Figure 1 as & standard four-leg intersection of the
DB intersection. Manipuiation of intersection movements for the eastbound ramp terminal
intersection would follow simitar methodology.

To modet split-phase operations for the arterial street (northbound and southbound
movements) in HCS 2010 Streets, the following coding elements wouid be needed.
Additionally, the diagrams shown in Figure 2 supplement the coding elements listed below.

HBR Engingering, bnc.

Artificial ("dummy”) northbound and southbound lefi-turn movements would be added
with protected phasing. These movements would not serve any of the DD traffic,
The added left-turn phases would be phass 5 for the northbound 1eft-turn movement
and phase 1 for the southbound left-turn movement (based on the praviously
mentioned example phasing of phases 2 and 6 for the northbound and scuthbound
through movements, respectively).

The eastbound and westbound right-turn movements would be overlapped with the
northbound and southbound left-turn movements.

The southbound left-turn movement would be setto a lagging left-turn phase so that
the northbound and southbound feft-turn movements would not need to have a green
signal indication simultanecusly.

The Recall Mode for the northbound and southbound lefi-iurn movements would be
set fo ‘Max’',

Fastbound and westbound phases (phases 8 and 4, respectively) would be required
to be included to meet the criteria for signal timings in HCS 2010 Streets. This would
include eastbound and westbound through movements with zero volume. These
phases would have a green signal indication simultaneously for 1 second (the
minimum time aliowed for a phase). This effectively serves as the Red time for the
previous split that serves southbound traffic. This 1 second phase for the eastbound
and westbound approaches is labeled as "“Dummy” All Red Phase in Figure 2. To
counter the additionai 1 second of green time given to the eastbound and westhound
right-turn movements, each of these movements wouid be given an additional 0.5

8404 noian Hiks Drive Fhona (402 381000 Page 4 of 6
(Omaka, NE 68114-4058 Faa (807 3504970
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seconds of "Start-Up Lost Time”. Each of these right-turn movements woult
experience the extra 0.5 seconds of “Start-Up Lost Time” during the “Dummy* Al
Red Phase and during their normat phase of operation (Phase 1 or 5}, totaling 1
second of additional “Stari-Up Lost Time” over the course of 1 signal cycle for the
eastbound and westbound righi-turn movements.

The Demand for the northbound and southbound left-turn movements would be set
to 1" in order for phases 1 and 5 to be given a green signal indication (otherwise, all
of the time would be given to the phase where northbound and southbound traffic
travei through the intersection simultaneously}.

Flgure 2. Sample HCS 2010 Streets Phasing for the Westbound Ramp
Terminal intersection

"Dummy” Laft-
Turn Movemenis
with Max Recali

Operational Phases and
J L
1l

a0 oo 30 ['m
49 0.0 40 0.0

Phase 1 "Dummy” All
Lagging Red Phase

The following coding elements would also be included in HCS 2010 Streets to mimic the

movements of the DDI.
o The Arrival Type for the eastbound and westbound right-tusn movements would be

'3, representing random arrivals from the freeway. The Arrival Type for the

HOR Enginearing, Inc. B404 Tradian Hils Drive Phone (402} 368-1000 Page 50l 6
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northbound and scuthbound approaches would be ‘4', representing coordination of
signals. However, the arrival patterns of the northbound and southbound
movements wouid be dictated by the signat timings at upstream intersections and the
coded Arrival Type for the northbound and southbound approaches would not have
any impact on the operations at these intersections.

Phase & would operate with 4 seconds of yellow and 1 second of all red.

Phase 1 would operate with 4 seconds of yeflow and 0 secands of all red (the ail red
time would be effectively given by the "Dummy” All Red Phase shown in Figure 2).
The Phase Split ime for the northbound left-fur movement (phases 5) would be set
to the optimum phase split time for the northbound movement. The Phase Split time
for the southbound left-turn movement (phases 5) would be set to the optimum
phase split time for the northbound movement minus 1 second {{o account for the 1
second "Dummy” Ali Red Phase). The combined split times for the northbound left-
turn movement {phase 5), southbound left-turn movement (phase 1) and
eastbound/westbound movements {phases 8/4) would equal the cycle length of the
signal, teaving no remaining tire for the overtapping phase where northbound and
scuthbound through traffic would travel through the intersection simuitanecusly.

The speed kmit would be set to 26 mph to account for lower speeds through the
crossover and channelized turn movements. The exception to this would be for the
southbound approach that arrives from outside of the DRI and would be set lo the
speed limit of the Arterial Street.

The Interchanges feature within HCS Streets would be used to update the Tuming
Radius for the turn movemenis based on the concept/design. This would account for
the larger radii at the turning focations of the DDI. The Interchange Type within the
tnterchanges secticn does not include DEH as an option and would be set to
Diamond.

As mentioned previously, the modified standard four-leg configuration would have split-phase
operations at the ramp terminal intarsections for northbound and southbound traffic and aliow for
coordination of the ramp terminal intersections with signais north and south of the interchange. The
signal offset vatues at the ramp terminals would be based on the turn paiterns at each intersection
to maximize platooning of traffic through the two signals. Signal offsets at intersections adjacent to
the ramp terminals wouid be based on the offsets established at the ramp terminal intersections.

HDR Engineering, ine. B4 tndias Hilks Drive Phona (407 3551000 Page6of 6
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HR |25 Methods & Assumptions
@kﬁ""ﬁm Meeting Documentation
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Methods and Assumptions Cover Page

{-229 Major Investment Corridor Study: Sub-Stud
am (SDDOT, FHWA, City of Sioux Fails)

Project 1-228 Major Investment Corridor Study

Date: Qctober 7, 2013 ob 207030
[}

This Methods and Assumptions documen! was developed as a summation of the Methods
and Assumptions Meeting held on August 28, 2013 with representatives from the South
Dakota Department of Transportation (SDDOT), Federal Highway Administration (FHWA),
City of Sioux Falls, Sioux Fails MPO, and HDR. This document is intended fo serve as a
historical record of the process, dates, and decisions made by the study team
representatives for the I-22¢ Major investment Corridor Study: Sub-Study #4.
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2, Stakeholder Acceptance Page

The undersigned parties concur with the Methods and Assumptions for the /-229
Major Investment Corridor Study: Sub-Study #4 as presented in this document.

FHWA
Signature lgnature 4 y
Title Title
Date Date

Notes:

{1} Participation on the Study Advisory Team and/or signing of this
document does not constitute approval of the /-229 Major Investment
Corridor Study: Sub-Study #4 Final Report or conclusions.

{2} Ali members of the Study Advisory Team will accept this document as
a guide and reference as the study progresses through the various
stages of development. if there are any agreed upon changes to the
assumptions in this document a revision will be created, endorsed
and sighed by alf the signatories,

8404 Indian Hils Deive Phasa (402} 399-1000 Page 20f 13
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Introduction and Project Description

Project Background and Understanding

Sub-Study 4 will analyze existing and future conditions at the 1-229 interchange at Exit 9
{(Benson Road) and along Benson Road from Cliff Avenue to Sycamore Avenue. The
study will canduct an interchange options study for the 1-229 Exit 8 interchange.

Location

The i-229 Exit 8 interchange and adjacent Benson Read corridor is focated in the
northeastern portion of the Sioux Fails metropolitan area, approximately 1 mile south of
the 1-228/1-90 systems interchange. The mainfine interstate study limits include Exit 8
(Rice Street) through Exit 10 (I-90). The Benson Road study limits include Cliff Avenue
through Sycamore Avenue,

An fllustration of the Sub-Study 4 study area is shown in Section 4 (Study Area) of this
report.

Need for Study
The study team has determined the following needs for this specific study:

Congestion at the Benson Road / 1-229 interchange.
Future growth along the Benson Road east of 1-229,
improved pedestrian connectivity.

Determine the need for a connection to 8D 100.

The alternatives analysis will incorporate work done on previous studies, inciuding the
Draft interstate 90/ Interstate 229 Access Modification Request, as well as introduce
additional concepts. These additional concepts include, but are not limited o

Diverging Diamond {nterchange

HAR Englnesring, inc. B4O4 tndlan Hiks Drive Prons {402} 308.1000 Page 30f 15
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Study Schedule

March 2013

June 2013

June 2013
August 2013
September 2013-
October 2013
Novemnber 2013-
March 2014 '

Aprit 2014-
September 2014 °

Original M & A

Notice to Proceed, Kickoff Meatin

Methods & Assumptions Documentation
Baseline Conditions Analysis/ Data Collection

Existing Traffic and Operations Analysis

Project Future Conditions {No Buil

Conceptual Design of Reconfiguration Options for the 1-229 Exit
9 Interchange

Conceptual Design of Benson Road Cotridor Improvements
Public Meeting #2 (Scenario Buiiding Stage) {Jan/Feb 2014)
MPO Meeting (Scenario Building Presentation)
Determination of Corridor Build Scenarios

Traffic and Operations Analysis of Buiid Scenarios

Noise Analysis of Build Scenarios

Constructability Analysis of Build Scenarios
Recommendations

Sub-Study 4 Report Documentation

Public Mesting #3 (Draft Report Stage)
MPO Meeting {Final Recommendations Presentation}

Dates may be subject to future review to adjust for dafa collection delay to dafe.
Note: The Study Schedule for Sub-Study 4 after August is expected to coincide with the
Study Schedule for Sub-Siudy 1.

Facilities Affected by the Study
Modifications te the 1-228 Exit 9 (Benson Road} interchange and adjacent Benson Road

corridor woutd have the potential to affect:
The intersections on Benson Road near 1-229.

Adjacent parailel corridor of 80" Street North.

The adjacen! parallel corridor providing access fo 1-229 at Exit 7 (Rice Street).
The adiacent perpendicutar corridor of Bahnson Avenue {(extension of Bahnson
Avenue is planned from £ 60" Street North to Benson Road).

Previous Studies

The following previous studies will be reviewed during the course of this study;
Direction 2035, Sioux Falis MPO Long-Range Transportation Plan (LRTP)

Sioux Fals Comprehensive Development Plan

maps/Ci

ouxfails, orgl~/ iaftoc in sf/icha

Sioux Falls Transit Development Pian 2011- 2015

hitp:/h

HDR Engingering, Inc.
Clpwworkingiomatd 1 16137 34

lis.ora/~fmedi
t Davel
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2007 Sioux Falls Bicycle Plan
) orai~media/Documents/planni Qrtation/bicycie/

The Sioux Falls MPQ Multi-Use Trail Study
Sioux Falls Major Street and Access Management Plan

Interstate 80/ Interstate 229 Access Modification Request (Draft)

Northeast Transportation Network Feasibility Study

2010 Decenmnial Interstate Corridor Study and 2000 Decennial Interstate Study
N. Bahnson Avenue Feasibility Study

Benson Road Feasibility Study

ITS Studies from City of Sioux Falls and SDDOT

Study Advisory Team Members

A Study Advisory Team has been formed to guide the study through completion. The
Study Advisory Team is comprised of representative parties of the SDDOT, FHWA and
City of Sioux Falls. Members of the Study Advisory Team are:

Shannon Ausen City of Sioux Falis ~ Public Works

Mike Behm SDROT - Project Development

Christina Bennett SDDOT - Operations Support

Jeff Brosz SDDOT - Transportation inventory Management
Nicole Franki SDDOT - Project Development (Safet

Joel Gengler SDROT — Right of Wa

Amber Gibson Sioux Falls MPO

Kevin Goeden SDDOT - Bridge Design

Steve Gramm SDDOT — Project Development (Plannin

Heath Hoftiezer _ City of Sioux Fails ~ Public Works

Mark Hoines FHWA

Dave Huft SDDOT — Research

Bruce Hunt FHWA

Scott Jansen SDDOT — Mitchell Region

Captain Kevin Joffer South Dakota Highway Patroi

Rick Kiley Sioux Falls MPO - Citizens Advisory Commiitee
Tom Lehmkuhl SDDOT - Project Development (Environmental
Pete Longman SDDOT ~ Road Design

Ron McMahon FHWA

Paul Nikolas SDBOT - Read Design

Brad Reammich SDDOT -~ Project Development (Plannin

Craig Smith SDDOT — Mitchell Region

Additional team members may be added as the study progresses.

HOR Engfneeding, Ine. §40d indian Hls Dxive Phora {402} 3961000 Page 50f 13
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S{udy Area

The study area for Sub-Study 4 was defined by the Study Advisory Team and is
Hustrated in this report for documentation. The study area contains Benson Road from
Cliff Avenue to Sycamore Avenue, Freeway operations wifl be conducted during Sub-
Study 1 and will also be reported in Sub-Study 4 for freeway iocations from Exit 7 (Rice

Street) 1o Exit 10 (1-80). The following graphic shows the study area and identifies each
of the study intersections.

Sub-Study 4 Study Area

Legend EEOTHSTN

7% sub-1udy 4 Sty Aves
@  Sub-Budy 4 interaaction

No! 1o Seate

N SYCAMORE AVE

£ BENSON RD

EXIT 9

M CLIFF AVE
N HLL AVE

1-223 Major Investment Corridor Study
Sub-Study 4 Study Area

Benson Road Study Intersections;
Chiff Avenue

Lewis Avenue

Potsdam Avenue

[-228 Southbound Ramp Terminat
1-228 Northbound Ramp Terminal
Half Avenue

Sycamore Avenue

HOR Engingering, Inc. gdm indian Hils Drive Phona {402} 306-H000 Page 6 of 13
Cipwworkaglomald 61373 maha, NE 68114 s Bl com,
289 WS _534_MethodsAssumplions_ 111007 doox
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Study Basic Freeway Areas {See also Note 1 below for designated analysis areas as
potential Freeway Weave Areas for segments including auxiliary lanes):
[-229 Northbound between Rice Street (Exit 7} and Benson Road (Exit 9) *

1-229 Nerthbound between Banson Road {Exit 9) and 1-90 (Exit 10)
1-229 Southbound between I-80 (Exit 10) and Benson Road (Exit 9)
1-229 Southbound between Benson Road (Exit 9) and Rice Street (Exit 7) *

Segment will be evaiuated using Highway Capacity Manual (HCM) 2010
procedures to determine if the segment mesfs the criteria for a weave
segment, If the segrment meets the weave segment criteria the segment will
be analyzed as a Freeway Weave Area and not a Basic Freeway Area

Study Ramp Junctions:
1-228 Northbound merge from Benson Road (Exit 9)

1-229 Northbound diverge to 1-90 Eastbound (Exit 10A)
1-228 Southbound merge from i-80 Eastbound (Exit 10A}
1-226@ Southbound diverge to Benson Road (Exit 9)

Analysis Years/Periods
This study will evaluate traffic during and for the following time periods:

Existing Conditions — Existing conditions analyses will be conducted for year 2012
volume conditions. Turning movement counts were collected at several study area
intersections in 2012, intersections that de not already have recent count data from
2012 wilt be counted by the City of Sioux Falls or HDR as part of this study as described
in Section 6. For existing conditions the following time periods will be evaivated:

Existing Conditions (Year 2012) — AM Peak Hour
Existing Conditions (Year 2012) — PM Psaak Hour

Future/ Design Conditions - Future/ Design conditions analyses will be conducted for
year 2035 conditions. This herizon year matches the planning horizon of the current
Sioux Falls LRTP. The Travel Demand Model was calibrated and updated in year 2009
for a base year 2008 and planning horizon of year 2035, Projected traffic volumes from
the Sioux Falls MPO Travel Demand Mode! will be utiized to establish year 2035
volumes. For the design conditions the following time periods wilf be evaluated:

Future/Design Conditions (Year 2035) — AM Pesak Hour
Future/Design Conditions {Year 2035) — PM Peak Hour

Interim Conditions — No interim condifions will be evaluated as part of this study.

Volume data will be smoothed/balanced for the Existing and Future/Design Conditions
using the Cube Avenue mesoscopic modef,

5404 fovrlam Hitks Diive Fhong (03 3591000 Page 7 of 13
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Data Collection

Data Caliection is one of the most important items during any transportation planning
study. The data collection efforts are documanted below:

Turning movement counts define actual traffic at the study intersections during the
course of a typical weekday. The most recent turning movement counts available by
the City of Sioux Falls at Benson Road study intersections were mostly conducted in
year 2012. To capture existing conditions on an average weekday, new traffic counts
were collected at the Benson Road/Cliff Avenue study intersection by HDR in year
2013 to replace a count from year 2011. These counts include volume data in 15-
minute infervals,

Existing Freeway Dat;
Automated Traffic Recorded (ATR) data was provided for SDROT Station #610, which

is located between Exit 2 (Westem Avenue) and Exit 3 (Minnesota Avenug). The ATR
included hourly directional mainline 1-229 freeway volumes from Sept 2012 to
February 2013. In addition, ATR at Station #610 was provided in 15-minute
increments from March 6 to Aprif 21, 2013.

SODOT supplied hourly ramp volume data from year 2012. Study intersection turning
movement counts will be used to determine existing AM and PM peak hour ramp
voiumes and then smoothed/balanced along the 1-229 corridor,

pal Data Supplied by S Sioux Fails

Vehicle Classification Samples on 1-228 Interstate
Supplied by SDDOT
Crash History Geodatabase
Supplied by SDDOT
o Includes crash records dated January 2008 to December 2012 (8 years)
Roadway Design Standards
available online at;
comfbuysi ignffo
Construction Plans for 1-228
Supplied by SDDOT
GIS Base Mapping Data (parcels, parks, streets, rail, plats)
o Supplied by City of Sioux Falls
2012 Aerial SiD files
o Supplied by City of Sioux Falls
MPO Travei Demand Modet Fites in Cube Voyager {Existing and Future)
Supplied by City of Sioux Falls

HDR Enginecring, Ine. 8404 Fredlan Hils Diive Phone 14025 36910060 Page B of 11
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All data was collected and wili be collected using standard field practices which consist
of using cameras, digital count boards or tube counters,

7. Traffic Operations Analysis

1raffic Operations  alysis
1. Sofiware
a. Signalized Intersections
i. Highway Capacity Software (HCS) Release 6.5 (2010 HCM
Methodology) Streets Module
1. Ramp terminal intersections meeting the interchange types
defined in HCM Chapter 22 (Interchange Ramp Terminals) wili
be analyzed with the Interchanges section of the Streets
Module.
Analysis of a Diverging Diamond interchange wilf follow the
methodoiogy outlined in the ‘Highway Capacity Software
Analysis Procedures for a Diverging Diamond Interchange
{DD1) memorandum, found in the Appendix.
Basic Freeway, Ramp Junctions and Weave Areas
i. HCS Release 6.5 (2010 HCM Methodology)
Operational Analysis Results
a. Level of Service (LOS)
i Signalized Ramp Terminal Intersections (SDDOT's System)
1. intersections where geomety is modified because of project
improvements
a. Minimum allowable LOS - LOS 'C’

. Individual movements will be allowed to operate
at LOS 'D’ butthe overall intersaction LOS shall
be 'C’ or better

Other intersections (interseclions within the study area that are
not modified by project improvements)
a. Minimum allowable LOS ~ LOS D’

i.  Individual movements will be aliowed to operate
at LOS 'E’ but the overall infersection LOS shall
be ‘D' or better

Signalized Non-Ramp Terminal Intersections (City of Sioux Fall's
System)

1. Minimum allowable LOS - LOS'DY
Basic Freeway, Ramp Junctions and Weave Areas

1. Minimum allowable LOS — LOS 'C’

Variables
a. Peak Hour Factor {PHF)
Existing (year 2012) conditions analysis will use calculated PHFs from
existing counts with a maximum value of 0.90.
Design year (year 2035) conditions analysis will use existing PHFs
rounded up to the nearest 0.05 with a maximum value of 0.90.
1. The increase in the PHF is to account for {raffic growth that is
likely to be spread throughout the peak periods.

Saturation Fiow Rate

HDR Engineering, Inc. 8404 Indhien Hiks Drive Phaitg {402) 3681000 Page 9 of 13
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SDDOT Design Manual (Page 24, Chapter 15) requires the use of
1,800 vph in Sioux Falls, This value will be used for the signalized
intersections and freeway locations within the study area.
Traffic Signai Controllers
Operational analysis will allow for both actuated and coordinated
controllers,
Left-Turn Phasing
Protected, Permitted / Protected or Split Phasing will be aliowed at
intersections.
Heaviest Lane Volume (Lane Utilization)
i, Default HCS Streets Values used for ramp terminal / arterial
intersections.
f Heavy Vehicle Percentage
i, Study Intersections
1. Use existing turning movement counts that inciuded fruck
counts to determine arteriai truck percentages.
Ramp Junctions and Weave Areas
1. Use existing freeway counts that included truck counts to
determine freeway truck percentages.
Phase Change intervals
i.  Existing (Year 2012) Conditions
1. Existing signal timings will be used for phase change intervals
during existing conditions.
i. Future No-Build (Year 2035) Conditions
1. Existing signal timings will be used for phase change intervals
of phases that exist at intersections that have no geometric
change from existing conditions,
Phase change intervals will be calculated for the following
focations:
a. New phases added at an intersection where geometry is
unchanged from existing conditions
All phases at an intersection where geometry is
changed from existing conditions
The calculated values will be based on methodologies
presented in the Insfitution of Transportation Engineers (ITE)
Traffic Enginesring Handbook. The methodologies presented
in the handbook use vehicls length and speed and the distance
needed to track through the intersection to calculate phase
change intervals,
Speeds
t.  Arterials — Use posted speeds
i Freeway — Use 85" percentile of collected spot speed data

Travel Forecast

Existing (Year 2012) and Future Year (Year 2035) volumes developed during Sub-Study
1 will be used for the volumes within the study area for Sub-Study 4. The methodology
for Travel Forecast was documented in the Sub-Study 1 Methods and Assumptions
document.

HDR Engineering, Ine. 8404 indian Hiks Drive Phona (402 3991000 Page 10 of 13
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Safety Issues

Crash data will be reviewed for the study area based on the Crash Geodatabase
which includes crashes between January 2008 and December 2012. SDDOT's
database will be the only database used in the calculation of crash rates and critica
crash rates. The following information will be provided as a result of the crash
analysis:

Segment and Intersection Crash Rates

Segment and Intersection Critical Crash Rates (per Highway Safety Manual)

Crash Trends
Potential Mitigation Measures to Improve Locations Above Critical Crash Rates

10.  Selection of Measures of Effectiveness (MOE)

The main goals of this study are as follows:
1. Conduct an interchange options study for Exit 9 (Benson Road).

a. Complete a traffic level of service analysis for both existing and
future (2035) conditions along Benson Road from CHiff Avenue to
Sycamore Avenue,

Complete a safety analysis of Benson Road from Cliff Avenue to
Sycamore Avenue,
Determine and recommend improvement options that will improve
mobility and safety along the Benson Road corridor, including the
1-229 Exit 9 interchange.
Creafe final products for use by the SDDOT and City of Sioux Falis
which will guide them in the implemantation of recommended
improvements that will maximize the efficiency of the system.

To satisfy the study objectives, the following MOEs will be used to evaluate and
compare the concepts:
« Benson Road intersections: LEVEL OF SERVICE {LOS) and INDIVIDUAL
MOVEMENT DELAY
Benson Road Corridor: LOS and TRAVEL SPEED
Ramp Terminal Intersections: LOS and INDIVIDUAL MOVEMENT DELAY
Freeway Segments, Ramp Junctions and Weave Areas: LOS and DENSITY

These statements are made assuming that the geomelric improvements identified meet
all AASHTO, SDDOT, and City of Sioux Falls guidetines. It is understood that all traffic
analysis reporting will be compieted using HCM 2010 Methodology.

HDR Engineesing, Ine. B404 tndian Hils Brive Phona ([$02) 3081060 Page 11 of 13
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FHWA Interstate Access Modification Policy Points

An Interchange Modification Justification Report {IMJR) will not be developed for the I-
229 Exit 9 (Benson Road) interchange as part of this project.

Deviations/Justifications

No deviations from standards are currently known, If it is determined during the study
that deviations are required, the methods and assumptions document wili be amended

prior to proceeding.

Conclusion

Ali sections contained in this document witl guide the traffic data collection and traffic
assessment for this study,

Appendices
The appendix inciudes the following:

Methods and Assumptions Study Team Meeting Minutes (August 28, 2013)
Analysis Procedures for Diverging Diamond interchange (DD))

HDR £nginesring, ing. B404 tndtan Hids Drive Phone {402) 399-1000 Page 120 13
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APPENDIX
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FOR | s, Meeting Notes

Sutjest: Study Advisory Team Meeting No. 3
Client:  South Dakota Department of Transporation

Project |.229 Major Investment Corridor Study Project No: B} 3100(87) 3818 P, PCN 044K
Contract 410548, WO PD-02-13
HDR Project No. 207030 Dept 00135

Meoling Date: August 28, 2013, 1:00-3:30PM Maetiag Location:  Web Meeting: SDDOT Pierre
Headquarters; SDDOT Sloux Falls Area
Office; HDR Omaha & Sioux Fails; City of
Sioux Falls; HR Green Des Moines &
Sioux Falfs

Moles by Dravid Meier,

A Study Advisory Team Meeting for the 1-229 Major Investment Corridor Study was held on August
28, 2013. Action itemns from the meeting are summarized below and discussion details foliow. A
list of participants and contact information is at the end of meeting notes.

Action [tems

em — Responsible

oUpdate M&A documents for §S 2, 3, & 4 and submit for signature. HDR
o Revise mailing list limits per SAT comments & submit updated lists to HDR
o Coordinate on Public Meeting room layout. o HDR/Cit
o Edit website as needed per additional SAT comments. Activate website 3

weeks from SAT #3. )
o Determine whether a press conference will be hetd announcing SDDOT

Study/website.

Ci

o ldentify SDDOT staff for ITS interviews. SDROT

Comments based on the provided Agenda and PowerPoint Presentation:

. introductions (SDDOT, City, MPO, FHWA, HDR/HR Green)

Draft Methods & Assumptions Documents — Sub-studies 2, 3, and 4

Sub-study 2

v Sactlon 3 - The Need for Study subsection should note the need to consider findings of the
41 Street Corridor Study (City}.
Study Schedule 1able shows September 2014 for completion, is there need to officiaily
extend the project schedule? Yes (see Schedule section of SAT notes). Comment applies
to all Sub-studies).
Previcusly developed interchange modification alternatives need to be considered. Interim
conditions {post-49™ Street Extension and Costco opening) will need to be considered and
interim improvements may be needed (City). FHWA is concerned regarding proximity of
49% St connection and existing intarchange ramp terminals.
Need to review Costco Traffic Impact Study for interim improvements noted.
In Study Schedule table, reference to Sub-study 3 Report Dacumentation should be 8§ 2.

HOR Enginetring, inc. B404 Tnclizn Hils Diive Phona {402 399 1000 Faga 1 of 6
Omaha, Hsbraske 63114-4008 Fa (023584979
v g com
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Add 41* and Grange to list of Facilities impacted by the Study.

Sectlon § - FHWA has comments regarding differences noted between the described
approach in the §S 2 M&A and the M&A document for Exit 5 (26" Street) for Section 5 and
subsequent sections. if these differences can be addressed, there will be no need for
FHWA fo send the M8A documents to the Resource Center for review. Comment applies
to all Sub-studies, FHWA comments were received on 9/3/13 from SDDOT.,
Responses to the FHWA commaents are tabulated at the end of these notes.

Section 6 - Add Scheel's Expansion Study and Wal Mart Traffic impact Study to fist of
previous studies. The addifions wilf also be made to the Previous Studies list in
Saction 3.

Sectlon 7 — HOR clarified that Synchro will not be used. Applies fo all Sub-studies.
Section 10 — The City commented that the Measures of Effectiveness description needs to
clarify that Level of Service "D” will be the minimum criteria for individual intersection
approaches, but not an entire intersection. Appflies to ali Sub-studies. Response to this
comment will be located in Section 7 of the M&A documents, per FHWA comment,
Section 11 - The City asked if FHWA Regional Office comments on the previously prepared
draft {JR will need to be noted in the sub-study report. FHWHA replied that is unknown at this
time because alternalives are yet fo be identified in Sub-study 2.

Section 14 {Appendix) - The Diverging Diamond Interchange anaiysis procedure attached
are the most current version of the procedure.

Sub-study 3
Section 3 - The City noted that there is a serious capacity issue with the existing
interchange that extends the majority of the day. The M&A will be revised to note that
congestion extends through off-peak periods,
Add the foliowing to the Facilities Impacted by the Study:
o 18" Street (parallel corridor)
Lowell Ave (perpendicular corridor)
Sirike the SIMPCO Incident Management Plan from the Previous Studies section.
Comment applies to all Sub-studies.
Section 4 - Study Area figure references Sub-study 2. Also applies fo S84 M&A,

Sub-study 4
Sectlon 4 - Study Area description needs to be replacad with $8 4 specific narrative.

Add Benson Rd Feasibility Study to the Previous Studies section.

Safety Analysis Techaical Memorandum
The slippery conditions noted in a significant number of reported crashes were mostly during
winter weather (approximately 90%), but some were documented as wet pavement. This
pattern was noted for the Cliff Ave to Louise Ave segment as well as the 26™ Street area along
1-229.
Enhanced driver information during inclement weather was noted as a potential mitigation
measure. The ITS recommendations section of the Sub-study 1 report will provide additional
details on this recommendation.
it was noted that the safely analysis findings may suggest review of snow removal operationa
procedures.
Crashes associated with traffic congestion were found to be mostly located on ramps. SDDOT
noted that right-turning traffic on the northbound 10™ St exit ramp has been shifted onto the
paved shouider with pavement markings to provide additional storage. The southbound 10" St
entrance ramp has been extended to provide more merging length upstream of the ramp gore,

Pubtic Involvement Activitias

Public Meeting
HDRE ng!rl eering, inc. 6300 5. Old Viitaga Pracs, Suite 400 Fhore (505} 977.710 Page 20f 6
S Falts, 50 571082402 Fa (505} 97 7-1747
wy, e, com

Page 77 of 92



Original M & A

1-228 M1 Corridor Study SAT Meeting #3
August 28, 2013

The 1* Public meeting will be held on Wednesday October 30" from 6:30-7:00 pm at
the Convention Center.

Press release {o be placed in the Argus Leader 17 and 10 days in advance of the meeting.
There will be no weekend advertisements due to substantial additional cost involved.
Seating will be limited to about 150. Additional seating capacity may be needed for the 2™
public meeting, when mailings wil include exiended limits for Sub-studies 2, 3, and 4.

The format presentation will be kept brief and presented once. The presentation will be

taped.
HDR will coordinate with the City on the room layout for the public meeting.
HDR Mailing list

Approximately 600 addressees on the current mailing list.
Check the ownership of the open area shown on the north side of 1-229 just sast of the |-
29/1-229 system interchange and south of W 59" 8t,
HDR will send a coordination lefter {o addressees on the Exit 5 Study mafling list alerting
fhem to the 1-229 study.
Revise the mailing area to reduce the number of properties contactad west of Western
Avenue and north of 1-229,
Add the properties afong both sides of Minnesota Ave extending south to E 57" St.
At 10" St, mailing list coverage will be extended to S Cliff Ave to the west and to S
Sycamore Ave to the east.
Updated mailing lists wili be sent to Steve Gramum and Shannon Ausen.
Postcards will be used for the public meeting mailings.
Message boards will be used to assist in advertising the public meeting, The City can
provide some of the message boards o be used. FHWA does not object to placing
message boards in the 1-229 right of way for this purpose.

Draft Web site

o HDR has made updates to the website reflecting comments received to date. Additional
comments should be sent to Jasen Kjenstad.
SDDOT will consider conducting a press conference to announce the study and/or web site.
The website is to be activated at ieast two weeks prior to advertising far the October 30"
public meeting and may be activated in three weeks from this SAT meeting (pending further

SAT comments).

Origin-Destination Data
HDR presented an overview of the cell phone-based O-D data gathered by AirSage that
focused on the following objectives:
External to external patterns
Comparison of average weekday travel patterns o average weekend day and two special
events days for which data was collected.
Comparison of the cell phone-based O-D data to the O-D matrix generated by the Sioux
Falls area modei,
The QO-D data presentation screens were provided as a part of the SAT mesting agenda file in
pdf format.
The data collection process involved approximately 100,000 device (cell phone) sightings per
day and a totai of 1.5 miliion unigue devices logged. Of that total, 148,000 devices were
assumed to be area resident phones, based on observed patterns. Based on a 446,000 person
population for the data collection area, the calculated sampling rate was over 32 percent. The
total irips per day identified averaged around 200,000. The SAT questioned the 446 000
poputation figure as far in excess of the metropoiitan area {approximately 225,000 poputation).
HDR will provide an explanation of the area covered for that popuiation, Response: The
446,000 population is for the entire O-D study area that includes the Sioux Falls

HDR Englneering, Inc. 300 5. Cld Viage Place, Suita 100 Phana {F05) 877-7740 Page 3 of 6
Siowr, Falis, SB 57108.2102 Fax [BOG} 9777747
Wiwvw deinG.oom

Page 78 of 82



Original M

i-229 MI Corridor Study SAT Mesting #3
Aiigust 28, 2013

metropolitan area and the surrounding buffer area {shown on Exhibit 1 from the
presentation following these notes) that was used to identify external trips.

Each day of the week was found to have a typical pattern with Fridays having the peak number
of trips and Sundays having the lowest number.

Locatl versus regional fraffic patterns were reviewed for 1-29 south of Sioux Falls, which
indicated that 84 percent of trips on 1-29 had an origin or destination within the Sioux Falls meatro
area. The SAT requested that the local/regional patterns be reported for I-29 north of Sioux
Falls and for I-80 east and west of Sioux Falls. Response: The 0-D patterns for local and
regional trips for 1-28 north and 1-96 east and west are shown on Exhibits 2, 3, and 4
following these notes.

For the average weekday vs. weekend day comparison, O-D patterns between most zones
showed decreases of 15 to 50 percent, with exceptions being shopping area zones and the
casino.

Both the construction incident special event day and the winter weather special event day were
found to have quantities of trips simifar to the average week day.

For the construction incident day vs. the average weekday comparison, most zones had
variances of +/- 10 to 50 percent trips. The SAT asked if most of the variances were more likely
+- 20 to 30 percent. Response: Exhibit 5 following these notes labels the variance
percentages for each zone,

The City has not reviewed the O-D data yet, but expects that it will prove helpful in improving O-
B patterns built into the mode),

Project Schedule
HDR advised the SAT that final reports for the sub-studies will likely be issued at the end of

September 2014,

Next Steps
HDR will coordinate with the City on the room fayout for the public meeting.

Other ltems ~ No discussion
SDDOT advised that data collection for the ITS assessment task will involve interviewing
identified DOT staff instead of reviewing previously developed TS planning documents.
A presentation by IADOT staff regarding the Tri-State Incident Management Plan for the Sioux
City metropolitan area will be given on Monday September 9" from 1-3 pm in the SDDOT Area
Office. Steve Gramm will be attending.

Attendees:
Pierre
Mark Hoines - FHWA Steve Gramm — SDDOT Joal G
Ron McMahon - FHWA Kevin Goeden - SDDOT Brad R
Jeff Brosz — SDDOT Dave Huft - SDDOT Nicole
Scott Jansen - SDDOT Pete Longman - SDDOT Christi:
Tom Lehmkuhi - SDDOT ~ Terry Keller - SDDOT
Sioux Falls
Shannon Ausen - Sioux Falls  Heath Hoftiezer — Sioux Falls  Amber Gibson - SECOG
Craig Smith - SBDOT Paul Nikolas - SDDOT
Consuliant Team
David Meier - HOR Brian Ray - HDR Courtn
Mike Forsberg- HDR Jason Kjenstad - HDR Ross H
Rick Laughiin - HDR Jon Weigand - HR Green Bill Mo
Jon Markt - HDR -
HDR Engineering, Inc. £300 5. i Yidaga Placs, Suite 100 Phona [605) 377.7740 Fage 4 o1 &
Sigux Fals, SO 57108-2142 Fax {605 977-7747
wi i com
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Responses to FHWA Comments on M&A Documents for Sub-studies 2, 3, and 4 Received

9/3113

Below are responses to FHWA comments on the I-229 M&A documents. The response regarding
content of the M&A documents is noted in bold text.

Section

Comment

Response

Section § - Analysis  Add a note regarding factoring and | A note will be added that discusses

Years/Periogds

Section 7 - Traffic
Operations Analysis

Section T -~ Traffic
Operations Analysis
Section 7 — Traffic
Operations Analysis

Section 7 ~ Traffic
Cperations Analysis

Section 7 — Traffic
Operations Analysis

HER Englneeting, inc.

balancing volumes.

Why is Synchro being used on 26%

Street but not on this study?

List the allowable LOS similar i
the 26" Streef M8A.

The 1-228 M&A documents say the
analysis of future year conditions
wili use existing PHFs rounded up
to the nearest 0.00 with a
maximum of 0.90. The 26™ Street
document said the future year
analysis would use (.9,

The 26" Street M&A document
has more details concerning
phase change interval values that
will be used in the analysis.

The {-228 M&A documents state
the use of the posted speed for
arterial analysis. The 26™ Street
M&A siates the use of 3 mph

the use of balanced volumes
provided by the Cube Avenue
mesoscopic modef that is being
Traffic operations analysis results wil
be based on Highway Capacity Manual
{HCM) 2010 methodologies, as was
stipulated in the study scope.
Currently, the most accurate toof to
perform operational analysis using
HCM 2010 methods is Highway
Capacity Software (HCS) 2010. The
use of Synchro would be redundant
and provide no additional operationat
results. No revisions to the analysis
tools section are planned for the I-
229 M&A documents.

Aliowable LOS criteria will be listed.

Using the existing PHF's rounded up to
the nearest .05 with a maximum of
.90 will sapture locations with high
peaking characteristics within a 15-30
minute time span. Since the peaking
characteristics are unlikely to become
much mose uniform across the peak
hour in futuire year conditions, this
approach is considered more
conservative than using 0.80 at ali
locations. No revisions to the PHFs
section are planned for the 1-229
M&A documents.,

The 1-229 M8A documents state the
use of the methodolegies presented in
the ITE Traffic Engineering Handbook
instead of stating the red change
interval in the M&A document, as in the
28" Street document. No revisions to
the phase change interval section
are planned for the 1-229 M&A
documaents.

Based on discussions with the
developer of HCS, McTrans. Speed
limit is used to compute Base

FF8. FFSis only used as an input to

B35, Ol Vilkage Plats, Suis 100 Fhone (05} 377- 1740 Poga 5l B
Siolix Faifs, S0 571082102 Faoe {B05) 977-T747
WiV hdring. cant
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above the posted speed for the the ratio of the speed limit and is

FFS. applied to an entire corridor. This ratio
isused in the stop rate calculations for
determining the Auto Perception Index
Seore for the arterial segment, not
Level of Service. No revisions to the
speeds section are planned for the |-
229 M&A documents.

Sectlon 10 ~ The arterial corridor segment Detay is incorporated into the travel
Selection of MOESs for 26" Street aiso included  speed MOE. Based on Chapter 17 of
Meastures of delay as a reporied MOE. the HCM, the travel speed reflects the
Effactiveness factors that influence running time

along the link and the delay incurred by
through vehicles at the boundary
intersaction. HCS reports generated
will be inciuded in appendices of
analysis submittais. These reports
contain additionaf information such as
defay for those interested in the
relationship between travel speed and
dslay. No revisions to the arteriai
MOE bullet are planned for the I.229

M&A documents.
Section 10 — The 26™ Street MRA also included A bullet will be added report MOEs
Selection of a bullet regarding reported MOEs  atramp terminal intersections. This
Measures of at ramp terminal intersections will inciude LOS and Individual
Effectiveness (LOS and Individual Movement Movement Delay.

Deiay).
HOR Eriglneering, lnc. 63005, Cld Vidage Place, Sutle 100 Fhone (605) GT7-7140 Page 60f 6
Sloux Fatls, 50 57108-21 Fax {05} 9777747
st indrine. com
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ONE COMPANY
Many Solutiens™

HXR

File
From: Mike Forsherg, P.E. Project None
Date: August 5, 2013 Job Ne:

RE: Highway Capacity Software Analysis Procedures for a Diverging Diamond
interchange {DD})

introduction

This document presents a proposed methodology for analyzing a Diverging Diamond Interchange
(DD} using Highway Capacity Software (HCS) 2010 Streets module. The Federal Highway Agency
(FHWA) has indicated that HCS 2010 is the preferred traffic analysis tool for various projects within
certain agencies. The procedures documented in this memorandum were developed in response to
known chalienges of analyzing DDIs in HCS 2010 based on discussions with the software
developer, McTrans. HCS 2010 version 6.50 was utilized to develop this methodolagy.

Proposed DDI Analysis Methodology

The proposed analysis methodoiogy for DDIs includes manipuiation of the intersection movements
ata DD to analyze the ramp terminal intersections as standard four-leg intersections in HCS 2010,
The proposed methodology involves manipulafing the movements at the DDI ramp terminai
intersections of the proposed DDI concept to conform to the analysis methedology of HCS 2010
while mimicking similar operational elements of the DD! ramp ferminal intersection.

For simplification purposes, the methodology is presented for an arterial criented north/south and
freeway oriented east/'west. The methedelogy for different orientations would be the same, but
rotated accordingly. Figure 1 expresses the proposed manipulation of the DDi ramp terminal
movements into a format with standard four-leg intersections. The modified standard four-leg
configuration shown in Figure 1 would have split-phase operations for northbound and southbound
traffic and altow for coordination of the ramp terminal intersections with signats north and south of

the interchange.

HOR Engineering, Inc, BA04 Indlan Hille Drive Phoce {402) 3984000 Page 1 of 6
Omahi, NE 61 14-4008 Féx {402} 399-4578
Wt hrRG.com
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Figure 1. Maniputation of DDl Movements Into Standard Four-Leg Intersections

DDl Movements Modified into
Standard Four-Le

intersections

Rt t8 Sealo

"o

Freeway

* Movement may also be signalized based on
agency preference and number of lanes,

The fofiowing presents details of the proposed manipulation of intersection movements for the
westbound ramp terminal intersection shown in Figure 1 from the DDI configuration to a standard
four-leg intersection configuration. Manipulation of intersection movements for the eastbound ramp
terminat intersection would follow similar methodology.

The DDi westbound ramp terminat intersection would operate as a two-phase signal. The
northbound crossover movement (A) and westbound off-ramp left-turn movement (C} wouid

HOR Engineering, inc. 840 indian Hilk Crive Phona (A0 1891000 Page 20 6
{Omaha, ME 681149088 Fau {(407) 3284579
wittwy RIC GO
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travel through the intersection during the first phase (e.g., phase 2), The southbound
crossover movement (B) and westbound off-ramp right-turn movement (D) would travel
through the intersection during the second phase (e.g., phasse 6),
The two-phase operations of the DD{ would be modified to two-phase operations with a four-
leg intersection configuration. For example, at the westbound ramp terminal intersection;
o The northbound crossover movement (A) of the DDI wouid be treated as a
northbound through movement in the four-leg intersection configuration.
The northbound left-turn movement of the DD in advance of the crossover would be
treated as a northbound right-turn movement in the fourleg intersection
configuration.
The value for right-turn-on-red (RTOR) for the northbound right turns wouid
be set to zero. This assumes that alf nothbound right turns would only be
able to turn during the northbound green signal indication. This assumption
is conservative since these vehicles would be abie to complete this turning
maneuver during a northbound red signal indication in the DD configuration,
while the northbound queue of the crossover movement does not extend to
the turning movement location. Howsver, due to the unknown percentage of
time that the northbound through movement wouid extend beyond the turning
movement location, it is assumed that no vehicles would be able to turn right
on red,
The southbound crossover movement (B) of the DDI would be treated as a
southbound through movement in the four-teg intersection configuration.
The southbound right-turn movement of the DD in advance of the crossover would
be treated as a southbound right-turn movement in the four-ieg intersaction
configuration.
The value for right-turn-on~red (RTOR) for the southbound right turns would
be set to zero. This assumes that ali southbound right turns would only be
able to turn during the southbound green signal indication. This assumption
is conservative since these vehicles would be able to complete this turning
maneuver during a southbound red signal indication in the DD configuration,
while the southbouna queue of the crossover movemeant does not extend to
the turning movemaent focation. However, due to the unknown percentage of
time that the southbound through movement would extend heyond the turning
movement location, it was assumed that no vehicles would be able to turn
right on red.
The westhound off-ramp left-turn movemant (C) of the DDI would be treated as an
eastbound right-turn movement in the four-leg intersection configuration.
This movement would be treated as an easthbound right-turn movement at a
signal with RTOR aliowed. The value of RTOR wouid be based on the
‘RTOR Reduction’ factor shown in the HCM 2000 report obtained from
Synchro iraffic analysis software {Synchro would be used to code the
modified four-leg configuration and obtain the RTOR value for this
movement).
The westbound off-ramp right-turn movement (D) of the DD! would be {reated a5 a
westbound right-turn movement in the four-leg intersection configuration,

HOR Erggineering, fnc. 8404 todian Hils Drive Phone 40T 399-1060 Page 30f 6
Omzha, NE 68414-4058 Fau (402) 2064579
www hdring.com
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RTOR for the wesibound right-turn movement would likely be restricted in the
DDI configuration for safety purposes; therefore, the RTOR of the westbound
right-turn movement fourdeg configuration wouid be setto '0’. For iocations
where the controiling agency would operate the westbound off-ramp right-turn
movement (D) of the DDI with RTOR allowed, the value of RTOR would be
based on the 'RTOR Reduction' factor shown in the HCM 2000 report
obtained from Synchro.
In the modified version of the four-leg intersection the northbound (A) and eastbound
{C) movements would travel through the intersection during the same phase {e.g.,
phase 2}. This would be consistent with the overlapping northbound crossover
movement (A} and westbound off-ramp left-turn movement (C) of the DDL
In the modified version of the four-leg intersection the southbound (B} and
westhound (D) movements would travel through the intersection during the same
phase (e.g., phase 8). This would be consistent with the overlapping southbound
crossover movement (B) and westbound off-ramp right-turn movement (D) of the
bt

The foliowing presents specific details of coding elements in HCS 2010 Streets to model the
westbound ramp terminal intersection shown in Figure 1 as a standard four-leg intersection of the
DD! intersection. Manipulation of intersection movements for the eastbound ramp ferminal
intersection would foliow similar methodoiogy.

Te modet split-phase operations for the arterial street (horthbound and southbound
movements) in HCS 2010 Streets, the following coding elements would be needed.
Additionally, the diagrams shown in Fligure 2 supglement the coding elements listed befow.

HOR Engiraaring, inc,

Artificial {("dummy™} northbound and southbound lefi-turn movements wouid be added
with protected phasing. These movements would not serve any of the DD traffic.
The added feft-turn phases would be phase & for the northbound left-turn movement
and phase 1 for the southbound lefi-turn movement (based on the previously
mentiened example phasing of phases 2 and 6 for the northbound and southbound
through movements, respectively).

The eastbound and westbound right-turn movemenis would be overlapped with the
northbound and southbound feft-turn movements.

The southibound left-turn movement would be set to a lagging left-tura phase so that
the norhbound and southbound left-turn movements wouid not need to have a green
signal indication simultaneously.

The Recall Mode for the northbound and southbound left-turn movements would be
set to ‘Max'.

Eastbound and westbound phases (phases 8 and 4, respectively) would be required
to be included to maet the criteria for signal timings in HCS 2010 Streets. This would
include eastbound and westbound through movements with zero volume. These
phases wouid have a green signai indication simultaneousiy for 1 second (the
minimum time allowed for a phase). This effectively serves as the Red time for the
previous split that serves southbound traffic. This 1 second phase for the eastbound
and westbound approaches is labeled as "Dummy” All Red Phase in Figure 2. To
counter the additional 1 second of green time given i the eastbound and westbound
right-furn movements, each of these movements wouid be given an additionat 0.5

BADM inlan Hile Ditve Fhina {405 35991000 Page 4 of 6
Omana, KE 66114-4098 Fax (402) 359-4073
e fidtine com

Page 950 of 82



Original M & A

seconds of “Start-Up Lost Time". Each of these right-turn movements wouild
experience the extra 0.5 seconds of “Start-Up Lost Time" during the "Dummy” All
Red Phase and during their normal phase of aperation (Phase 1 or 5), totafing 1
second of additional "Start-Up Lost Time" over the course of 1 signal cycle for the
aastbound and westbound right-furn movements.

The Demand for the northbound and southbound lefi-turn movements would be set
to "1 in order for phases 1 and & to be given a green signal indication (otherwise, ail
of the time would be given to the phase where northbound and southbound traffic
travel through the intersection simultaneously).

Figure 2, Sample HCS 2010 Streets Phasing for the Westhound Ramp
Terminal Intersection

“‘Dummy” Left-
Turn Movements
with Max Recalt "

Operational Phases and Ti

Phase 1 “Dummy” Al
Lagging Red Phase

The following coding elements would also be included in HCS 2010 Streets to mimic the

movements of the DD,
o The Arrival Type for the eastbound and westbound right-tum movements would be

‘3, representing random arrivals from the freeway. The Arrival Type for the

HDR Engineering, inc. B404 Fnalian Hils Drive Phearg {402} 398.1000 Page5of6
Gmane, KE S8114-4008 Fax (#17) 3094079
wiw hdsdne com
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northbound and southbound approaches would be '4', representing coordination of
signails. However, the arrivai patterns of the northbound and southbound
movements would be dictated by the signal timings at upstream intersactions and the
coded Arrival Type for the northbound and southbound approaches would not have
any impact on the operations at these intersections.

Phase 5 would operate with 4 seconds of yellow and 1 second of all red.

Phase 1 would operate with 4 seconds of yetiow and 0 seconds of ali red (the all red
time would be effectively given by the “Dummy” All Red Phase shown in Figure 2).
The Phase Split time for the northbound left-turn movement {phases 5) wouid be set
to the optimum phase split time for the northbound movement. The Phase Split time
for the southbound left-turn movement (phases 5) would be set to the optimum
phase split ime for the northbounrd movement minus 1 second (to account for the 1
second "Dummy” All Red Phase). The combined split times for the northbound left-
turn movement {phase 5), southbound left-turn movement {phase 1) and
eastboundiwestbound movements (phases 8/4) would equal the cycle length of the
signal, leavirg no remaining time for the overlapping phase where norlhbound and
southbound through traffic would travel through the intersection simultanecusly.

The speed limit would be set to 25 mph to account for lower speeds through the
crossover and channelized turn movements. The exception fo this would be for the
southbound approach that arrives from outside of the DDi and would be set to the
speed limit of the Arteriatl Street.

The interchanges feature within HCS Streets would be used fo update the Turning
Radius for the turn movements based on the concept/design. This would account for
the larger radii at the turning locations of the DDI. The interchange Type within the
Interchanges section does not include DDI as an option and would be set to
Biamond.

As mentioned previously, the modified standard four-leg configuration would have split-phase
operations at the ramp terminal intersections for norihbound and southbound traffic and aliow for
coordination of the ramp terminaf intersections with signals north and south of the interchange, The
signal offset values at the ramp terminais would be based on the turn patierns at each intersection
to maximize ptatooning of traffic through the two signals. Signat offsets at intersections adjacent to
fhie ramp terminals would be based on the offsets established at the ramp terminal intersections,
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APPENDIX B1. TRAFFIC CAPACITY ANALYSIS
METHODOLOGIES

Traffic operational analysis involves the development of input parameters, the use of traffic flow
models to determine measures of effectiveness based on the inputs, and the evaluation of those
measures of effectiveness. The input development requires information on levels of traffic,
vehicle classification, facility geometry, signal timing data, and speed data. Many of these input
parameters were identified and collected as described as part of the data collection efforts,
while some required assumptions or processed data to develop the best input parameters for
traffic analysis.

LEVEL OF SERVICE

After identifying the proper input data, level of service (LOS) analyses for the existing conditions
were performed for the basic freeway segments, weave segments, freeway merge and diverge
segments, and key intersections (including ramp terminal intersections) using procedures from
the Highway Capacity Manual (HCM). Highway Capacity Software 2010 (HCS 2010) version
6.50, a computerized analytical tool based on the HCM, was utilized for the freeway segment
and intersection operational analysis. HCS 2010 is representative of macroscopic models that
describe traffic flow in the aggregate and is based on deterministic relationships developed
through past research on traffic flow.

The following sections further describe the methodologies used and the types of HCS analyses
applied.

Basic Freeway Segment Level of Service

LOS analyses for the basic freeway elements were performed following Chapter 11 procedures
(Basic Freeway Segments) of the HCM. For freeway segments, LOS is defined in terms of
traffic stream density, as shown in TABLE 1. By definition, basic freeway segments are
segments of the freeway that are outside of the influence area of ramps or weaving sections.
Per HCM definition, freeway ramps have an influence distance of 1,500 feet upstream or
downstream of ramp junctions. The influence distance of a weaving section between ramp
junctions varies based on geometry and volume. Only freeway segments outside of the
influence area of ramp junctions and weaving sections were evaluated as basic freeway
segments, unless noted otherwise.

Table 1. Freeway LOS Definitions
LOS  Density Range (pc/mi/in’)
0-11
>11-18
>18-26
>26-35
>35-45
Demand exceeds capacity
>45

* Passenger cars per mile per lane




Weave Segment Level of Service

Weave segments were analyzed based on Chapter 12 procedures (Freeway Weaving
Segments) of the HCM. Weaving is defined as the crossing of two or more traffic streams
traveling in the same direction. Weaving areas generally occur when a merge area is closely
followed by a diverge area, or when an entrance ramp is closely followed by an exit ramp
connected by an auxiliary lane. LOS for weaving operations is related to the average density of
all vehicles in the section. For locations with weaving traffic, ramp-to-ramp flows were
estimated based on the Sioux Falls travel demand model. Based on the assumed ramp-to-
ramp flows, ramp-to-freeway, freeway-to-ramp, and freeway-to-freeway flows could be
calculated using flow conservation from the balanced sub-area volume set. The density range
for ‘Freeway Weaving Segments’ shown in TABLE 2 was used when evaluating weaving
segments bounded by entry/exit ramps.

Table 2. Weaving LOS Definitions
Density Range (pc/mi/ln’)

<10 <12
>10-20 >12-24
>20-28 >24-32
>28-35 >32-36
>35 >36
Demand Exceeds Capacity Demand Exceeds Capacity

* Passenger cars per mile per lane

Freeway Merge and Diverge Segment Level of Service

Freeway merge and diverge segments were analyzed based on HCM Chapter 13 procedures
(Freeway Merge and Diverge Segments). Acceleration and deceleration length of a freeway
merge or diverge segment is measured from the point at which the edges of the ramp and
freeway lanes converge (gore) to the end of the taper segment connecting the ramp to the
freeway. By definition, the LOS for a typical freeway merge or diverge segment is based on the
average density of vehicles in the influence area (defined by the HCM as 1,500 feet upstream or
downstream) of the ramp, as described in TABLE 3.

Table 3. Freeway Merge and Diverge LOS Definitions
Los Density Range (pc/mi/in’)

<10
>10-20
>20-28
>28-35
>35
Demand Exceeds Capacity
* Passenger cars per mile per lane

For this study, LOS C was determined to be the critical threshold for mainline and ramp
locations.



Signalized Intersection Level of Service

Key signalized intersections were analyzed based on HCM Chapter 18 procedures (Signalized
Intersections). LOS for signalized intersections is evaluated based on control delay per vehicle
(in seconds per vehicle), shown in TABLE 4. Control delay is the portion of the total delay
attributed to traffic signal operation and includes initial deceleration delay, queue move-up time,
stopped delay and final acceleration delay.

Table 4. Signalized Intersection LOS Definitions

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

mmo|0| W >
m|m|m|m|m|m

*Seconds per vehicle

Unsignalized Intersection Level of Service

Key unsignalized intersections were analyzed based on HCM Chapters 19 procedures (Two-
Way Stop-Controlled Intersections). LOS for unsignalized intersections is evaluated based on
control delay per vehicle (in seconds per vehicle), shown in TABLE 5. For two-way stop-
controlled intersections with stop control on the side-street, the LOS is measured separately for
each individual movement. Results of the two-way stop controlled intersection analysis were
reported as the worst-case stop-controlled approach.

Table 5. Unsignalized Intersection LOS Definitions
Control Delay per Vehicle LOS by Volume-to-Capacity Ratio
(s/veh)

*Seconds per vehicle

LOS ‘C’ is typically preferred for the average intersection operations during the peak period
traffic conditions of a project horizon year (beyond 20 years from existing), though LOS ‘D’ has
generally been considered acceptable. For this study, LOS ‘D’ was used as the worst allowable
LOS for future year intersection operations when identifying proposed improvements.
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HCS+: Unsignalized Intersections Release 5.6

TWO-WAY STOP CONTROL SUMMARY

Analyst: JKM
Agency/Co.: HDR
Date Performed: 11/13/2013
Analysis Time Period: AM Peak
Intersection: E Benson Rd & Hall Ave
Jurisdiction: Sioux Falls, SD
Units: U. S. Customary
Analysis Year: Existing (2013)
Project ID: I-229 MIS
East/West Street: E Benson Rd
North/South Street: Hall Ave
Intersection Orientation: EW Study period (hrs): 0.25
Vehicle Volumes and Adjustments
Major Street: Approach Eastbound Westbound
Movement 1 2 3 | 4 5 6
L T R | L T R
Volume 6 25 13 6 127 0
Peak-Hour Factor, PHF 0.80 0.80 0.80 0.80 0.80 0.80
Hourly Flow Rate, HFR 7 31 16 7 158 0
Percent Heavy Vehicles 6 —-— —-— 6 —-— —-—
Median Type/Storage Undivided /
RT Channelized?
Lanes 0 1 0 0 1 0
Configuration LTR LTR
Upstream Signal? No No
Minor Street: Approach Northbound Southbound
Movement 7 8 9 | 10 11 12
L T R | L T R
Volume 6 0 6 0 0 0
Peak Hour Factor, PHF 0.80 0.80 0.80 0.80 0.80 0.80
Hourly Flow Rate, HFR 7 0 7 0 0 0
Percent Heavy Vehicles 2 2 2 2 2 2
Percent Grade (%) 0 0
Flared Approach: Exists?/Storage No / No /
Lanes 0 1 0 0 1 0
Configuration LTR LTR
Delay, Queue Length, and Level of Service
Approach EB WB Northbound Southbound
Movement 1 4 | 7 8 9 | 10 11 12
Lane Config LTR LTR | LTR | LTR
v (vph) 7 7 14 0
C(m) (vph) 1398 1535 851
v/c 0.01 0.00 0.02
95% gqueue length 0.02 0.01 0.05
Control Delay 7.6 7.4 9.3
LOS A A A
Approach Delay 9.3

Approach LOS A




HCS+:

Phone:
E-Mail:

Unsignalized Intersections Release 5.6

Fax:

TWO-WAY STOP CONTROL (TWSC) ANALYSIS

Analyst:

Agency/Co.:

Date Performed:
Analysis Time Period:
Intersection:
Jurisdiction:

Units: U. S. Customary
Analysis Year:
Project ID: I-229 MIS

East/West Street:
North/South Street:

JKM

HDR

11/13/2013

AM Peak

E Benson Rd & Hall Ave
Sioux Falls, SD
Existing (2013)
E Benson Rd
Hall Ave

Intersection Orientation: EW Study period (hrs):
Vehicle Volumes and Adjustments

Major Street Movements 1 2 3 4 5 6

L T R L T R
Volume 6 25 13 6 127 0
Peak-Hour Factor, PHF 0.80 0.80 0.80 0.80 0.80 0.80
Peak-15 Minute Volume 2 8 4 2 40 0
Hourly Flow Rate, HFR 7 31 16 7 158 0
Percent Heavy Vehicles 6 - - 6 - -
Median Type/Storage Undivided /
RT Channelized?
Lanes 0 1 0 0 1 0
Configuration LTR LTR
Upstream Signal? No No
Minor Street Movements 7 8 9 10 11 12

L T R L T R
Volume 6 0 6 0 0 0
Peak Hour Factor, PHF 0.80 0.80 0.80 0.80 0.80 0.80
Peak-15 Minute Volume 2 0 2 0 0 0
Hourly Flow Rate, HFR 7 0 7 0 0 0
Percent Heavy Vehicles 2 2 2 2 2 2
Percent Grade (%) 0 0
Flared Approach: Exists?/Storage No / No
RT Channelized?
Lanes 0 1 0 0 1 0
Configuration LTR LTR

Movements

Pedestrian Volumes and Adjustments

13 14 15 16

Flow (ped/hr)



Lane Width (ft)

Walking Speed (ft/sec)

Percent Blockage

Upstream Signal Data

Prog.
Flow

vph

Sat Arrival Green Cycle Prog.
Flow Type Time Length Speed
vph sec sec mph

Distance
to Signal
feet

S2 Left-Turn
Through

S5 Left-Turn
Through

Worksheet 3-Data for Computing Effect of Delay to Major Street Vehicles

Movement 2 Movement 5
Shared 1n volume, major th vehicles: 31 158
Shared 1n volume, major rt vehicles: 16 0
Sat flow rate, major th vehicles: 1800 1800
Sat flow rate, major rt vehicles: 1800 1800
Number of major street through lanes: 1 1

Worksheet 4-Critical Gap and Follow-up Time Calculation

Critical Gap Calculation

Movement 7 8 9 10 11 12

L T R L T R
t (c, base) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
t(c,hv) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
P (hv) 6 6 2 2 2 2 2 2
t(c,qg) 0.20 0.20 0.10 0.20 0.20 0.10
Percent Grade 0.00 0.00 0.00 0.00 0.00 0.00
t(3,1t) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
t(c,T): 1l-stage 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2-stage 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
t(c) l-stage 4.2 4.2 7.1 6.5 6.2 7.1 6.5 6.2
2-stage

Follow-Up Time Calculations
Movement 7 8 9 10 11 12

L T R L T R
t (£, base) 2.20 2.20 3.50 4.00 3.30 3.50 4.00 3.30
t (£, HV) 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
P (HV) 6 6 2 2 2 2 2 2
t(f) 2.3 2.3 3.5 4.0 3.3 3.5 4.0 3.3
Worksheet 5-Effect of Upstream Signals
Computation 1-Queue Clearance Time at Upstream Signal

Movement 2 Movement 5
V(t) V(l,prot) V(t) V(l,prot)

V prog



Total Saturation Flow Rate, s
Arrival Type

Effective Green, g (sec)
Cycle Length, C (sec)

Rp (from Exhibit 16-11)

(vph)

Proportion vehicles arriving on green P

g(gl)
g(q2)
g(q)

Computation 2-Proportion of TWSC Intersection Time

blocked
Movement 2
V(t) V(1l,prot)

Movement 5
V(t)

V(l,prot)

alpha

beta

Travel time, t(a) (sec)

Smoothing Factor, F

Proportion of conflicting flow, £
Max platooned flow, V(c,max)
Min platooned flow, V(c,min)
Duration of blocked period,
Proportion time blocked, p

t(p)

0.000

0.000

Computation 3-Platoon Event Periods

Result

(2)

(5)

(dom)

(subo)

Constrained or unconstrained?

P
p
p
P

0.000
0.000

Proportion
unblocked
for minor
movements,

(1)
Single-stage

p(x) Process

(2)
Two-Stage Process
Stage I Stage

(3)

II

o 's ' ‘o 'O 'O ‘T 'O

Computation 4 and 5
Single-Stage Process
Movement

[SY
1SN

~J
(00
NeJ
[
o

V ¢, x 158 47
s
Px

V c,u,x

225 225 39 228

233 158

C r,x
C plat,x

Two-Stage Process

11



Stagel Stage2 Stagel Stage2 Stagel Stage2 Stagel Stage?2

V(c, x)

s 1500 1500 1500 1500
P(x)

V(c,u, x)

C(r,x)
C(plat, x)

Worksheet 6-Impedance and Capacity Equations

Step 1: RT from Minor St. 9 12
Conflicting Flows 39 158
Potential Capacity 1033 887
Pedestrian Impedance Factor 1.00 1.00
Movement Capacity 1033 887
Probability of Queue free St. 0.99 1.00
Step 2: LT from Major St. 4 1
Conflicting Flows 47 158
Potential Capacity 1535 1398
Pedestrian Impedance Factor 1.00 1.00
Movement Capacity 1535 1398
Probability of Queue free St. 1.00 0.99
Maj L-Shared Prob Q free St. 1.00 0.99
Step 3: TH from Minor St. 8 11
Conflicting Flows 225 233
Potential Capacity 674 667
Pedestrian Impedance Factor 1.00 1.00
Cap. Adj. factor due to Impeding mvmnt 0.99 0.99
Movement Capacity 667 660
Probability of Queue free St. 1.00 1.00
Step 4: LT from Minor St. 7 10
Conflicting Flows 225 228
Potential Capacity 730 727
Pedestrian Impedance Factor 1.00 1.00
Maj. L, Min T Impedance factor 0.99 0.99
Maj. L, Min T Adj. Imp Factor. 0.99 0.99
Cap. Adj. factor due to Impeding mvmnt 0.99 0.99
Movement Capacity 724 717

Worksheet 7-Computation of the Effect of Two-stage Gap Acceptance

Step 3: TH from Minor St. 8 11

Part 1 - First Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Probability of Queue free St.



Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Part 3 - Single Stage

Conflicting Flows 225 233

Potential Capacity 674 667

Pedestrian Impedance Factor 1.00 1.00

Cap. Adj. factor due to Impeding mvmnt 0.99 0.99

Movement Capacity 667 660

Result for 2 stage process:

a

Yy

C t 667 660

Probability of Queue free St. 1.00 1.00

Step 4: LT from Minor St. 7 10

Part 1 - First Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt

Movement Capacity

Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt

Movement Capacity

Part 3 - Single Stage

Conflicting Flows 225 228

Potential Capacity 730 727

Pedestrian Impedance Factor 1.00 1.00

Maj. L, Min T Impedance factor 0.99 0.99

Maj. L, Min T Adj. Imp Factor. 0.99 0.99

Cap. Adj. factor due to Impeding mvmnt 0.99 0.99

Movement Capacity 724 717

Results for Two-stage process:

a

%

C t 724 717

Worksheet 8-Shared Lane Calculations

Movement 9 10 11 12
R L T R

Volume (vph) 7 7 0 0 0

Movement Capacity (vph) 724 1033 717 660 887

Shared Lane Capacity (vph)




Worksheet 9-Computation of Effect of Flared Minor Street Approaches

Movement 7 8 9 10 11 12

L T R L T R
C sep 724 667 1033 717 660 887
Volume 7 0 7 0 0 0
Delay
Q sep
Q sep +1
round (Qsep +1)
n max
C sh 851
SUM C sep
n
C act
Worksheet 10-Delay, Queue Length, and Level of Service
Movement 1 4 7 8 9 10 11 12
Lane Config LTR LTR LTR LTR
v (vph) 7 7 14 0
C(m) (vph) 1398 1535 851
v/c 0.01 0.00 0.02
95% gqueue length 0.02 0.01 0.05
Control Delay 7.6 7.4 9.3
LOS A A A
Approach Delay 9.3
Approach LOS A
Worksheet 11-Shared Major LT Impedance and Delay

Movement 2 Movement 5

p(oj) 0.99 1.00
v(il), Volume for stream 2 or 5 31 158
v(i2), Volume for stream 3 or 6 16 0
s(i1l), Saturation flow rate for stream 2 or 5 1800 1800
s(i2), Saturation flow rate for stream 3 or 6 1800 1800
P*(0o7j) 0.99 1.00
d(M,LT), Delay for stream 1 or 4 7.6 7.4
N, Number of major street through lanes 1 1
d(rank,1l) Delay for stream 2 or 5 0.0 0.0




HCS+: Unsignalized Intersections Release 5.6

TWO-WAY STOP CONTROL SUMMARY

Analyst: JKM
Agency/Co.: HDR
Date Performed: 11/13/2013
Analysis Time Period: PM Peak
Intersection: E Benson Rd & Hall Ave
Jurisdiction: Sioux Falls, SD
Units: U. S. Customary
Analysis Year: Existing (2013)
Project ID: I-229 MIS
East/West Street: E Benson Rd
North/South Street: Hall Ave
Intersection Orientation: EW Study period (hrs): 0.25
Vehicle Volumes and Adjustments
Major Street: Approach Eastbound Westbound
Movement 1 2 3 | 4 5 6
L T R | L T R
Volume 11 26 12 4 22 0
Peak-Hour Factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Hourly Flow Rate, HFR 11 27 12 4 23 0
Percent Heavy Vehicles 6 —-— —-— 6 —-— —-—
Median Type/Storage Undivided /
RT Channelized?
Lanes 0 1 0 0 1 0
Configuration LTR LTR
Upstream Signal? No No
Minor Street: Approach Northbound Southbound
Movement 7 8 9 | 10 11 12
L T R | L T R
Volume 4 0 4 0 0 16
Peak Hour Factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Hourly Flow Rate, HFR 4 0 4 0 0 17
Percent Heavy Vehicles 2 2 2 2 2 2
Percent Grade (%) 0 0
Flared Approach: Exists?/Storage No / No /
Lanes 0 1 0 0 1 0
Configuration LTR LTR
Delay, Queue Length, and Level of Service
Approach EB WB Northbound Southbound
Movement 1 4 | 7 8 9 | 10 11 12
Lane Config LTR LTR | LTR | LTR
v (vph) 11 4 8 17
C(m) (vph) 1566 1545 946 1054
v/c 0.01 0.00 0.01 0.02
95% gqueue length 0.02 0.01 0.03 0.05
Control Delay 7.3 7.3 8.8 8.5
LOS A A A A
Approach Delay 8.8 8.5
Approach LOS A A




HCS+: Unsignalized Intersections Release 5.6

Phone: Fax:
E-Mail:

TWO-WAY STOP CONTROL (TWSC) ANALYSIS

Analyst: JKM

Agency/Co.: HDR

Date Performed: 11/13/2013

Analysis Time Period: PM Peak

Intersection: E Benson Rd & Hall Ave
Jurisdiction: Sioux Falls, SD

Units: U. S. Customary

Analysis Year: Existing (2013)
Project ID: I-229 MIS

East/West Street: E Benson Rd
North/South Street: Hall Ave

Intersection Orientation: EW Study period (hrs): 0.25

Vehicle Volumes and Adjustments

Major Street Movements 1 2 3 4 5 6

L T R L T R
Volume 11 26 12 4 22 0
Peak-Hour Factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Peak-15 Minute Volume 3 7 3 1 6 0
Hourly Flow Rate, HFR 11 27 12 4 23 0
Percent Heavy Vehicles 6 - - 6 - -
Median Type/Storage Undivided /
RT Channelized?
Lanes 0 1 0 0 1 0
Configuration LTR LTR
Upstream Signal? No No
Minor Street Movements 7 8 9 10 11 12

L T R L T R
Volume 4 0 4 0 0 16
Peak Hour Factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Peak-15 Minute Volume 1 0 1 0 0 4
Hourly Flow Rate, HFR 4 0 4 0 0 17
Percent Heavy Vehicles 2 2 2 2 2 2
Percent Grade (%) 0 0
Flared Approach: Exists?/Storage No / No
RT Channelized?
Lanes 0 1 0 0 1 0
Configuration LTR LTR

Pedestrian Volumes and Adjustments

Movements 13 14 15 16

Flow (ped/hr) 0 0 0 0



Lane Width (ft)

Walking Speed (ft/sec)

Percent Blockage

Upstream Signal Data

Prog.
Flow

vph

Sat Arrival Green Cycle Prog.
Flow Type Time Length Speed
vph sec sec mph

Distance
to Signal
feet

S2 Left-Turn
Through

S5 Left-Turn
Through

Worksheet 3-Data for Computing Effect of Delay to Major Street Vehicles

Movement 2 Movement 5
Shared 1n volume, major th vehicles: 277 23
Shared 1n volume, major rt vehicles: 12 0
Sat flow rate, major th vehicles: 1800 1800
Sat flow rate, major rt vehicles: 1800 1800
Number of major street through lanes: 1 1

Worksheet 4-Critical Gap and Follow-up Time Calculation

Critical Gap Calculation

Movement 7 8 9 10 11 12

L T R L T R
t (c, base) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
t(c,hv) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
P (hv) 6 6 2 2 2 2 2 2
t(c,qg) 0.20 0.20 0.10 0.20 0.20 0.10
Percent Grade 0.00 0.00 0.00 0.00 0.00 0.00
t(3,1t) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
t(c,T): 1l-stage 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2-stage 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
t(c) l-stage 4.2 4.2 7.1 6.5 6.2 7.1 6.5 6.2
2-stage

Follow-Up Time Calculations
Movement 7 8 9 10 11 12

L T R L T R
t (£, base) 2.20 2.20 3.50 4.00 3.30 3.50 4.00 3.30
t (£, HV) 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
P (HV) 6 6 2 2 2 2 2 2
t(f) 2.3 2.3 3.5 4.0 3.3 3.5 4.0 3.3
Worksheet 5-Effect of Upstream Signals
Computation 1-Queue Clearance Time at Upstream Signal

Movement 2 Movement 5
V(t) V(l,prot) V(t) V(l,prot)

V prog



Total Saturation Flow Rate, s

Arrival Type
Effective Green, g
Cycle Length, C (sec)
Rp (from Exhibit 16-11)

(vph)

(sec)

Proportion vehicles arriving on green P

g(gl)
g(q2)
g(q)

Computation 2-Proportion of TWSC Intersection Time

blocked
Movement 2

V(t) V(l,prot) V(t)

Movement 5
V(l,prot)

alpha

beta

Travel time, t(a) (sec)
Smoothing Factor, F

Proportion of conflicting flow, £

Max platooned flow,
Min platooned flow,

V(c,max)
V(c,min)
Duration of blocked period,

t(p)

Proportion time blocked, p

0.000

0.000

Computation 3-Platoon Event Periods

Result

(2)
(5)
(dom)

P
P
P
p (subo)

Constrained or unconstrained?

0.000
0.000

Proportion
unblocked
for minor

movements, p(x)

(1)
Single-stage
Process

(2) (3)
Two-Stage Process
Stage I Stage II

o 's ' ‘o 'O 'O ‘T 'O

Computation 4 and 5
Single-Stage Process
Movement

[SY
1SN

V ¢, x

s

Px

V c,u,x

23 39

C r,x
C plat,x

Two-Stage Process

11



Stagel Stage2 Stagel Stage2 Stagel Stage2 Stagel Stage?2

V(c, x)

s 1500 1500 1500 1500
P(x)

V(c,u, x)

C(r,x)
C(plat, x)

Worksheet 6-Impedance and Capacity Equations

Step 1: RT from Minor St. 9 12
Conflicting Flows 33 23

Potential Capacity 1041 1054
Pedestrian Impedance Factor 1.00 1.00
Movement Capacity 1041 1054
Probability of Queue free St. 1.00 0.98
Step 2: LT from Major St. 4 1
Conflicting Flows 39 23

Potential Capacity 1545 1566
Pedestrian Impedance Factor 1.00 1.00
Movement Capacity 1545 1566
Probability of Queue free St. 1.00 0.99
Maj L-Shared Prob Q free St. 1.00 0.99
Step 3: TH from Minor St. 8 11
Conflicting Flows 86 92

Potential Capacity 804 798
Pedestrian Impedance Factor 1.00 1.00
Cap. Adj. factor due to Impeding mvmnt 0.99 0.99
Movement Capacity 796 790
Probability of Queue free St. 1.00 1.00
Step 4: LT from Minor St. 7 10
Conflicting Flows 95 88

Potential Capacity 888 897
Pedestrian Impedance Factor 1.00 1.00
Maj. L, Min T Impedance factor 0.99 0.99
Maj. L, Min T Adj. Imp Factor. 0.99 0.99
Cap. Adj. factor due to Impeding mvmnt 0.98 0.99
Movement Capacity 867 887

Worksheet 7-Computation of the Effect of Two-stage Gap Acceptance

Step 3: TH from Minor St. 8 11

Part 1 - First Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Probability of Queue free St.



Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Part 3 - Single Stage

Conflicting Flows 86 92

Potential Capacity 804 798

Pedestrian Impedance Factor 1.00 1.00

Cap. Adj. factor due to Impeding mvmnt 0.99 0.99

Movement Capacity 796 790

Result for 2 stage process:

a

y

C t 796 790

Probability of Queue free St. 1.00 1.00

Step 4: LT from Minor St. 7 10

Part 1 - First Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt

Movement Capacity

Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt

Movement Capacity

Part 3 - Single Stage

Conflicting Flows 95 88

Potential Capacity 888 897

Pedestrian Impedance Factor 1.00 1.00

Maj. L, Min T Impedance factor 0.99 0.99

Maj. L, Min T Adj. Imp Factor. 0.99 0.99

Cap. Adj. factor due to Impeding mvmnt 0.98 0.99

Movement Capacity 867 887

Results for Two-stage process:

a

y

C t 867 887

Worksheet 8-Shared Lane Calculations

Movement 10 11 12
L T R

Volume (vph) 4 4 0 0 17

Movement Capacity (vph) 867 1041 887 790 1054

Shared Lane Capacity (vph) 1054




Worksheet 9-Computation of Effect of Flared Minor Street Approaches

Movement 8 9 10 11 12
T R L T R

C sep 796 1041 887 790 1054

Volume 0 4 0 0 17

Delay

Q sep

Q sep +1

round (Qsep +1)

n max

C sh 946 1054

SUM C sep

n

C act

Worksheet 10-Delay, Queue Length, and Level of Service

Movement 1 4 7 8 10 11 12

Lane Config LTR LTR LTR LTR

v (vph) 11 4 8 17

C(m) (vph) 1566 1545 946 1054

v/c 0.01 0.00 0.01 0.02

95% gqueue length 0.02 0.01 0.03 0.05

Control Delay 7.3 7.3 8.8 8.5

LOS A A A A

Approach Delay 8.8 8.5

Approach LOS A A

Worksheet 11-Shared Major LT Impedance and Delay

Movement 2

Movement 5

(03)
(
(
(

p
v
v
s
S

P*(0o7j)

d(M,LT), Delay for stream 1 or 4
N, Number of major street through lanes
d(rank,1l) Delay for stream 2 or 5

il), Volume for stream 2 or 5
i2), Volume for stream 3 or 6
il), Saturation flow rate for stream 2 or 5
(i2), Saturation flow rate for stream 3 or 6

0.99
27
12
1800
1800
0.99
7.3

1
0.1

1.
23
0

18
18
1

(@R N |

00

00
00

.00
.3




HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information 0 3
Agency HDR Duration, h 0.25 - -
Analyst JKM Analysis Date |6/28/2013 Area Type Other g %}
Jurisdiction Sioux Falls, SD Time Period |AM Peak PHF 0.80 fE =
Intersection Benson Rd & I-229 NB Rar| Analysis Year |2013 Analysis Period |1>7:15 5 :
File Name Existing_Benson_Rd_AM.xus b
Project Description Existing AM 6 5 6 6
Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand (v), veh/h 69 31 127 6 1496 | 0 13
Signal Information 5

ER
Cycle, s 111.3 | Reference Phase | 2 -, ﬁTfE 1 -z, . . .
Offset, s 0 Reference Point End Green TE)I% 898 100 0.0 0.0 0.0 4L
Uncoordinated| Yes |Simult. Gap E'W | On [Vellow|3.5 35 0.0 0.0 0.0 0.0
Force Mode Fixed | Simult. Gap N/S On |Red 2.0 2.0 0.0 0.0 0.0 0.0 5 6 7 Y:
Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 2 6 8
Case Number 6.0 8.0 10.0
Phase Duration, s 16.0 16.0 95.3
Change Period, (Y+Rc), s 5.5 5.5 5.5
Max Allow Headway (MAH), s 4.2 4.2 41
Queue Clearance Time (gs), S 12.5 8.7 75.2
Green Extension Time (ge), s 0.0 0.2 14.6
Phase Call Probability 1.00 1.00 1.00
Max Out Probability 1.00 1.00 0.08
Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 5 2 6 16 8 8 18
Adjusted Flow Rate (v), veh/h 86 39 83 83 || 1870 | 16
Adjusted Saturation Flow Rate (s), veh/h/In 1169 | 1617 1698 | 1671 || 1210 | 1439
Queue Service Time (gs), s 3.8 1.2 6.7 53 || 732 | 0.2
Cycle Queue Clearance Time (gc), s 105 | 1.2 6.7 53 || 732 | 0.2
Green Ratio (g/C) 0.09 | 0.09 0.09 | 0.09 || 0.81 | 0.81
Capacity (c), veh/h 105 | 305 160 | 158 || 1952 | 1161
Volume-to-Capacity Ratio (X) 0.822| 0.127 0.520 | 0.526 || 0.958 | 0.014
Available Capacity (ca), veh/h 105 | 305 160 | 158 || 2555 | 1520
Back of Queue (Q), veh/In (95th percentile) 6.2 0.9 4.1 41 19.1 | 0.1
Queue Storage Ratio (RQ) (95th percentile) 1.64 | 0.01 0.11 | 0.11 || 0.50 | 0.00
Uniform Delay (df), s/veh 54.7 | 46.2 48.0 | 48.0 || 91 2.1
Incremental Delay (d>), s/veh 37.4 | 02 3.0 3.2 8.4 0.0
Initial Queue Delay (d3), s/veh 0.0 | 0.0 0.0 | 0.0 0.0 | 0.0
Control Delay (d), s/veh 92.2 | 46.4 51.0 | 51.2 || 176 | 2.1
Level of Service (LOS) F D D D B A
Approach Delay, s/veh / LOS 780 | E 511 | D 175 | B 00 |
Intersection Delay, s/veh / LOS 23.5
Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS 2.0 A 2.0 A 2.7 B 2.9 C
Bicycle LOS Score / LOS 0.6 A 0.6 A 3.6 D

Copyright © 2016 University of Florida, All Rights Reserved.

HCS 2010™ Streets Version 6.50

Generated: 5/17/2016 2:29:27 PM



HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information | 5
Agency HDR Duration, h 0.25 - -
Analyst JKM Analysis Date |Jan 27, 2014 Area Type Other g g
Jurisdiction Sioux Falls, SD Time Period |PM Peak PHF 0.93 fE =
Intersection Benson Rd & I-229 NB Rar| Analysis Year |2013 Analysis Period |1>4:30 5 :
File Name Existing_Benson_Rd_PM.xus  E
Project Description Existing PM 6 5 6 6
Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand (v), veh/h 147 38 38 4 326 0 11
Signal Information 5

R
Cycle, s 20.6 | Reference Phase 2 == ﬁTfE : -z, . : )
Offset, s 0 Reference Point End Green 'Z“Z" 55 0.0 0.0 0.0 0.0 4L
Uncoordinated| Yes |Simult. Gap E'W | On [Vellow|3.5 35 0.0 0.0 0.0 0.0
Force Mode Fixed | Simult. Gap N/S On |Red 2.0 2.0 0.0 0.0 0.0 0.0 5 6 7 Y:
Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 2 6 8
Case Number 6.0 8.0 10.0
Phase Duration, s 9.9 9.9 10.7
Change Period, (Y+Rc), s 5.5 5.5 5.5
Max Allow Headway (MAH), s 4.1 4.1 41
Queue Clearance Time (gs), S 5.5 3.1 4.4
Green Extension Time (ge), s 0.4 0.5 1.6
Phase Call Probability 0.75 0.75 0.87
Max Out Probability 0.59 0.12 0.00
Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 5 2 6 16 8 8 18
Adjusted Flow Rate (v), veh/h 158 41 23 23 351 12
Adjusted Saturation Flow Rate (s), veh/h/In 1304 | 1617 1698 | 1642 || 1318 | 1439
Queue Service Time (gs), s 2.4 0.2 1.1 0.2 2.4 0.1
Cycle Queue Clearance Time (gc), s 3.5 0.2 1.1 0.2 2.4 0.1
Green Ratio (g/C) 0.21 | 0.21 0.21 | 0.21 || 0.25 | 0.25
Capacity (c), veh/h 557 | 688 361 | 350 || 662 | 362
Volume-to-Capacity Ratio (X) 0.284 | 0.059 0.063 | 0.065 | 0.529 | 0.033
Available Capacity (ca), veh/h 946 | 1654 869 | 840 | 8797 | 4803
Back of Queue (Q), veh/In (95th percentile) 0.5 | 0.0 0.1 0.1 04 | 0.0
Queue Storage Ratio (RQ) (95th percentile) 0.14 | 0.00 0.00 | 0.00 || 0.01 | 0.00
Uniform Delay (d+), s/veh 8.3 6.4 6.4 6.4 6.6 5.8
Incremental Delay (d>), s/veh 0.2 0.0 0.1 0.1 0.7 0.0
Initial Queue Delay (d3), s/veh 0.0 | 0.0 0.0 | 0.0 0.0 | 0.0
Control Delay (d), s/veh 85 | 6.5 6.5 | 6.5 73 | 5.8
Level of Service (LOS) A A A A A A
Approach Delay, s/veh / LOS 81 | A 65 | A 72 | A 00 |
Intersection Delay, s/veh / LOS 7.5 A
Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS 1.9 A 1.9 A 2.7 B 2.8 C
Bicycle LOS Score / LOS 0.7 A 0.5 A 1.1 A

Copyright © 2016 University of Florida, All Rights Reserved. HCS 2010™ Streets Version 6.50 Generated: 5/17/2016 2:31:25 PM



HCS+:

Analyst: JKM

Agency/Co.: HDR

Date Performed: 11/13/2013

Analysis Time Period: AM Peak
Intersection: E Benson Rd & I-229
Jurisdiction: Sioux Falls, SD
Units: U. S. Customary

Analysis Year: Existing (2013)
Project ID: I-229 MIS

East/West Street:

North/South Street:

E Benson Rd
I-229 SB Ramps

Unsignalized Intersections Release 5.6

TWO-WAY STOP CONTROL SUMMARY

SB Ramps

Intersection Orientation: EW Study period (hrs): 0.25
Vehicle Volumes and Adjustments
Major Street: Approach Eastbound Westbound
Movement 1 2 3 | 4 5 6
L T R | L T R
Volume 94 295 13 1610
Peak-Hour Factor, PHF 0.80 0.80 0.80 0.80
Hourly Flow Rate, HFR 117 368 16 2012
Percent Heavy Vehicles —-— —-— 6 —-— —-—
Median Type/Storage Undivided /
RT Channelized?
Lanes 2 0 1 2
Configuration T TR L T
Upstream Signal? Yes Yes
Minor Street: Approach Northbound Southbound
Movement 7 8 9 | 10 11 12
L T R | L T R
Volume 6 0 107
Peak Hour Factor, PHF 0.80 0.80 0.80
Hourly Flow Rate, HFR 7 0 133
Percent Heavy Vehicles 6 6 6
Percent Grade (%) 0 0
Flared Approach: Exists?/Storage / No /
Lanes 1 1 0
Configuration L TR
Delay, Queue Length, and Level of Service
Approach EB WB Northbound Southbound
Movement 1 4 | 7 8 9 | 10 11 12
Lane Config L | | L TR
v (vph) 16 7 133
C(m) (vph) 1046 41 282
v/c 0.02 0.17 0.47
95% gqueue length 0.05 0.55 2.38
Control Delay 8.5 110.1 28.7
LOS A F D
Approach Delay 32.7
Approach LOS D




HCS+:

Phone:
E-Mail:
TWO-WAY STOP CONTROL (TWSC)
Analyst: JKM
Agency/Co.: HDR

Date Performed:

Unsignalized Intersections Release 5.6

11/13/2013

Analysis Time Period: AM Peak

Intersection:
Jurisdiction:

Units: U. S. Customary
Analysis Year:

Project ID: I-229 MIS
East/West Street:
North/South Street:

Existing (2013)

E Benson Rd
I-229 SB Ramps

Fax:

E Benson Rd & I-229 SB Ramps
Sioux Falls, SD

ANALYSIS

Intersection Orientation: EW Study period (hrs): 0.25
Vehicle Volumes and Adjustments

Major Street Movements 1 2 3 4 5 6

L T R L T R
Volume 94 295 13 1610
Peak-Hour Factor, PHF 0.80 0.80 0.80 0.80
Peak-15 Minute Volume 29 92 4 503
Hourly Flow Rate, HFR 117 368 16 2012
Percent Heavy Vehicles - - 6 - -
Median Type/Storage Undivided /
RT Channelized?
Lanes 2 0 1 2
Configuration T TR T
Upstream Signal? Yes Yes
Minor Street Movements 7 8 9 10 11 12

L T R L T R
Volume 6 0 107
Peak Hour Factor, PHF 0.80 0.80 0.80
Peak-15 Minute Volume 2 0 33
Hourly Flow Rate, HFR 7 0 133
Percent Heavy Vehicles 6 6 6
Percent Grade (%) 0 0
Flared Approach: Exists?/Storage / No
RT Channelized?
Lanes 1 1 0
Configuration TR

Movements

13 14 15

Pedestrian Volumes and Adjustments

16

Flow (ped/hr)



Lane Width (ft) 12.0 12.0 12.0 12.0
Walking Speed (ft/sec) 4.0 4.0 4.0 4.0
Percent Blockage 0 0 0 0

Upstream Signal Data

Prog. Sat Arrival Green Cycle Prog. Distance

Flow Flow Type Time Length Speed to Signal
vph vph sec sec mph feet
S2 Left-Turn 0 1800 3 0 72 40 1950
Through 321 1800 3 37 72 40 1950
S5 Left-Turn 0 1800 3 0 111 40 1050
Through 127 1800 3 11 111 40 1050

Worksheet 3-Data for Computing Effect of Delay to Major Street Vehicles

Movement 2 Movement 5

Shared 1n volume, major th vehicles:
Shared 1n volume, major rt vehicles:
Sat flow rate, major th vehicles:
Sat flow rate, major rt vehicles:
Number of major street through lanes:

Worksheet 4-Critical Gap and Follow-up Time Calculation

Critical Gap Calculation

Movement 1 4 7 8 9 10 11 12

L L L T R L T R
t (c, base) 4.1 7.5 6.5 6.2
t(c,hv) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
P (hv) 6 6 6 6
t(c,qg) 0.20 0.20 0.10 0.20 0.20 0.10
Percent Grade 0.00 0.00 0.00 0.00 0.00 0.00
t(3,1t) 0.00 0.70 0.00 0.00
t(c,T): 1l-stage 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2-stage 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
t(c) l-stage 4.2 6.9 6.6 6.3
2-stage

Follow-Up Time Calculations
Movement 1 4 7 8 9 10 11 12

L L L T R L T R
t (£, base) 2.20 3.50 4.00 3.30
t (£, HV) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
P (HV) 6 6 6 6
t(f) 2.3 3.6 4.1 3.4
Worksheet 5-Effect of Upstream Signals
Computation 1-Queue Clearance Time at Upstream Signal

Movement 2 Movement 5
V(t) V(l,prot) V(t) V(l,prot)

V prog 321 0 127 0



Total Saturation Flow Rate, s (vph) 3600 3600 3600 3600
Arrival Type 3 3 3 3
Effective Green, g (sec) 37 0 11 0
Cycle Length, C (sec) 72 72 111 111
Rp (from Exhibit 16-11) 1.000 1.000 1.000 1.000
Proportion vehicles arriving on green P 0.514 0.000 0.099 0.000
g(gl) 3.1 0.0 3.5 0.0
g(g2) 0.3 0.0 0.1 0.0
g(q) 3.4 0.0 3.7 0.0
Computation 2-Proportion of TWSC Intersection Time blocked

Movement 2

V(t)

V(l,prot)

Movement 5

V(t)

V(l,prot)

alpha

beta

Travel time, t(a) (sec)

Smoothing Factor, F

Proportion of conflicting flow, £
Max platooned flow, V(c,max)

Min platooned flow, V(c,min)
Duration of blocked period, t(p)
Proportion time blocked, p

1.000
924
2000
0.0

0.500
0.667
33.163
0.083
1.000
0
2000
0.0
0.000

1.000
1560
2000
0.0

0.500
0.667
17.857
0.144
1.000
0
2000
0.0
0.000

Computation 3-Platoon Event Periods

Result

p(2)

p(5)

p (dom)

p (subo)

Constrained or unconstrained?

.000

.000

.000

.000
U

o O O o

Proportion

unblocked (1)

for minor Single-stage
movements, p(x) Process

(2)

(3)

Two-Stage Process

Stage

I

Stage II

4) 1.000

10) 1.000
11) 1.000
12) 1.000

o 's ' ‘o 'O 'O ‘T 'O

Computation 4 and 5
Single-Stage Process
Movement

[SY
1SN

~J
(00

V ¢, x 485
s 3000
Px 1.000
V c,u,x 485

2102
3000
1.000
2102

2529 1006
3000 3000
1.000 1.000
2529 1006

C r,x 1046
C plat,x 1046

42
42

26 282
26 282

Two-Stage Process

10

11



Stagel Stage2 Stagel Stage2 Stagel Stage2 Stagel Stage?2

V(c, x)

s 3000 3000 3000 3000
P(x)

V(c,u, x)

C(r,x)
C(plat, x)

Worksheet 6-Impedance and Capacity Equations

Step 1: RT from Minor St. 9 12
Conflicting Flows 1006
Potential Capacity 282
Pedestrian Impedance Factor 1.00 1.00
Movement Capacity 282
Probability of Queue free St. 1.00 0.53
Step 2: LT from Major St. 4 1
Conflicting Flows 485

Potential Capacity 1046

Pedestrian Impedance Factor 1.00 1.00
Movement Capacity 1046

Probability of Queue free St. 0.98 1.00

Maj L-Shared Prob Q free St.

Step 3: TH from Minor St. 8 11
Conflicting Flows 2529
Potential Capacity 26
Pedestrian Impedance Factor 1.00 1.00
Cap. Adj. factor due to Impeding mvmnt 0.98 0.98
Movement Capacity 26
Probability of Queue free St. 1.00 1.00
Step 4: LT from Minor St. 7 10
Conflicting Flows 2102
Potential Capacity 42
Pedestrian Impedance Factor 1.00 1.00
Maj. L, Min T Impedance factor 0.98

Maj. L, Min T Adj. Imp Factor. 0.99

Cap. Adj. factor due to Impeding mvmnt 0.52 0.98
Movement Capacity 41

Worksheet 7-Computation of the Effect of Two-stage Gap Acceptance

Step 3: TH from Minor St. 8 11

Part 1 - First Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Probability of Queue free St.



Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Part 3 - Single Stage

Conflicting Flows 2529
Potential Capacity 26
Pedestrian Impedance Factor 1.00 1.00
Cap. Adj. factor due to Impeding mvmnt 0.98 0.98
Movement Capacity 26

Result for 2 stage process:

a

Yy

C t 26
Probability of Queue free St. 1.00 1.00
Step 4: LT from Minor St. 7 10

Part 1 - First Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Part 3 - Single Stage

Conflicting Flows 2102

Potential Capacity 42

Pedestrian Impedance Factor 1.00 1.00

Maj. L, Min T Impedance factor 0.98

Maj. L, Min T Adj. Imp Factor. 0.99

Cap. Adj. factor due to Impeding mvmnt 0.52 0.98

Movement Capacity 41

Results for Two-stage process:

a

%

C t 41

Worksheet 8-Shared Lane Calculations

Movement 7 8 9 10 11 12
L T R L T R

Volume (vph) 7 0 133

Movement Capacity (vph) 41 26 282

Shared Lane Capacity (vph) 282




Worksheet

9-Computation of Effect of Flared Minor Street Approaches

Movement

~J
[ee}
Ne)

C sep
Volume
Delay
Q sep
Q sep
round

+1
(Qsep +1)

282
0 133

n max
C sh
SUM C
n

C act

sep

282

Worksheet 10-Delay,

Queue Length,

and Level of Service

Movement 1 4
Lane Config L

11 12

TR

16
1046
0.02
95% gqueue length 0.05
Control Delay 8.5
LOS A
Approach Delay

Approach LOS

v (vph)
C(m) (vph)
v/c

0.17
0.55
110.1

133
282
0.47
2.38
28.7

Worksheet 11-Shared Major LT Impedance and Delay

Movement 2

Movement 5

0j)

il),
i2),
il),
(i2),
P*(0o7j)
da(M,LT),

stream 2 or 5
stream 3 or 6

Volume for
Volume for
Saturation
Saturation

(
(
(
(

p
v
v
s
S

Delay for stream 1 or 4

1.

flow rate for stream 2 or 5
flow rate for stream 3 or ©

N, Number of major street through lanes

d(rank, 1)

Delay for stream 2 or 5

00

0.98




HCS+:

Unsignalized Intersections Release 5.6

TWO-WAY STOP CONTROL SUMMARY

Analyst: JKM

Agency/Co.: HDR

Date Performed: 11/13/2013

Analysis Time Period: PM Peak
Intersection: E Benson Rd & I-229
Jurisdiction: Sioux Falls, SD
Units: U. S. Customary

Analysis Year: Existing (2013)
Project ID: I-229 MIS

East/West Street:

North/South Street:

E Benson Rd
I-229 SB Ramps

SB Ramps

Intersection Orientation: EW Study period (hrs): 0.25
Vehicle Volumes and Adjustments
Major Street: Approach Eastbound Westbound
Movement 1 2 3 | 4 5 6
L T R | L T R
Volume 163 1225 16 348
Peak-Hour Factor, PHF 0.93 0.93 0.93 0.93
Hourly Flow Rate, HFR 175 1317 17 374
Percent Heavy Vehicles —-— —-— 6 —-— —-—
Median Type/Storage Undivided /
RT Channelized?
Lanes 2 0 1 2
Configuration T TR L T
Upstream Signal? Yes Yes
Minor Street: Approach Northbound Southbound
Movement 7 8 9 | 10 11 12
L T R | L T R
Volume 22 0 50
Peak Hour Factor, PHF 0.93 0.93 0.93
Hourly Flow Rate, HFR 23 0 53
Percent Heavy Vehicles 6 6 6
Percent Grade (%) 0 0
Flared Approach: Exists?/Storage / No /
Lanes 1 1 0
Configuration L TR
Delay, Queue Length, and Level of Service
Approach EB WB Northbound Southbound
Movement 1 4 | 7 8 9 | 10 11 12
Lane Config L | | L TR
v (vph) 17 23 53
C(m) (vph) 446 628 841
v/c 0.04 0.04 0.06
95% gqueue length 0.12 0.11 0.20
Control Delay 13.4 11.0 9.6
LOS B B A
Approach Delay 10.0-
Approach LOS A




HCS+:

Phone:
E-Mail:
TWO-WAY STOP CONTROL (TWSC)
Analyst: JKM
Agency/Co.: HDR
Date Performed: 11/13/2013
Analysis Time Period: PM Peak

Intersection:

Unsignalized Intersections Release 5.6

Jurisdiction: Sioux Falls, SD
Units: U. S. Customary
Analysis Year: Existing (2013)
Project ID: I-229 MIS

East/West Street:
North/South Street:

E Benson Rd
I-229 SB Ramps

Fax:

E Benson Rd & I-229 SB Ramps

ANALYSIS

Intersection Orientation: EW Study period (hrs): 0.25
Vehicle Volumes and Adjustments

Major Street Movements 1 2 3 4 5 6

L T R L T R
Volume 163 1225 16 348
Peak-Hour Factor, PHF 0.93 0.93 0.93 0.93
Peak-15 Minute Volume 44 329 4 94
Hourly Flow Rate, HFR 175 1317 17 374
Percent Heavy Vehicles - - 6 - -
Median Type/Storage Undivided /
RT Channelized?
Lanes 2 0 1 2
Configuration T TR T
Upstream Signal? Yes Yes
Minor Street Movements 7 8 9 10 11 12

L T R L T R
Volume 22 0 50
Peak Hour Factor, PHF 0.93 0.93 0.93
Peak-15 Minute Volume 6 0 13
Hourly Flow Rate, HFR 23 0 53
Percent Heavy Vehicles 6 6 6
Percent Grade (%) 0 0
Flared Approach: Exists?/Storage / No
RT Channelized?
Lanes 1 1 0
Configuration TR

Movements

13 14 15

Pedestrian Volumes and Adjustments

16

Flow (ped/hr)



Lane Width (ft) 12.0 12.0 12.0 12.0
Walking Speed (ft/sec) 4.0 4.0 4.0 4.0
Percent Blockage 0 0 0 0

Upstream Signal Data

Prog. Sat Arrival Green Cycle Prog. Distance

Flow Flow Type Time Length Speed to Signal
vph vph sec sec mph feet
S2 Left-Turn 0 1800 3 0 77 40 1950
Through 849 1800 3 35 77 40 1950
S5 Left-Turn 0 1800 3 0 20 40 1050
Through 38 1800 3 4 20 40 1050

Worksheet 3-Data for Computing Effect of Delay to Major Street Vehicles

Movement 2

Movement 5

Shared 1n volume, major th vehicles:
Shared 1n volume, major rt vehicles:
Sat flow rate, major th vehicles:
Sat flow rate, major rt vehicles:
Number of major street through lanes:

Worksheet 4-Critical Gap and Follow-up Time Calculation

Critical Gap Calculation

Movement 1 4 7 8 9 10 11 12

L L L T R L T R
t (c, base) 4.1 7.5 6.5 6.2
t(c,hv) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
P (hv) 6 6 6 6
t(c,qg) 0.20 0.20 0.10 0.20 0.20 0.10
Percent Grade 0.00 0.00 0.00 0.00 0.00 0.00
t(3,1t) 0.00 0.70 0.00 0.00
t(c,T): 1l-stage 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2-stage 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
t(c) l-stage 4.2 6.9 6.6 6.3
2-stage

Follow-Up Time Calculations
Movement 1 4 7 8 9 10 11 12

L L L T R L T R
t (£, base) 2.20 3.50 4.00 3.30
t (£, HV) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
P (HV) 6 6 6 6
t(f) 2.3 3.6 4.1 3.4
Worksheet 5-Effect of Upstream Signals
Computation 1-Queue Clearance Time at Upstream Signal

Movement 2 Movement 5
V(t) V(l,prot) V(t) V(l,prot)

V prog 849 0 38 0



Total Saturation Flow Rate, s (vph) 3600 3600 3600 3600
Arrival Type 3 3 3 3
Effective Green, g (sec) 35 0 4 0
Cycle Length, C (sec) 77 77 20 20

Rp (from Exhibit 16-11) 1.000 1.000 1.000 1.000
Proportion vehicles arriving on green P 0.455 0.000 0.200 0.000
g(gql) 9.9 0.0 0.2 0.
g(g2) 3.1 0.0 0.0 0.
g(q) 13.0 0.0 0.2 0.
Computation 2-Proportion of TWSC Intersection Time blocked

Movement 2

V(t)

V(l,prot)

Movement 5

V(t)

V(l,prot)

alpha

beta

Travel time, t(a) (sec)

Smoothing Factor, F

Proportion of conflicting flow, £
Max platooned flow, V(c,max)

Min platooned flow, V(c,min)
Duration of blocked period, t(p)
Proportion time blocked, p

1.00
2428
2000
7.2

0.500

0.667

33.163

0.083

0 1.000
0
2000
0.0

0.094

1.000
94
2000
0.0

0.500
0.667

17.857

0.144

1.000

0

2000
0.0

0.000

Computation 3-Platoon Event Periods

Result

(2)

(5)

(dom)

(subo)

Constrained or unconstrained?

P
p
p
P

.094

.000

.094

.000
U

o O O o

Proportion

unblocked (1)

for minor Single-stage
movements, p(x) Process

(2

)

(3)

Two-Stage Process

Stage

I

Stage II

4) 0.906

10) 0.906
11) 0.906
12) 1.000

o 's ' ‘o 'O 'O ‘T 'O

Computation 4 and 5
Single-Stage Process
Movement

[SY
1SN

~J

(00
NeJ

V c,x 1492
s 3000
Px 0.906
V c,u,x 1335

495
3000
0.906
235

1900
3000
0.906
1786

187
3000
1.000
187

C r,x 492
C plat,x 446

721
653

777
70

841
841

Two-Stage Process

10

11



Stagel Stage2 Stagel Stage2 Stagel Stage2 Stagel Stage?2

V(c, x)

s 3000 3000 3000 3000
P(x)

V(c,u, x)

C(r,x)
C(plat, x)

Worksheet 6-Impedance and Capacity Equations

Step 1: RT from Minor St. 9 12
Conflicting Flows 187
Potential Capacity 841
Pedestrian Impedance Factor 1.00 1.00
Movement Capacity 841
Probability of Queue free St. 1.00 0.94
Step 2: LT from Major St. 4 1
Conflicting Flows 1492

Potential Capacity 446

Pedestrian Impedance Factor 1.00 1.00
Movement Capacity 446

Probability of Queue free St. 0.96 1.00

Maj L-Shared Prob Q free St.

Step 3: TH from Minor St. 8 11
Conflicting Flows 1900
Potential Capacity 70
Pedestrian Impedance Factor 1.00 1.00
Cap. Adj. factor due to Impeding mvmnt 0.96 0.96
Movement Capacity 67
Probability of Queue free St. 1.00 1.00
Step 4: LT from Minor St. 7 10
Conflicting Flows 495
Potential Capacity 653
Pedestrian Impedance Factor 1.00 1.00
Maj. L, Min T Impedance factor 0.96

Maj. L, Min T Adj. Imp Factor. 0.97

Cap. Adj. factor due to Impeding mvmnt 0.91 0.96
Movement Capacity 628

Worksheet 7-Computation of the Effect of Two-stage Gap Acceptance

Step 3: TH from Minor St. 8 11

Part 1 - First Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Probability of Queue free St.



Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Part 3 - Single Stage

Conflicting Flows 1900
Potential Capacity 70
Pedestrian Impedance Factor 1.00 1.00
Cap. Adj. factor due to Impeding mvmnt 0.96 0.96
Movement Capacity 67

Result for 2 stage process:

a

Yy

C t 67
Probability of Queue free St. 1.00 1.00
Step 4: LT from Minor St. 7 10

Part 1 - First Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Part 3 - Single Stage

Conflicting Flows 495

Potential Capacity 653

Pedestrian Impedance Factor 1.00 1.00

Maj. L, Min T Impedance factor 0.96

Maj. L, Min T Adj. Imp Factor. 0.97

Cap. Adj. factor due to Impeding mvmnt 0.91 0.96

Movement Capacity 628

Results for Two-stage process:

a

y

C t 628

Worksheet 8-Shared Lane Calculations

Movement 7 8 9 10 11 12
L T R L T R

Volume (vph) 23 0 53

Movement Capacity (vph) 628 67 841

Shared Lane Capacity (vph) 841




Worksheet 9-Computation of Effect of Flared Minor Street Approaches
Movement 7 8 9 10 11 12

L T R L T R
C sep 628 67 841
Volume 23 0 53
Delay
Q sep
Q sep +1
round (Qsep +1)
n max
C sh 841
SUM C sep
n
C act
Worksheet 10-Delay, Queue Length, and Level of Service
Movement 1 4 7 8 9 10 11 12
Lane Config L L TR
v (vph) 17 23 53
C(m) (vph) 446 628 841
v/c 0.04 0.04 0.06
95% gqueue length 0.12 0.11 0.20
Control Delay 13.4 11.0 9.6
LOS B B A
Approach Delay 10.0-
Approach LOS A
Worksheet 11-Shared Major LT Impedance and Delay

Movement 2 Movement 5

p(oj) 1.00 0.96
v(il), Volume for stream 2 or 5
v(i2), Volume for stream 3 or 6
s(i1l), Saturation flow rate for stream 2 or 5
s(i2), Saturation flow rate for stream 3 or 6
P*(0o7j)
d(M,LT), Delay for stream 1 or 4 13.4
N, Number of major street through lanes
d(rank,1l) Delay for stream 2 or 5




HCS+:

Unsignalized Intersections Release 5.6

TWO-WAY STOP CONTROL SUMMARY

Analyst:

Agency/Co.:

Date Performed:
Analysis Time Period:
Intersection:
Jurisdiction:

Units: U. S. Customary
Analysis Year:
Project ID: I-229 MIS

East/West Street:
North/South Street:

JKM

HDR

11/13/2013

AM Peak

E Benson Rd & Potsdam Ave
Sioux Falls, SD

Existing (2013)
E Benson Rd
Potsdam Ave

Intersection Orientation: EW Study period (hrs): 0.25
Vehicle Volumes and Adjustments

Major Street: Approach Eastbound Westbound

Movement 1 2 3 | 4 5 6

L T R | L T R

Volume 31 308 44 113 1302 302
Peak-Hour Factor, PHF 0.80 0.80 0.80 0.80 0.80 0.80
Hourly Flow Rate, HFR 38 384 54 141 1627 377
Percent Heavy Vehicles 6 —-— —-— 6 —-— —-—
Median Type/Storage Undivided /
RT Channelized?
Lanes 1 2 0 1 2 0
Configuration L T TR L T TR
Upstream Signal? Yes Yes
Minor Street: Approach Northbound Southbound

Movement 7 8 9 | 10 11 12

L T R | L T R
Volume 25 6 75 6 6 19
Peak Hour Factor, PHF 0.80 0.80 0.80 0.80 0.80 0.80
Hourly Flow Rate, HFR 31 7 93 7 7 23
Percent Heavy Vehicles 2 2 2 2 2 2
Percent Grade (%) 0 0
Flared Approach: Exists?/Storage No / No /
Lanes 1 1 0 0 1 0
Configuration L TR LTR
Delay, Queue Length, and Level of Service

Approach EB WB Northbound Southbound
Movement 1 4 | 7 8 9 | 10 11 12
Lane Config L L | L TR | LTR
v (vph) 38 141 31 100 37
C(m) (vph) 267 1090 38 163 28
v/c 0.14 0.13 0.82 0.61 1.32
95% gqueue length 0.49 0.44 3.00 3.34 4.33
Control Delay 20.7 8.8 249.3 57.0 491.7
LOS C A F F F
Approach Delay 102.5 491.7
Approach LOS F F




HCS+:

Phone:
E-Mail:

Unsignalized Intersections Release 5.6

Fax:

Analyst:

Agency/Co.:

Date Performed:
Analysis Time Period:
Intersection:
Jurisdiction:

Units: U. S. Customary
Analysis Year:
Project ID: I-229 MIS

East/West Street:
North/South Street:

TWO-WAY STOP CONTROL (TWSC) ANALYSIS
JKM

HDR

11/13/2013

AM Peak

E Benson Rd & Potsdam Ave

Sioux Falls, SD

Existing (2013)

E Benson Rd
Potsdam Ave

Intersection Orientation: EW Study period (hrs):
Vehicle Volumes and Adjustments

Major Street Movements 1 2 3 4 5 6

L T R L T R
Volume 31 308 44 113 1302 302
Peak-Hour Factor, PHF 0.80 0.80 0.80 0.80 0.80 0.80
Peak-15 Minute Volume 10 96 14 35 407 94
Hourly Flow Rate, HFR 38 384 54 141 1627 377
Percent Heavy Vehicles 6 - - 6 - -
Median Type/Storage Undivided /
RT Channelized?
Lanes 1 2 0 1 2 0
Configuration L T TR L T TR
Upstream Signal? Yes Yes
Minor Street Movements 7 8 9 10 11 12

L T R L T R
Volume 25 6 75 6 6 19
Peak Hour Factor, PHF 0.80 0.80 0.80 0.80 0.80 0.80
Peak-15 Minute Volume 8 2 23 2 2 6
Hourly Flow Rate, HFR 31 7 93 7 7 23
Percent Heavy Vehicles 2 2 2 2 2 2
Percent Grade (%) 0 0
Flared Approach: Exists?/Storage No / No
RT Channelized?
Lanes 1 1 0 0 1 0
Configuration L TR LTR

Movements

Pedestrian Volumes and Adjustments

13 14 15 16

Flow (ped/hr)



Lane Width (ft) 12.0 12.0 12.0 12.0
Walking Speed (ft/sec) 4.0 4.0 4.0 4.0
Percent Blockage 0 0 0 0

Upstream Signal Data

Prog. Sat Arrival Green Cycle Prog. Distance

Flow Flow Type Time Length Speed to Signal
vph vph sec sec mph feet
S2 Left-Turn 0 1800 3 0 72 40 1425
Through 321 1800 3 37 72 40 1425
S5 Left-Turn 0 1800 3 0 111 40 1575
Through 127 1800 3 11 111 40 1575

Worksheet 3-Data for Computing Effect of Delay to Major Street Vehicles

Movement 2 Movement 5

Shared 1n volume, major th vehicles:
Shared 1n volume, major rt vehicles:
Sat flow rate, major th vehicles:
Sat flow rate, major rt vehicles:
Number of major street through lanes:

Worksheet 4-Critical Gap and Follow-up Time Calculation

Critical Gap Calculation

Movement 1 4 7 8 9 10 11 12
L L L T R L T R
t (c,base) 4.1 4.1 7.5 6.5 6.2 7.5 6.5 6.2
t(c,hv) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
P (hv) 6 6 2 2 2 2 2 2
t(c,qg) 0.20 0.20 0.10 0.20 0.20 0.10
Percent Grade 0.00 0.00 0.00 0.00 0.00 0.00
t(3,1t) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
t(c,T): 1l-stage 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-stage 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
t(c) l-stage 4.2 4.2 7.5 6.5 6.2 7.5 6.5 6.2
2-stage
Follow-Up Time Calculations
Movement 1 4 7 8 9 10 11 12
L L L T R L T R
t (f,base) 2.20 2.20 3.50 4.00 3.30 3.50 4.00 3.30
t (f,HV) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
P (HV) 6 6 2 2 2 2 2 2
t (f) 2.3 2.3 3.5 4.0 3.3 3.5 4.0 3.3

Worksheet 5-Effect of Upstream Signals

Computation 1-Queue Clearance Time at Upstream Signal
Movement 2 Movement 5
V(t) V(l,prot) V(t) V(l,prot)

V prog 321 0 127 0



Total Saturation Flow Rate, s (vph) 3600 3600 3600 3600
Arrival Type 3 3 3 3
Effective Green, g (sec) 37 0 11 0
Cycle Length, C (sec) 72 72 111 111
Rp (from Exhibit 16-11) 1.000 1.000 1.000 1.000
Proportion vehicles arriving on green P 0.514 0.000 0.099 0.000
g(gl) 3.1 0.0 3.5 0.0
g(g2) 0.3 0.0 0.1 0.0
g(q) 3.4 0.0 3.7 0.0
Computation 2-Proportion of TWSC Intersection Time blocked

Movement 2

Movement 5

V(t) V(l,prot) V(t) V(l,prot)
alpha 0.500 0.500
beta 0.667 0.667
Travel time, t(a) (sec) 24.235 26.786
Smoothing Factor, F 0.110 0.101
Proportion of conflicting flow, £ 1.000 1.000 1.000 1.000
Max platooned flow, V(c,max) 1187 0 1158 0
Min platooned flow, V(c,min) 2000 2000 2000 2000
Duration of blocked period, t(p) 0.0 0.0 0.0 0.0
Proportion time blocked, p 0.000 0.000
Computation 3-Platoon Event Periods Result
p(2) 0.000
p(3) 0.000
p (dom) 0.000
p (subo) 0.000
Constrained or unconstrained? U
Proportion
unblocked (1) (2) (3)
for minor Single-stage Two-Stage Process
movements, p(x) Process Stage I Stage ITI
p (1) 1.000
p(4) 1.000
p(7) 1.000
p(8) 1.000
p(9) 1.000
p(10) 1.000
p(1l1) 1.000
p(l2) 1.000
Computation 4 and 5
Single-Stage Process
Movement 1 4 7 8 9 10 11 12
L L L T R L T R
V ¢, x 2004 438 1585 2773 219 2370 2612 1002
s 3000 3000 3000 3000 3000 3000 3000 3000
Px 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
V c,u,x 2004 438 1585 2773 219 2370 2612 1002
C r,x 267 1090 73 19 819 18 24 293
C plat,x 267 1090 73 19 819 18 24 293
Two-Stage Process
7 8 10 11



Stagel Stage2 Stagel Stage2 Stagel Stage2 Stagel Stage?2

V(c, x)

s 3000 3000 3000 3000 3000 3000 3000 3000
P(x)

V(c,u, x)

C(r,x)
C(plat, x)

Worksheet 6-Impedance and Capacity Equations

Step 1: RT from Minor St. 9 12
Conflicting Flows 219 1002
Potential Capacity 819 293
Pedestrian Impedance Factor 1.00 1.00
Movement Capacity 819 293
Probability of Queue free St. 0.89 0.92
Step 2: LT from Major St. 4 1
Conflicting Flows 438 2004
Potential Capacity 1090 267
Pedestrian Impedance Factor 1.00 1.00
Movement Capacity 1090 267
Probability of Queue free St. 0.87 0.86

Maj L-Shared Prob Q free St.

Step 3: TH from Minor St. 8 11
Conflicting Flows 2773 2612
Potential Capacity 19 24

Pedestrian Impedance Factor 1.00 1.00
Cap. Adj. factor due to Impeding mvmnt 0.75 0.75
Movement Capacity 14 18

Probability of Queue free St. 0.50 0.61
Step 4: LT from Minor St. 7 10
Conflicting Flows 1585 2370
Potential Capacity 73 18

Pedestrian Impedance Factor 1.00 1.00
Maj. L, Min T Impedance factor 0.46 0.37
Maj. L, Min T Adj. Imp Factor. 0.57 0.50
Cap. Adj. factor due to Impeding mvmnt 0.53 0.44
Movement Capacity 38 8

Worksheet 7-Computation of the Effect of Two-stage Gap Acceptance

Step 3: TH from Minor St. 8 11

Part 1 - First Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Probability of Queue free St.



Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Part 3 - Single Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

2773
19
1.00
0.75
14

2612
24
1.00
0.75
18

Result for 2 stage process:

a

Yy

C t

Probability of Queue free St.

14
0.50

18
0.61

Step 4: LT from Minor St.

10

Part 1 - First Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Part 3 - Single Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Maj. L, Min T Impedance factor

Maj. L, Min T Adj. Imp Factor.

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

1585
73

1.00
0.46
0.57
0.53
38

2370
18

.00
.37
.50
.44

=

0 O O O

Results for Two-stage process:
a
%
C t

38

Worksheet 8-Shared Lane Calculations

Movement 7 8

Volume (vph) 31 7
Movement Capacity (vph) 38 14
Shared Lane Capacity (vph)

23
293




Worksheet 9-Computation of Effect of Flared Minor Street Approaches

Movement 7 8 9
L T R

C sep 38 14 819
Volume 31 7 93
Delay

Q sep

Q sep +1

round (Qsep +1)

293
23

n max

C sh 163
SUM C sep

n

C act

28

Worksheet 10-Delay, Queue Length, and Level of Service

~J
(00
Ne)

Movement 1 4
Lane Config L L L TR

10

11
LTR

v (vph) 38 141 31 100
C(m) (vph) 267 1090 38 163
v/c 0.14 0.13 0.82 0.61
95% gqueue length 0.49 0.44 3.00 3.34
Control Delay 20.7 8.8 249.3 57.0
LOS C A F F
Approach Delay 102.5
Approach LOS F

37
28
1.32
4.33
491.

491.

7

9

Worksheet 11-Shared Major LT Impedance and Delay

Movement 2

Movement 5

p(oJ) 0.
v(il), Volume for stream 2 or 5

v(i2), Volume for stream 3 or 6

s(i1l), Saturation flow rate for stream 2 or 5

s(i2), Saturation flow rate for stream 3 or 6

P*(0o7j)

d(M,LT), Delay for stream 1 or 4 20.

N, Number of major street through lanes
d(rank,1l) Delay for stream 2 or 5

86

0.

87




HCS+:

Unsignalized Intersections Release 5.6

TWO-WAY STOP CONTROL SUMMARY

Analyst:

Agency/Co.:

Date Performed:
Analysis Time Period:
Intersection:
Jurisdiction:

Units: U. S. Customary
Analysis Year:
Project ID: I-229 MIS

East/West Street:
North/South Street:

JKM

HDR

11/13/2013

PM Peak

E Benson Rd & Potsdam Ave
Sioux Falls, SD

Existing (2013)

E Benson Rd
Potsdam Ave

Intersection Orientation: EW Study period (hrs): 0.25
Vehicle Volumes and Adjustments

Major Street: Approach Eastbound Westbound

Movement 1 2 3 | 4 5 6

L T R | L T R

Volume 16 1246 43 44 332 22
Peak-Hour Factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Hourly Flow Rate, HFR 17 1339 46 47 356 23
Percent Heavy Vehicles 6 —-— —-— 6 —-— —-—
Median Type/Storage Undivided /
RT Channelized?
Lanes 1 2 0 1 2 0
Configuration L T TR L T TR
Upstream Signal? Yes Yes
Minor Street: Approach Northbound Southbound

Movement 7 8 9 | 10 11 12

L T R | L T R
Volume 22 4 77 65 4 59
Peak Hour Factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Hourly Flow Rate, HFR 23 4 82 69 4 63
Percent Heavy Vehicles 2 2 2 2 2 2
Percent Grade (%) 0 0
Flared Approach: Exists?/Storage No / No
Lanes 1 1 0 0 1 0
Configuration L TR LTR
Delay, Queue Length, and Level of Service

Approach EB WB Northbound Southbound
Movement 1 4 | 7 8 9 | 10 11
Lane Config L L | L TR | LTR
v (vph) 17 477 23 86 136
C(m) (vph) 1148 511 64 456 242
v/c 0.01 0.09 0.36 0.19 0.56
95% gqueue length 0.05 0.30 1.34 0.69 3.12
Control Delay 8.2 12.8 89.9 14.7 37.4
LOS A B F B E
Approach Delay 30.6 37.4
Approach LOS D E




HCS+: Unsignalized Intersections Release 5.6

Phone: Fax:
E-Mail:

TWO-WAY STOP CONTROL (TWSC) ANALYSIS

Analyst: JKM

Agency/Co.: HDR

Date Performed: 11/13/2013

Analysis Time Period: PM Peak

Intersection: E Benson Rd & Potsdam Ave
Jurisdiction: Sioux Falls, SD

Units: U. S. Customary

Analysis Year: Existing (2013)

Project ID: I-229 MIS

East/West Street: E Benson Rd

North/South Street: Potsdam Ave

Intersection Orientation: EW Study period (hrs): 0.25

Vehicle Volumes and Adjustments

Major Street Movements 1 2 3 4 5 6

L T R L T R
Volume 16 1246 43 44 332 22
Peak-Hour Factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Peak-15 Minute Volume 4 335 12 12 89 6
Hourly Flow Rate, HFR 17 1339 46 47 356 23
Percent Heavy Vehicles 6 - - 6 - -
Median Type/Storage Undivided /
RT Channelized?
Lanes 1 2 0 1 2 0
Configuration L T TR L T TR
Upstream Signal? Yes Yes
Minor Street Movements 7 8 9 10 11 12

L T R L T R
Volume 22 4 77 65 4 59
Peak Hour Factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Peak-15 Minute Volume 6 1 21 17 1 16
Hourly Flow Rate, HFR 23 4 82 69 4 63
Percent Heavy Vehicles 2 2 2 2 2 2
Percent Grade (%) 0 0
Flared Approach: Exists?/Storage No / No
RT Channelized?
Lanes 1 1 0 0 1 0
Configuration L TR LTR

Pedestrian Volumes and Adjustments

Movements 13 14 15 16

Flow (ped/hr) 0 0 0 0



Lane Width (ft) 12.0 12.0 12.0 12.0
Walking Speed (ft/sec) 4.0 4.0 4.0 4.0
Percent Blockage 0 0 0 0

Upstream Signal Data

Prog. Sat Arrival Green Cycle Prog. Distance

Flow Flow Type Time Length Speed to Signal
vph vph sec sec mph feet
S2 Left-Turn 0 1800 3 0 77 40 1425
Through 849 1800 3 35 77 40 1425
S5 Left-Turn 0 1800 3 0 20 40 1575
Through 38 1800 3 4 20 40 1575

Worksheet 3-Data for Computing Effect of Delay to Major Street Vehicles

Movement 2

Movement 5

Shared 1n volume, major th vehicles:
Shared 1n volume, major rt vehicles:
Sat flow rate, major th vehicles:
Sat flow rate, major rt vehicles:
Number of major street through lanes:

Worksheet 4-Critical Gap and Follow-up Time Calculation

Critical Gap Calculation

Movement 1 4 7 8 9 10 11 12
L L L T R L T R
t (c,base) 4.1 4.1 7.5 6.5 6.2 7.5 6.5 6.2
t(c,hv) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
P (hv) 6 6 2 2 2 2 2 2
t(c,qg) 0.20 0.20 0.10 0.20 0.20 0.10
Percent Grade 0.00 0.00 0.00 0.00 0.00 0.00
t(3,1t) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
t(c,T): 1l-stage 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-stage 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
t(c) l-stage 4.2 4.2 7.5 6.5 6.2 7.5 6.5 6.2
2-stage
Follow-Up Time Calculations
Movement 1 4 7 8 9 10 11 12
L L L T R L T R
t (f,base) 2.20 2.20 3.50 4.00 3.30 3.50 4.00 3.30
t (f,HV) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
P (HV) 6 6 2 2 2 2 2 2
t (f) 2.3 2.3 3.5 4.0 3.3 3.5 4.0 3.3

Worksheet 5-Effect of Upstream Signals

Computation 1-Queue Clearance Time at Upstream Signal
Movement 2
V(t) V(1l,prot)

Movement 5
V(t)

V(l,prot)

V prog 849 0

38

0



Total Saturation Flow Rate, s (vph) 3600 3600 3600 3600
Arrival Type 3 3 3 3
Effective Green, g (sec) 35 0 4 0
Cycle Length, C (sec) 77 77 20 20
Rp (from Exhibit 16-11) 1.000 1.000 1.000 1.000
Proportion vehicles arriving on green P 0.455 0.000 0.200 0.000
g(gql) 9.9 0.0 0.2 0
g(g2) 3.1 0.0 0.0 0
g(q) 13.0 0.0 0.2 0
Computation 2-Proportion of TWSC Intersection Time blocked
Movement 2 Movement 5
V(t) V(l,prot) V(t) V(l,prot)
alpha 0.500 0.500
beta 0.667 0.667
Travel time, t(a) (sec) 24.235 26.786
Smoothing Factor, F 0.110 0.101
Proportion of conflicting flow, £ 1.000 1.000 1.000 1.000
Max platooned flow, V(c,max) 2807 0 65 0
Min platooned flow, V(c,min) 2000 2000 2000 2000
Duration of blocked period, t(p) 10.6 0.0 0.0 0.0
Proportion time blocked, p 0.137 0.000
Computation 3-Platoon Event Periods Result
p(2) 0.137
p(3) 0.000
p (dom) 0.137
p (subo) 0.000
Constrained or unconstrained? U
Proportion
unblocked (1) (2) (3)
for minor Single-stage Two-Stage Process
movements, p(x) Process Stage I Stage ITI
p(1l) 1.000
p(4) 0.863
p(7) 0.863
p(8) 0.863
p(9) 0.863
p(10) 0.863
p(1l1) 0.863
p(l2) 1.000
Computation 4 and 5
Single-Stage Process
Movement 1 4 7 8 9 10 11 12
L L L T R L T R
V ¢, x 379 1385 1670 1869 692 1167 1881 190
s 3000 3000 3000 3000 3000 3000 3000 3000
Px 1.000 0.863 0.863 0.863 0.863 0.863 0.863 1.000
V c,u,x 379 1128 1458 1689 325 875 1703 190
C r,x 1148 592 91 93 714 243 91 850
C plat,x 1148 511 79 80 616 210 79 850
Two-Stage Process
7 8 10 11



Stagel Stage2 Stagel Stage2 Stagel Stage2 Stagel Stage?2

V(c, x)

s 3000 3000 3000 3000 3000 3000 3000 3000
P(x)

V(c,u, x)

C(r,x)
C(plat, x)

Worksheet 6-Impedance and Capacity Equations

Step 1: RT from Minor St. 9 12
Conflicting Flows 692 190
Potential Capacity 616 850
Pedestrian Impedance Factor 1.00 1.00
Movement Capacity 616 850
Probability of Queue free St. 0.87 0.93
Step 2: LT from Major St. 4 1
Conflicting Flows 1385 379
Potential Capacity 511 1148
Pedestrian Impedance Factor 1.00 1.00
Movement Capacity 511 1148
Probability of Queue free St. 0.91 0.99

Maj L-Shared Prob Q free St.

Step 3: TH from Minor St. 8 11
Conflicting Flows 1869 1881
Potential Capacity 80 79

Pedestrian Impedance Factor 1.00 1.00
Cap. Adj. factor due to Impeding mvmnt 0.89 0.89
Movement Capacity 72 71

Probability of Queue free St. 0.94 0.94
Step 4: LT from Minor St. 7 10
Conflicting Flows 1670 1167
Potential Capacity 79 210
Pedestrian Impedance Factor 1.00 1.00
Maj. L, Min T Impedance factor 0.84 0.84
Maj. L, Min T Adj. Imp Factor. 0.88 0.88
Cap. Adj. factor due to Impeding mvmnt 0.82 0.76
Movement Capacity 64 160

Worksheet 7-Computation of the Effect of Two-stage Gap Acceptance

Step 3: TH from Minor St. 8 11

Part 1 - First Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Probability of Queue free St.



Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Part 3 - Single Stage

Conflicting Flows 1869 1881

Potential Capacity 80 79

Pedestrian Impedance Factor 1.00 1.00

Cap. Adj. factor due to Impeding mvmnt 0.89 0.89

Movement Capacity 72 71

Result for 2 stage process:

a

y

C t 72 71

Probability of Queue free St. 0.94 0.94

Step 4: LT from Minor St. 7 10

Part 1 - First Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt

Movement Capacity

Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt

Movement Capacity

Part 3 - Single Stage

Conflicting Flows 1670 1167

Potential Capacity 79 210

Pedestrian Impedance Factor 1.00 1.00

Maj. L, Min T Impedance factor 0.84 0.84

Maj. L, Min T Adj. Imp Factor. 0.88 0.88

Cap. Adj. factor due to Impeding mvmnt 0.82 0.76

Movement Capacity 64 160

Results for Two-stage process:

a

y

C t 64 160

Worksheet 8-Shared Lane Calculations

Movement 7 8 9 10 11 12
L T R L T R

Volume (vph) 23 4 82 69 4 63

Movement Capacity (vph) 64 72 616 160 71 850

Shared Lane Capacity (vph) 456 242




Worksheet

9-Computation of Effect of Flared Minor Street Approaches

Movement

7
L

8 9
T R

10
L

C sep
Volume
Delay
Q sep
Q sep
round

+1
(Qsep +1)

64
23

616
4 82

160
69

850
63

n max
C sh
SUM C
n

C act

sep

456

24

2

Worksheet 10-Delay,

Queue Length, and L

evel of Service

Movement
Lane Config

1 4
L L L

~J

10

11
LTR

12

v (vph)

C(m) (vph)

v/c

95% gqueue length
Control Delay
LOS

Approach Delay
Approach LOS

17
1148
0.01
0.05
8.2

47

511

0.09

0.30

12.8
B

23

64

0.36

1.34

89.9
F

86
456
0.19
0.69
14.7

136
242
0.56
3.12
37.4

37.4

Worksheet 11-Shared Major LT Impedance

and Delay

Movement 2

Movement 5

(03)
(1i1), Volume for
( Volume for
( Saturation

Saturation

iz),
il),
(i2),
P*(03J)
d(M,LT),

p
v
v
s
S

stream 2 or 5
stream 3 or 6
flow rate for stream
flow rate for stream

Delay for stream 1 or 4

N, Number of major street through lanes

d(rank, 1)

Delay for stream 2 or 5

0.

99

0.

12.

91




HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information iEEEnE.
Agency HDR Duration, h 0.25 . .
Analyst JKM Analysis Date |6/28/2013 Area Type Other » ;
Jurisdiction Sioux Falls, SD Time Period |AM Peak PHF 0.80 ~ —
Intersection Benson Rd & Lewis Ave | Analysis Year |2013 Analysis Period |1>7:15 — —
File Name Existing_Benson_Rd_AM.xus

Project Description Existing AM i I I
Demand Information EB WB NB SB
Approach Movement I L T R | L T R | L T R | L T R

Demand (v), veh/h

Signal Information

Cycle, s 71.5 | Reference Phase 2 - 15 w_:f

Offset, s 0 Reference Point End Green 121 32 339 |19 _ _
Uncoordinated| Yes | Simult. Gap E/W On [Yelow!3.9 0.0 3.9 3.6 0.0 3.6
Force Mode Fixed | Simult. Gap N/S Red

25

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 5 2 1 6 3 8 7 4
Case Number 1.1 4.0 1.1 3.0 2.0 4.0 2.0 3.0
Phase Duration, s 10.2 43.2 7.0 40.0 6.5 13.7 7.6 14.9
Change Period, (Y+Rc), s 4.9 6.1 4.9 6.1 4.6 5.9 4.6 5.9
Max Allow Headway (MAH), s 4.1 4.0 4.1 4.0 4.1 43 4.2 4.3
Queue Clearance Time (gs), s 5.5 7.3 2.9 19.4 3.3 4.6 3.5 8.2
Green Extension Time (ge), s 0.1 9.0 0.0 6.9 0.0 0.6 0.2 0.8
Phase Call Probability 0.96 1.00 0.54 1.00 0.46 0.99 0.76 1.00
Max Out Probability 1.00 0.14 0.81 0.40 1.00 0.04 0.00 0.00
Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 5 2 12 1 6 16 3 8 18 7 4 14
Adjusted Flow Rate (v), veh/h 159 | 222 | 218 39 | 1022 | 346 31 63 71 31 135
Adjusted Saturation Flow Rate (s), veh/h/In 1617 | 1698 | 1645 || 1617 | 1617 | 1439 || 1681 | 1588 1632 | 1765 | 1496
Queue Service Time (gs), s 3.5 5.2 5.3 09 | 174 | 1.9 1.3 2.6 1.5 1.1 6.2
Cycle Queue Clearance Time (gc), s 3.5 5.2 5.3 09 | 174 | 11.9 1.3 2.6 1.5 1.1 6.2
Green Ratio (g/C) 0.55 | 0.52 | 0.52 || 0.50 | 0.47 | 0.47 || 0.03 | 0.11 0.04 | 0.13 | 0.13
Capacity (c), veh/h 309 | 880 | 853 || 528 | 1532 | 682 43 173 138 | 221 187
Volume-to-Capacity Ratio (X) 0.5140.253 | 0.255 1 0.073 | 0.667 | 0.508 || 0.718 | 0.362 0.515] 0.141 | 0.720
Available Capacity (ca), veh/h 349 | 880 | 853 || 640 | 1532 | 682 | 174 | 313 931 | 668 | 567
Back of Queue (Q), veh/In (95th percentile) 20 | 3.2 3.1 05 | 74 | 49 1.4 1.8 1.2 0.9 0.5
Queue Storage Ratio (RQ) (95th percentile) 0.26 | 0.03 | 0.03 | 0.16 | 0.06 | 0.74 §| 0.69 | 0.05 0.07 | 0.02 | 0.01
Uniform Delay (d1), s/veh 1.7 | 96 | 9.6 9.1 | 145 | 13.0 || 346 | 296 33.5 | 279 | 30.1
Incremental Delay (d2), s/veh 1.3 0.7 0.7 0.0 0.6 0.7 § 19.7 | 13 2.9 0.3 5.1
Initial Queue Delay (d3), s/veh 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 | 0.0 0.0 0.0 0.0
Control Delay (d), s/veh 13.0 | 102 | 10.3 | 9.2 | 15.1 | 13.8 || 54.3 | 30.8 36.5 | 28.1 | 35.2
Level of Service (LOS) B B B A B B D C D C D
Approach Delay, s/veh / LOS 110 | B 146 | B 387 | D 347 | C
Intersection Delay, s/veh / LOS 16.7 B

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS | 22 B | 25 B | 30 cC | 28 [
Bicycle LOS Score / LOS | 10 A | 16 A | 06 A | 09 A
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HCS 2010 Signalized Intersection Results Summary

Demand (v), veh/h

Signal Information

Cycle, s 77.3 | Reference Phase 2 - 15 w_:f

Offset, s 0 | Reference Point End Green 123 08 339 121 : :
Uncoordinated| Yes | Simult. Gap E/'W | On [Yellow|3.9 0.0 39 36 3.6 36
Force Mode Fixed | Simult. Gap N/S Red

22

General Information Intersection Information iEEEnE.
Agency HDR Duration, h 0.25 . .
Analyst JKM Analysis Date |Jan 27, 2014 Area Type Other » ;
Jurisdiction Sioux Falls, SD Time Period |PM Peak PHF 0.93 ~ —
Intersection Benson Rd & Lewis Ave | Analysis Year |2013 Analysis Period |1>4:30 — —
File Name Existing_Benson_Rd_PM.xus
Project Description Existing PM i I I
Demand Information EB WB NB SB
Approach Movement I L T R | L T R | L T R | L T R

6

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 5 2 1 6 3 8 7 4
Case Number 1.1 4.0 1.1 3.0 2.0 4.0 2.0 3.0
Phase Duration, s 8.0 40.8 7.2 40.0 6.7 14.2 15.1 22.5
Change Period, (Y+Rc), s 4.9 6.1 4.9 6.1 4.6 5.9 4.6 5.9
Max Allow Headway (MAH), s 4.1 4.0 4.1 4.0 4.1 44 4.2 4.4
Queue Clearance Time (gs), s 3.8 18.2 3.1 7.4 3.6 7.7 9.5 8.8
Green Extension Time (ge), s 0.0 4.9 0.0 5.7 0.0 0.6 1.0 1.0
Phase Call Probability 0.78 1.00 0.58 1.00 0.53 1.00 1.00 1.00
Max Out Probability 1.00 0.19 1.00 0.04 1.00 0.34 0.02 0.00
Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 5 2 12 1 6 16 3 8 18 7 4 14
Adjusted Flow Rate (v), veh/h 70 | 467 | 464 41 357 76 35 117 329 24 152
Adjusted Saturation Flow Rate (s), veh/h/In 1617 | 1698 | 1686 || 1617 | 1617 | 1439 || 1681 | 1543 1632 | 1765 | 1496
Queue Service Time (gs), s 1.8 | 16.2 | 16.2 1.1 5.4 2.4 1.6 5.7 7.5 0.8 6.8
Cycle Queue Clearance Time (gc), s 18 | 16.2 | 16.2 | 11 5.4 24 1.6 5.7 7.5 0.8 6.8
Green Ratio (g/C) 048 | 0.45 | 0.45 || 0.47 | 0.44 | 0.44 || 0.03 | 0.11 0.14 | 0.22 | 0.22
Capacity (c), veh/h 496 | 762 | 756 || 265 | 1418 | 631 46 165 444 | 380 | 322
Volume-to-Capacity Ratio (X) 0.141]0.613|0.613 1 0.154 | 0.252 | 0.121 1 0.765| 0.710 0.741 ] 0.062 | 0.471
Available Capacity (ca), veh/h 579 | 762 | 756 || 365 | 1418 | 631 161 | 281 861 619 | 524
Back of Queue (Q), veh/In (95th percentile) 1.1 96 | 9.6 06 | 3.3 1.4 1.7 | 41 5.4 0.6 4.4
Queue Storage Ratio (RQ) (95th percentile) 0.14 | 0.10 | 0.09 §| 0.22 | 0.03 | 0.21 }| 0.85 | 0.10 0.34 | 0.02 | 0.11
Uniform Delay (d1), s/veh 1.2 | 16.2 | 16.2 | 13.3 | 13.7 | 129 | 37.3 | 334 321 | 241 | 26.5
Incremental Delay (d2), s/veh 0.1 2.8 2.9 0.2 0.4 03 || 225 | 55 2.5 0.1 1.1
Initial Queue Delay (d3), s/veh 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 | 0.0 0.0 0.0 0.0
Control Delay (d), s/veh 1.3 | 191 | 191 | 13.5 | 141 | 13.2 | 59.8 | 38.9 345 | 242 | 27.5
Level of Service (LOS) B B B B B B E D C C C
Approach Delay, s/veh / LOS 185 | B 139 | B 438 | D 319 | C
Intersection Delay, s/veh / LOS 225 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS | 23 B | 26 B | 30 cC | 28 [
Bicycle LOS Score / LOS | 13 A | 09 A | o7 A | 13 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information iEEEnE.
Agency HDR Duration, h 0.25 . .
Analyst JKM Analysis Date |6/28/2013 Area Type Other » ;
Jurisdiction Sioux Falls, SD Time Period |AM Peak PHF 0.80 ~ —
Intersection Benson Rd & Cliff Ave Analysis Year |2013 Analysis Period |1>7:15 — —
File Name Existing_Benson_Rd_AM.xus

Project Description Existing AM i
Demand Information EB WB NB SB
Approach Movement I L T R | L T R | L T R | L T R
Demand (v), veh/h 94 303 50 63 | 629 | 258 || 113 | 239 | 82 94 | 283 | 138
Signal Information

Cycle, s 107.0 | Reference Phase 2

Offset, s 0__|Reference Point | Begin I'5ccn130 (445 [80 325 |00 0.0 1 2 4
Uncoordinated| Yes | Simult. Gap E/W On [Yelow!3.0 35 3.0 35 0.0 0.0

Force Mode Fixed | Simult. Gap N/S Red

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 5 2 1 6 3 8 7 4
Case Number 1.1 4.0 1.1 4.0 1.1 3.0 1.1 3.0
Phase Duration, s 7.0 50.0 7.0 50.0 12.0 38.0 12.0 38.0
Change Period, (Y+Rc), s 4.0 5.5 4.0 5.5 4.0 5.5 4.0 5.5
Max Allow Headway (MAH), s 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1
Queue Clearance Time (gs), s 5.0 11.7 5.0 34.8 8.2 9.3 71 11.8
Green Extension Time (ge), s 0.0 71 0.0 45 0.0 3.8 0.0 3.7
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 1.00 0.05 1.00 0.55 1.00 0.01 1.00 0.02
Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 5 2 12 1 6 16 3 8 18 7 4 14
Adjusted Flow Rate (v), veh/h 118 | 225 | 217 79 | 583 | 526 | 141 | 299 | 103 118 | 354 | 173
Adjusted Saturation Flow Rate (s), veh/h/In 1617 | 1698 | 1614 | 1617 | 1698 | 1529 | 1664 | 1664 | 1481 || 1664 | 1664 | 1481
Queue Service Time (gs), s 3.0 9.5 9.7 3.0 | 327 | 328 | 6.2 7.3 55 51 8.9 9.8
Cycle Queue Clearance Time (gc), s 3.0 9.5 9.7 3.0 | 32.7 | 328 | 6.2 7.3 5.5 51 8.9 9.8
Green Ratio (g/C) 0.44 | 042 | 0.42 || 0.44 | 0.42 | 0.42 || 0.38 | 0.30 | 0.30 || 0.38 | 0.30 | 0.30
Capacity (c), veh/h 157 | 706 | 671 || 391 | 706 | 636 | 367 | 1011 | 450 || 402 | 1011 | 450
Volume-to-Capacity Ratio (X) 0.7490.318 | 0.323 || 0.201 | 0.825 | 0.827 | 0.385| 0.296 | 0.228 | 0.293 | 0.350 | 0.383
Available Capacity (ca), veh/h 157 | 706 | 671 || 391 | 706 | 636 | 367 | 1011 | 450 || 402 | 1011 | 450
Back of Queue (Q), veh/In (95th percentile) 53 | 69 | 6.7 21 | 190 | 175 ) 47 | 53 3.7 3.8 6.4 6.7
Queue Storage Ratio (RQ) (95th percentile) 0.70 | 0.18 | 0.18 § 0.37 | 0.19 | 0.17 }| 0.41 | 0.14 | 0.38 || 0.49 | 0.16 | 0.57
Uniform Delay (d1), s/veh 339|210 (211182 | 278 | 278 || 23.2 | 285 | 27.9 || 22.7 | 29.0 | 29.4
Incremental Delay (d2), s/veh 275 1.2 1.3 0.8 7.5 8.4 3.0 0.7 1.2 1.8 1.0 2.5
Initial Queue Delay (d3), s/veh 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 | 0.0 0.0 0.0 0.0 0.0
Control Delay (d), s/veh 614 | 22.2 | 224 || 19.0 | 35.3 | 36.2 || 26.3 | 29.2 | 29.0 || 24.5 | 30.0 | 31.8
Level of Service (LOS) E C C B D D C C C C C C
Approach Delay, s/veh / LOS 305 | C 346 | C 284 | C 295 | C
Intersection Delay, s/veh / LOS 31.6 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS I 29 c | 29 cC | 28 cC | 28 [
Bicycle LOS Score / LOS I 09 A | 15 A | 09 A | 10 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information iEEEnE.
Agency HDR Duration, h 0.25 . .
Analyst JKM Analysis Date |Jan 27, 2014 Area Type Other » ;
Jurisdiction Sioux Falls, SD Time Period |PM Peak PHF 0.93 ~ —
Intersection Benson Rd & Cliff Ave Analysis Year |2013 Analysis Period |1>4:30 — —
File Name Existing_Benson_Rd_PM.xus

Project Description Existing PM e ——
Demand Information EB WB NB SB
Approach Movement I L T R | L T R | L T R | L T R
Demand (v), veh/h 120 | 561 135 97 | 327 | 82 104 | 344 | 87 283 | 332

Signal Information

Cycle, s 107.0 | Reference Phase

Offset, s 0__|Reference Point | Begin I'5ccn130 (445 [80 325 |00 0.0 1 2 4
Uncoordinated| Yes | Simult. Gap E/W On [Yelow!3.0 35 3.0 35 0.0 0.0

Force Mode Fixed | Simult. Gap N/S Red

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 5 2 1 6 3 8 7 4
Case Number 1.1 4.0 1.1 4.0 1.1 3.0 1.1 3.0
Phase Duration, s 7.0 50.0 7.0 50.0 12.0 38.0 12.0 38.0
Change Period, (Y+Rc), s 4.0 5.5 4.0 5.5 4.0 5.5 4.0 5.5
Max Allow Headway (MAH), s 4.1 4.0 4.1 4.0 4.1 4.0 41 4.0
Queue Clearance Time (gs), s 5.0 20.5 5.0 11.8 6.8 11.3 10.0 11.0
Green Extension Time (ge), s 0.0 4.6 0.0 4.7 0.0 3.7 0.0 3.7
Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Max Out Probability 1.00 0.04 1.00 0.01 1.00 0.01 1.00 0.01
Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 5 2 12 1 6 16 3 8 18 7 4 14
Adjusted Flow Rate (v), veh/h 129 | 387 | 362 || 104 | 226 | 214 | 112 | 370 94 304 | 357 | 104
Adjusted Saturation Flow Rate (s), veh/h/In 1617 | 1698 | 1584 || 1617 | 1698 | 1581 || 1664 | 1664 | 1481 || 1664 | 1664 | 1481
Queue Service Time (gs), s 3.0 | 184 | 185} 3.0 | 96 | 9.8 48 | 93 5.0 8.0 9.0 5.6
Cycle Queue Clearance Time (gc), s 3.0 | 184 | 185 § 3.0 9.6 9.8 4.8 9.3 5.0 8.0 9.0 5.6
Green Ratio (g/C) 044 | 042 | 0.42 || 044 | 042 | 0.42 |, 0.38 | 0.30 | 0.30 || 0.38 | 0.30 | 0.30
Capacity (c), veh/h 391 | 706 | 659 | 266 | 706 | 658 | 377 | 1011 | 450 § 373 | 1011 | 450
Volume-to-Capacity Ratio (X) 0.330|0.547 | 0.54910.392 | 0.319 | 0.326 || 0.297 | 0.366 | 0.208 || 0.816 | 0.353 | 0.232
Available Capacity (ca), veh/h 391 | 706 | 659 | 266 | 706 | 658 | 377 | 1011 | 450 § 373 | 1011 | 450
Back of Queue (Q), veh/In (95th percentile) 23 | 121 | 116 | 2.1 7.0 | 6.7 36 | 6.8 3.4 9.5 6.5 3.8
Queue Storage Ratio (RQ) (95th percentile) 0.30 | 0.32 | 0.30 j| 0.36 | 0.07 | 0.07 || 0.31 | 0.17 | 0.34 || 1.22 | 0.17 | 0.32
Uniform Delay (d1), s/veh 222 | 236 | 23.7 | 23.8 | 21.0 | 21.1 |} 22.8 | 29.2 | 27.7 || 32.3 | 29.1 | 27.9
Incremental Delay (d2), s/veh 23 | 3.0 | 33 41 1.1 1.2 2.0 1.0 1.0 176 | 1.0 1.2
Initial Queue Delay (d3), s/veh 0.0 | 0.0 | 0.0 0.0 | 0.0 | 0.0 0.0 | 0.0 0.0 0.0 0.0 0.0
Control Delay (d), s/veh 244 | 26.7 | 26.9 || 27.8 | 22.2 | 224 || 24.8 | 30.2 | 28.7 || 49.9 | 30.0 | 29.1
Level of Service (LOS) C C C C C C C C C D C C
Approach Delay, s/veh / LOS 264 | C 233 | C 289 | C 378 | D
Intersection Delay, s/veh / LOS 29.5 C

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS I 29 c | 29 cC | 28 cC | 28 [
Bicycle LOS Score / LOS | 12 A | 09 A | 10 A | 14 A
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FREEWAY WEAVING WORKSHEET Page 1 of 1
FREEWAY WEAVING WORKSHEET
|General Information Site Information
pralys! JKM Freeway/Dir of Travel 1-229 Northbound
gency/Company HDR . . .
\Weaving Segment Location Rice to Benson
Date Performed 12/6/2013 Analvsis Year 2013
Analysis Time Period AM Peak y
Project Description 1-229 MIS
[Inputs
\Weaving configuration One-Sided
\Weaving number of lanes, N 3 ??egen\;lzntr:zii?mum speed. S Freew?g
\Weaving segment length, L 4510ft y , P $TMN
Freeway free-flow speed, FFS 72 mpn [Freeway maximum capacity, Gy, 2400
Terrain type Level
[Conversions to pc/h Under Base Conditions
V (veh/h) PHF Truck (%) RV (%) E; Er fiy fo v (pc/h)
Ve 441 0.80 9 0 15 1.2 0.957 1.00 576
Ve 191 0.80 6 0 15 1.2 0.971 1.00 246
Vir 1456 0.80 6 0 15 1.2 0.971 1.00 1875
ViR 53 0.80 6 0 1.5 1.2 0.971 1.00 68
Vaw 644 = 2646
Viv 2121
VR 0.767
[Configuration Characteristics
Minimum maneuver lanes, N, 2c |Minimum weaving lane changes, LC,,, 246 Ic/h
Interchange density, ID 1.0 int/mi |Weaving lane changes, LC,, 643 Ic/h
Minimum RF lane changes, LC. 11clpc |Non-weaving lane changes, LC,, 1999 Ic/h
Minimum FR lane changes, LC_, Olc/pc |Total lane changes, LC, 2642 Ic/h
Minimum RR lane changes, LCqq Ic/pc [Non-weaving vehicle index, I, 290
Weaving Segment Speed, Density, Level of Service, and Capacity
Weaving segment flow rate, v 2646 veh/h Weaving intensity factor, W 0.148
Weaving segment capacity, c,, 2994 veh/h Weaving segment speed, S 64.9 mph
Weaving segment v/c ratio 0.884 |Average weaving speed, S, 64.6 mph
Weaving segment density, D 14.2 pc/mifln |Average non-weaving speed, Sy, 65.8 mph
Level of Service, LOS B [Maximum weaving length, L, 11111 ft
[Notes
a. Weaving segments longer than the calculated maximum length should be treated as isolated merge and diverge areas using the procedures of
Chapter 13, "Freeway Merge and Diverge Segments".
b. For volumes that exceed the weaving segment capacity, the level of service is "F".
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FREEWAY WEAVING WORKSHEET Page 1 of 1
FREEWAY WEAVING WORKSHEET
|General Information Site Information
pralys! JKM Freeway/Dir of Travel 1-229 Northbound
gency/Company HDR . . .
\Weaving Segment Location Rice to Benson
Date Performed 12/6/2013 Analvsis Year 2013
Analysis Time Period PM Peak y
Project Description 1-229 MIS
[Inputs
\Weaving configuration One-Sided
\Weaving number of lanes, N 3 ??egen\;lzntr:zii?mum speed. S Freew?g
\Weaving segment length, L 4510ft y , P $TMN
Freeway free-flow speed, FFS 72 mpn [Freeway maximum capacity, Gy, 2400
Terrain type Level
[Conversions to pc/h Under Base Conditions
V (veh/h) PHF Truck (%) RV (%) E; Er fiy fp v (pc/h)
Ve 684 0.93 7 0 15 1.2 0.966 1.00 761
Ve 138 0.93 6 0 15 1.2 0.971 1.00 153
Vir 311 0.93 6 0 15 1.2 0.971 1.00 344
ViR 26 0.93 6 0 15 1.2 0.971 1.00 29
Vw 790 = 1244
Viv 497
VR 0.386
[Configuration Characteristics
Minimum maneuver lanes, Ny, 2c |Minimum weaving lane changes, LC,,, 153 Ic/h
Interchange density, ID 1.0 int/mi |Weaving lane changes, LC,, 550 Ic/h
Minimum RF lane changes, LC. 11clpc |Non-weaving lane changes, LC,, 2029 Ic/h
Minimum FR lane changes, LC_, Olc/pc |Total lane changes, LC, 2579 Ichh
Minimum RR lane changes, LCqq lc/pc |Non-weaving vehicle index, 1, 356
Weaving Segment Speed, Density, Level of Service, and Capacity
Weaving segment flow rate, v 1244 veh/h Weaving intensity factor, W 0.145
Weaving segment capacity, c,, 6005 veh/h Weaving segment speed, S 67.2 mph
Weaving segment v/c ratio 0.207 |Average weaving speed, S, 64.8 mph
Weaving segment density, D 6.4 pc/mifln |Average non-weaving speed, Sy, 68.8 mph
Level of Service, LOS A~ [Maximum weaving length, L, 6526 ft
[Notes
a. Weaving segments longer than the calculated maximum length should be treated as isolated merge and diverge areas using the procedures of
Chapter 13, "Freeway Merge and Diverge Segments".
b. For volumes that exceed the weaving segment capacity, the level of service is "F".
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BASIC FREEWAY WORKSHEET

Page 1 of 1

BASIC FREEWAY SEGMENTS WORKSHEET

General Information |Site Information
Analyst JKM Highway/Direction of Travel /-229 Northbound
Agency or Company HDR From/To gzzfgn On-Ramp to Off-
Date Performed 11/19/2013 Jurisdiction Sioux Falls
IAnalysis Time Period AM Peak Analysis Year 2013

Project Description  /-229 MIS

Oper.(LOS) [ | Des.(N) [ |Planning Data

Flow Inputs
\Volume, V 632 veh/h Peak-Hour Factor, PHF 0.80

AADT veh/day %Trucks and Buses, P 8

Peak-Hr Prop. of AADT, K %RVs, Py 0

Peak-Hr Direction Prop, D General Terrain: Level

DDHV = AADT xKx D veh/h Grade % Length mi

Up/Down %

[Calculate Flow Adjustments

f 1.00 Er 1.2

E; 1.5 fiy = VI1+PL(E; - 1) + Pr(Eg - 110.962

Speed Inputs Calc Speed Adj and FFS

Lane Width ft

Rt-Side Lat. Clearance ft f mph
Number of Lanes, N 2 flo mph
Total Ramp Density, TRD ramps/mi | TRD Adjustment mph
FFS (measured) 72.0 mph FFS 720 mph
Base free-flow Speed,

BFFS mph
[LOS and Performance Measures Design (N)

Design (N)
Operational (LOS) Desian LOS
esign

V.= (V or DDHV) / (PHF x N x f, 9

P 411 pc/h/in - |v, = (V or DDHV)/ (PHF x N x f,,

X fp) 1) pc/h/in
S 70.0 mph s P o

: mp
D=v /S 5.9 c/mi/ln
P P D=v_ /S pc/mifin
LOS A P
Required Number of Lanes, N

|[Glossary Factor Location

N - Number of fanes S - Speed Er, - Exhibits 11-10, 11-12 f,y - Exhibit 11-8
V' - Hourly volume D - Density E, - Exhibits 11-10, 11-11, 11-13  f,, - Exhibit 11-9
v, - Flow rate ' FFS - Free-flow speed f - Page 11-18 TRD - Page 11-11
LOS - Level of service BFFS - Base free-flow [P "

speed LOS, S, FFS, V- Exhibits 11-2,

DDHYV - Directional design hour volume 11-3
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BASIC FREEWAY WORKSHEET

Page 1 of 1

BASIC FREEWAY SEGMENTS WORKSHEET

General Information |Site Information
Analyst JKM Highway/Direction of Travel /-229 Northbound
Agency or Company HDR From/To gzzfgn On-Ramp to Off-
Date Performed 11/19/2013 Jurisdiction Sioux Falls
IAnalysis Time Period PM Peak Analysis Year 2013

Project Description  /-229 MIS

Oper.(LOS) [1Des.(N) [[]Planning Data

Flow Inputs
\Volume, V 822 veh/h Peak-Hour Factor, PHF 0.93

AADT veh/day %Trucks and Buses, P 7

Peak-Hr Prop. of AADT, K %RVs, Py 0

Peak-Hr Direction Prop, D General Terrain: Level

DDHV = AADT xKx D veh/h Grade % Length mi

Up/Down %

[Calculate Flow Adjustments

f 1.00 Er 1.2

E; 1.5 fiy = VI1+PL(E; - 1) + Pr(Eg - 110.966

Speed Inputs Calc Speed Adj and FFS

Lane Width ft

Rt-Side Lat. Clearance ft f mph
Number of Lanes, N 2 flo mph
Total Ramp Density, TRD ramps/mi | TRD Adjustment mph
FFS (measured) 72.0 mph FFS 720 mph
Base free-flow Speed,

BFFS mph
[LOS and Performance Measures Design (N)

Design (N)
Operational (LOS) Desian LOS
esign

V.= (V or DDHV) / (PHF x N x f, 9

P 457 pc/h/in - |v, = (V or DDHV)/ (PHF x N x f,,

X fp) 1) pc/h/in
S 70.0 mph s P o

: mp
D=v /S 6.5 c/mi/ln
P P D=v_ /S pc/mifin
LOS A P
Required Number of Lanes, N

|[Glossary Factor Location

N - Number of fanes S - Speed Er, - Exhibits 11-10, 11-12 f,y - Exhibit 11-8
V' - Hourly volume D - Density E, - Exhibits 11-10, 11-11, 11-13  f,, - Exhibit 11-9
v, - Flow rate ' FFS - Free-flow speed f - Page 11-18 TRD - Page 11-11
LOS - Level of service BFFS - Base free-flow [P "

speed LOS, S, FFS, V- Exhibits 11-2,

DDHYV - Directional design hour volume 11-3
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
|General Information Site Information
Analyst JKM Freeway/Dir of Travel [-229 Northbound
IAgency or Company HDR Junction Benson Rd On-Ramp
Date Performed 11/19/2013 Jurisdiction Sioux Falls
Analysis Time Period AM Peak Analysis Year 2013
Project Description  1-229 MIS
Inputs
Upstream Adj Ramp Freeway Number of Lanes, N 2 Downstream Adj
Ramp Number of Lanes, N 1 Ramp
Clyes [lon .
Acceleration Lane Length, L, 1300 [Yes []on
No ] off Deceleration Lane Length L No Coff
Freeway Volume, V. 632
Lop = ft Ramp Volume, Vg 75 Lgoun = ft
V. = veh/h Freeway Free-Flow Speed, S¢¢ 70.0 Vp = veh/h
Ramp Free-Flow Speed, S, 60.0
|Conversion to pc/h Under Base Conditions
v . -

(pclh) (Veh/hn) PHF Terrain %Truck %Rv Ty fp v = V/PHF x f,, x fp
Freeway 632 0.80 Level 9 0 0.957 1.00 826
Ramp 75 0.80 Level 6 0 0.971 1.00 97
UpStream
DownStream

Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vip = Ve (Pey) Vi2 = Ve * (Ve - Vr)Pep
Leq = (Equation 13-6 or 13-7) Leq = (Equation 13-12 or 13-13)
Pen = 1.000 using Equation (Exhibit 13-6) Pep = using Equation (Exhibit 13-7)
12° 826 pc/h 1= pc/h
300 Va4 0 pc/h (Equation 13-14 or 13-17) 30r V0 pc/h (Equation 13-14 or 13-17)
IsVyorV, ., >2700pch? [Jyes [“INo IsVyorV, ., >2700pch? [JYes []No
IsVyorV, ., >1.5" V.2 [Jyes [“INo IsVyorV, ., >15*V,,2 [JYes []No
- pc/h (Equation 13-16, 13-18, or - pc/h (Equation 13-16, 13-18, or
If Yes,\V,,, 13-19) If Yes,V,,, 13-19)
|Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOS F?
Ve Exhibit 13-8
Vo 923 | Exhibit13-8 No  [Vro=Ve-Vr Exhibit 13-8
v Exhibit 13-
R 10
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Vri2 923 Exhibit 13-8| 4600:All No Vio Exhibit 13-8 |
ILevel of Service Determination (if not F) Level of Service Determination (if not F)
D =5.475+0.00734 v 5 +0.0078 V,, - 0.00627 L, Dg =4.252+0.0086 V,, - 0.009 L
Dg = 4.5 (pc/mifln) Dy = (pc/mif/in)
LOS = A (Exhibit 13-2) LOS=  (Exhibit 13-2)
Speed Determination Speed Determination
Mg=  0.175 (Exibit 13-11) D= (Exhibit 13-12)
Sg=  65.1 mph (Exhibit 13-11) Sk=  mph (Exhibit 13-12)
S,=  N/A mph (Exhibit 13-11) Sg=  mph (Exhibit 13-12)
S = 65.1 mph (Exhibit 13-13) S = mph (Exhibit 13-13)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
|General Information Site Information
Analyst JKM Freeway/Dir of Travel [-229 Northbound
IAgency or Company HDR Junction Benson Rd On-Ramp
Date Performed 11/19/2013 Jurisdiction Sioux Falls
Analysis Time Period PM Peak Analysis Year 2013
Project Description  1-229 MIS
Inputs
Upstream Adj Ramp Freeway Number of Lanes, N 2 Downstream Adj
Ramp Number of Lanes, N 1 Ramp
Clyes [lon .
Acceleration Lane Length, L, 1300 [Yes []on
No ] off Deceleration Lane Length L No Coff
Freeway Volume, V. 822
Lop = ft Ramp Volume, Vg 151 Lgoun = ft
V. = veh/h Freeway Free-Flow Speed, S¢¢ 70.0 Vp = veh/h
Ramp Free-Flow Speed, S, 60.0
[Conversion to pc/h Under Base Conditions
v . -

(pclh) (Veh/hn) PHF Terrain %Truck %Rv Ty fp v = V/PHF x f,, x fp
Freeway 822 0.93 Level 9 0 0.957 1.00 924
Ramp 151 0.93 Level 6 0 0.971 1.00 167
UpStream
DownStream

Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vip = Ve (Pey) Vi2 = Ve * (Ve - Vr)Pep
Leq = (Equation 13-6 or 13-7) Leq = (Equation 13-12 or 13-13)
Pen = 1.000 using Equation (Exhibit 13-6) Pep = using Equation (Exhibit 13-7)
12° 924 pc/h 1= pc/h
300 Va4 0 pc/h (Equation 13-14 or 13-17) 30r V0 pc/h (Equation 13-14 or 13-17)
IsVyorV, ., >2700pch? [Jyes [“INo IsVyorV, ., >2700pch? [JYes []No
IsVyorV, ., >1.5" V.2 [Jyes [“INo IsVyorV, ., >15*V,,2 [JYes []No
- pc/h (Equation 13-16, 13-18, or - pc/h (Equation 13-16, 13-18, or
If Yes,\V,,, 13-19) If Yes,V,,, 13-19)
|Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOS F?
Ve Exhibit 13-8
Vo 1001 | Exhibit 13-8 No  [Vro=Ve-Vr Exhibit 13-8
v Exhibit 13-
R 10
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Vri2 1091 Exhibit 13-8| 4600:All No Vio Exhibit 13-8 |
ILevel of Service Determination (if not F) Level of Service Determination (if not F)
D =5.475+0.00734 v 5 +0.0078 V,, - 0.00627 L, Dg =4.252+0.0086 V,, - 0.009 L
Dg = 5.8 (pc/mifin) Dy = (pc/mifin)
LOS = A (Exhibit 13-2) LOS=  (Exhibit 13-2)
Speed Determination Speed Determination
Mg=  0.177 (Exibit 13-11) D= (Exhibit 13-12)
Sg=  65.1 mph (Exhibit 13-11) Sk=  mph (Exhibit 13-12)
S,=  N/A mph (Exhibit 13-11) Sg=  mph (Exhibit 13-12)
S = 65.1 mph (Exhibit 13-13) S = mph (Exhibit 13-13)
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BASIC FREEWAY WORKSHEET Page 1 of 1

BASIC FREEWAY SEGMENTS WORKSHEET

General Information |Site Information
Analyst JKM Highway/Direction of Travel /I-229 Northbound
IAgency or Company HDR From/To Benson On-Ramp to 1-90
Date Performed 11/19/2013 Jurisdiction Sioux Falls
Analysis Time Period AM Peak Analysis Year 2013
Project Description  /1-229 MIS

Oper.(LOS) [1Des.(N) [IPlanning Data
Flow Inputs
\Volume, V 707 veh/h Peak-Hour Factor, PHF 0.80
AADT veh/day %Trucks and Buses, Py 8
Peak-Hr Prop. of AADT, K %RVs, Py 0
Peak-Hr Direction Prop, D General Terrain: Level
DDHV = AADT x Kx D veh/h Grade % Length mi

Up/Down %

[Calculate Flow Adjustments

f 1.00 Er 1.2

E; 1.5 fy = 11+P(E; - 1) + PR(Eg - 1)10.962
Speed Inputs Calc Speed Adj and FFS
Lane Width ft
Rt-Side Lat. Clearance ft f mph
Number of Lanes, N 2 flc mph
Total Ramp Density, TRD ramps/mi | TRD Adjustment mph
EFS (:‘nea?cluredg ; 70.0 mph FFS 70.0 mph

ase free-flow Speed,
BFFS mph
[LOS and Performance Measures Design (N)

Design (N)
Operational (LOS) Desian LOS
ign

v_ = (V or DDHV) / (PHF x N x f,p, esig

P 460 pc/h/In v, = (V or DDHV) / (PHF x N x f,
x ) pr ) pc/h/in
S 70.0 mph s P A

. mp
D=v_ /S 6.6 c/mi/ln
P P D=v_/S pc/mi/ln
LOS A P
Required Number of Lanes, N

|[Glossary Factor Location
N - Number of lanes S - Speed Ex, - Exhibits 11-10, 11-12 f,y - Exhibit 11-8
V' - Hourly volume D - Density E. - Exhibits 11-10, 11-11, 1113 f, . - Exhibit 11-9
v, - Flow rate . FFS - Free-flow speed f - Page 11-18 TRD - Page 11-11
LOS - Level of service BFFS - Base free-flow P o
speed LOS, S, FFS, vy - Exhibits 11-2,

DDHYV - Directional design hour volume 11-3
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BASIC FREEWAY WORKSHEET Page 1 of 1

BASIC FREEWAY SEGMENTS WORKSHEET

General Information |Site Information
Analyst JKM Highway/Direction of Travel /I-229 Northbound
IAgency or Company HDR From/To Benson On-Ramp to 1-90
Date Performed 11/19/2013 Jurisdiction Sioux Falls
Analysis Time Period PM Peak Analysis Year 2013
Project Description  /1-229 MIS

Oper.(LOS) [1Des.(N) [IPlanning Data
Flow Inputs
\Volume, V 973 veh/h Peak-Hour Factor, PHF 0.93
AADT veh/day %Trucks and Buses, Py 8
Peak-Hr Prop. of AADT, K %RVs, Py 0
Peak-Hr Direction Prop, D General Terrain: Level
DDHV = AADT x Kx D veh/h Grade % Length mi

Up/Down %

[Calculate Flow Adjustments

f 1.00 Er 1.2

E; 1.5 fy = 11+P(E; - 1) + PR(Eg - 1)10.962
Speed Inputs Calc Speed Adj and FFS
Lane Width ft
Rt-Side Lat. Clearance ft f mph
Number of Lanes, N 2 flc mph
Total Ramp Density, TRD ramps/mi | TRD Adjustment mph
EFS (:‘nea?cluredg ; 70.0 mph FFS 70.0 mph

ase free-flow Speed,
BFFS mph
[LOS and Performance Measures Design (N)

Design (N)
Operational (LOS) Desian LOS
ign

v_ = (V or DDHV) / (PHF x N x f,p, esig

P 544 pc/h/In v, = (V or DDHV) / (PHF x N x f,
x ) pr ) pc/h/in
S 70.0 mph s P A

. mp
D=v_ /S 7.8 c/mi/ln
P P D=v_/S pc/mi/ln
LOS A P
Required Number of Lanes, N

|[Glossary Factor Location
N - Number of lanes S - Speed Ex, - Exhibits 11-10, 11-12 f,y - Exhibit 11-8
V' - Hourly volume D - Density E. - Exhibits 11-10, 11-11, 1113 f, . - Exhibit 11-9
v, - Flow rate . FFS - Free-flow speed f - Page 11-18 TRD - Page 11-11
LOS - Level of service BFFS - Base free-flow P o
speed LOS, S, FFS, vy - Exhibits 11-2,

DDHYV - Directional design hour volume 11-3
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst GHM Freeway/Dir of Travel [-229 Northbound
Agency or Company HDR Junction [-90 Off-Ramp
Date Performed 10/30/2014 Jurisdiction Sioux Falls
Analysis Time Period AM Peak Analysis Year 2013
Project Description  1-229 MIS
Inputs
Upstream Adj Ramp Freeway Number of Lanes, N 2 Downstream Adj
Ramp Number of Lanes, N 1 Ramp
Llyes [lon Acceleration Lane Length, L, Cyes [Jon
No []off Deceleration Lane Length L 600 No o
Freeway Volume, V¢ 707
Ly = ft Ramp Volume, Vg 311 Laown = ft
V = vehih Freeway Free-Flow Speed, S¢ 70.0 vV, = veh/h
“ Ramp Free-Flow Speed, S, 60.0
Conversion to pc/h Under Base Conditions
v . -
(pcrh) (Vehihr) PHF Terrain %Truck %Rv Ty fp v = V/PHF x f,,,, x fID
Freeway 707 0.80 Level 9 0 0.957 1.00 924
Ramp 311 0.80 Level 9 0 0.957 1.00 406
UpStream
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig = Ve (Pey) Viz = Vr + (Ve - Ve)Prp
Leq = (Equation 13-6 or 13-7) Leq = (Equation 13-12 or 13-13)
Pev = using Equation (Exhibit 13-6) Pep = 1.000 using Equation (Exhibit 13-7)
1= pc/h 1= 924 pc/h
30rVya pc/h (Equation 13-14 or 13-17) 30rV, a 0 pc/h (Equation 13-14 or 13-17)
Is V5 0rV, 4,>2,700 pc/h? [ Yes []No IsVyorV, ,>2700 pch? []Yes No
IsVyorV,2,>15*V,,2 []Yes [1No IsVyorV, . >15*V,2 []Yes [¥INo
- pc/h (Equation 13-16, 13-18, or - pc/h (Equation 13-16, 13-18, or 13-
If Yes,V,,, 13.19) If Yes,Vy,, 19)
Capacity Checks Capacity Checks
Actual Capacity LOSF? Actual Capacity LOSF?
Ve 924 Exhibit 13-8 4800 No
Veo Exhibit 13-8 Veo = Ve - Vi 518 Exhibit 13-8 4800 No
Vg 406 Exhibit 13-10| 2200 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Viiz Exhibit 13-8| Vio 924 Exhibit 13-8 | 4400:All No
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg =5.475+0.00734 v 5 + 0.0078 V, - 0.00627 L, Dg =4.252 +0.0086 V,, - 0.009 L
D = (pc/mifln) Dy = 6.8 (pc/mi/ln)
LOS=  (Exhibit 13-2) LOS= A (Exhibit 13-2)
Speed Determination Speed Determination
M = (Exibit 13-11) D, = 0.140 (Exhibit 13-12)
Sg=  mph (Exhibit 13-11) Sg= 661 mph (Exhibit 13-12)
Sy= mph (Exhibit 13-11) So= N/A mph (Exhibit 13-12)
S = mph (Exhibit 13-13) S = 66.1 mph (Exhibit 13-13)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst GHM Freeway/Dir of Travel [-229 Northbound
Agency or Company HDR Junction [-90 Off-Ramp
Date Performed 10/30/2014 Jurisdiction Sioux Falls
Analysis Time Period PM Peak Analysis Year 2013
Project Description  1-229 MIS
Inputs
Upstream Adj Ramp Freeway Number of Lanes, N 2 Downstream Adj
Ramp Number of Lanes, N 1 Ramp
Clyes [on -
Acceleration Lane Length, LA [Yes Jon
No []off Deceleration Lane Length L 600 No o
Freeway Volume, V¢ 973
Ly = ft Ramp Volume, Vg 456 Laown = ft
V = vehih Freeway Free-Flow Speed, S¢ 70.0 vV, = veh/h
“ Ramp Free-Flow Speed, S, 60.0
Conversion to pc/h Under Base Conditions
v . -
(pcrh) (Vehihr) PHF Terrain %Truck %Rv Ty fp v = V/PHF x f,,,, x fID
Freeway 973 0.93 Level 9 0 0.957 1.00 1093
Ramp 456 0.93 Level 9 0 0.957 1.00 512
UpStream
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig = Ve (Pey) Viz = Vr + (Ve - Ve)Prp
Leq = (Equation 13-6 or 13-7) Leq = (Equation 13-12 or 13-13)
Pev = using Equation (Exhibit 13-6) Pep = 1.000 using Equation (Exhibit 13-7)
127 pc/h 2= 1093 pc/h
30rVya pc/h (Equation 13-14 or 13-17) 30rV, a 0 pc/h (Equation 13-14 or 13-17)
Is V5 0rV, 4,>2,700 pc/h? [ Yes []No IsVyorV, ,>2700 pch? []Yes No
IsVyorV,2,>15*V,,2 []Yes [1No IsVyorV, . >15*V,2 []Yes [¥INo
- pc/h (Equation 13-16, 13-18, or - pc/h (Equation 13-16, 13-18, or 13-
If Yes,V,,, 13.19) If Yes,Vy,, 19)
Capacity Checks Capacity Checks
Actual Capacity LOSF? Actual Capacity LOSF?
Ve 1093 Exhibit 13-8 4800 No
Veo Exhibit 13-8 Veo = Ve - Vi 581 Exhibit 13-8 4800 No
Vg 512 Exhibit 13-10| 2200 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Viiz Exhibit 13-8| Vio 1093 Exhibit 13-8 | 4400:All No
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg =5.475+0.00734 v 5 + 0.0078 V, - 0.00627 L, Dg =4.252 +0.0086 V,, - 0.009 L
D = (pc/mifln) Dy = 8.3 (pc/mi/ln)
LOS=  (Exhibit 13-2) LOS= A (Exhibit 13-2)
Speed Determination Speed Determination
Mg = (Exibit 13-11) D, = 0.149 (Exhibit 13-12)
Sg=  mph (Exhibit 13-11) Sg= 658 mph (Exhibit 13-12)
Sy= mph (Exhibit 13-11) So= N/A mph (Exhibit 13-12)
S = mph (Exhibit 13-13) S = 65.8 mph (Exhibit 13-13)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
|General Information Site Information
Analyst GHM Freeway/Dir of Travel [-229 Southbound
IAgency or Company HDR Junction [-90 On-Ramp
Date Performed 10/30/2014 Jurisdiction Sioux Falls
Analysis Time Period AM Peak Analysis Year 2013
Project Description  1-229 MIS
Inputs
Upstream Adj Ramp Freeway Number of Lanes, N 2 Downstream Adj
Ramp Number of Lanes, N 1 Ramp
Clyes [lon .
Acceleration Lane Length, L, 950 [Yes []on
No ] off Deceleration Lane Length L No Coff
Freeway Volume, V. 671
Lop = ft Ramp Volume, Vg 369 Lgoun = ft
V. = veh/h Freeway Free-Flow Speed, S¢¢ 69.0 Vp = veh/h
Ramp Free-Flow Speed, S, 59.0
|Conversion to pc/h Under Base Conditions
v . -

(pclh) (Veh/hn) PHF Terrain %Truck %Rv Ty fp v = V/PHF x f,, x fp
Freeway 671 0.80 Level 8 0 0.962 1.00 872
Ramp 369 0.80 Level 8 0 0.962 1.00 480
UpStream
DownStream

Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vip = Ve (Pey) Vi2 = Ve * (Ve - Vr)Pep
Leq = (Equation 13-6 or 13-7) Leq = (Equation 13-12 or 13-13)
Pen = 1.000 using Equation (Exhibit 13-6) Pep = using Equation (Exhibit 13-7)
12° 872 pc/h 1= pc/h
300 Va4 0 pc/h (Equation 13-14 or 13-17) 30r V0 pc/h (Equation 13-14 or 13-17)
IsVyorV, ., >2700pch? [Jyes [“INo IsVyorV, ., >2700pch? [JYes []No
IsVyorV, ., >1.5" V.2 [Jyes [“INo IsVyorV, ., >15*V,,2 [JYes []No
- pc/h (Equation 13-16, 13-18, or - pc/h (Equation 13-16, 13-18, or
If Yes,\V,,, 13-19) If Yes,V,,, 13-19)
|Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOS F?
Ve Exhibit 13-8
Vo 1352 | Exhibit 138 No  [Vro=Ve-Vr Exhibit 13-8
v Exhibit 13-
R 10
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Vri2 1352 Exhibit 13-8| 4600:All No Vio Exhibit 13-8 |
ILevel of Service Determination (if not F) Level of Service Determination (if not F)
D =5.475+0.00734 v 5 +0.0078 V,, - 0.00627 L, Dg =4.252+0.0086 V,, - 0.009 L
Dg = 9.8 (pc/mifin) Dy = (pc/mifin)
LOS = A (Exhibit 13-2) LOS=  (Exhibit 13-2)
Speed Determination Speed Determination
Mg = 0.224 (Exibit 13-11) D= (Exhibit 13-12)
Se=  63.0 mph (Exhibit 13-11) Sk=  mph (Exhibit 13-12)
S,=  N/A mph (Exhibit 13-11) Sg=  mph (Exhibit 13-12)
S = 63.0 mph (Exhibit 13-13) S = mph (Exhibit 13-13)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
|General Information Site Information
Analyst GHM Freeway/Dir of Travel [-229 Southbound
IAgency or Company HDR Junction [-90 On-Ramp
Date Performed 10/30/2014 Jurisdiction Sioux Falls
Analysis Time Period PM Peak Analysis Year 2013
Project Description  1-229 MIS
Inputs
Upstream Adj Ramp Freeway Number of Lanes, N 2 Downstream Adj
Ramp Number of Lanes, N 1 Ramp
Clyes [lon .
Acceleration Lane Length, L, 950 [Yes []on
No ] off Deceleration Lane Length L No Coff
Freeway Volume, V. 438
Lop = ft Ramp Volume, Vg 447 Lgoun = ft
V. = veh/h Freeway Free-Flow Speed, S¢¢ 69.0 Vp = veh/h
Ramp Free-Flow Speed, S, 59.0
|Conversion to pc/h Under Base Conditions
v . -

(pclh) (Veh/hn) PHF Terrain %Truck %Rv Ty fp v = V/PHF x f,, x fp
Freeway 438 0.93 Level 8 0 0.962 1.00 490
Ramp 447 0.93 Level 8 0 0.962 1.00 500
UpStream
DownStream

Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vip = Ve (Pey) Vi2 = Ve * (Ve - Vr)Pep
Leq = (Equation 13-6 or 13-7) Leq = (Equation 13-12 or 13-13)
Pen = 1.000 using Equation (Exhibit 13-6) Pep = using Equation (Exhibit 13-7)
12° 490 pc/h 1= pc/h
300 Va4 0 pc/h (Equation 13-14 or 13-17) 30r V0 pc/h (Equation 13-14 or 13-17)
IsVyorV, ., >2700pch? [Jyes [“INo IsVyorV, ., >2700pch? [JYes []No
IsVyorV, ., >1.5" V.2 [Jyes [“INo IsVyorV, ., >15*V,,2 [JYes []No
- pc/h (Equation 13-16, 13-18, or - pc/h (Equation 13-16, 13-18, or
If Yes,\V,,, 13-19) If Yes,V,,, 13-19)
|Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOS F?
Ve Exhibit 13-8
Vo 990 |Exhibit13-8 No  [Vro=Ve-Vr Exhibit 13-8
v Exhibit 13-
R 10
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Vri2 990 Exhibit 13-8| 4600:All No Vio Exhibit 13-8 |
ILevel of Service Determination (if not F) Level of Service Determination (if not F)
D =5.475+0.00734 v 5 +0.0078 V,, - 0.00627 L, Dg =4.252+0.0086 V,, - 0.009 L
Dg = 7.0 (pc/mifin) Dy = (pc/mifin)
LOS = A (Exhibit 13-2) LOS=  (Exhibit 13-2)
Speed Determination Speed Determination
Mg=  0.219 (Exibit 13-11) D= (Exhibit 13-12)
Se=  63.1 mph (Exhibit 13-11) Sk=  mph (Exhibit 13-12)
S,=  N/A mph (Exhibit 13-11) Sg=  mph (Exhibit 13-12)
S = 63.1 mph (Exhibit 13-13) S = mph (Exhibit 13-13)
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BASIC FREEWAY WORKSHEET Page 1 of 1

BASIC FREEWAY SEGMENTS WORKSHEET

General Information |Site Information
Analyst JKM Highway/Direction of Travel /[-229 Southbound
IAgency or Company HDR From/To 1-90 to Benson Off-Ramp
Date Performed 11/19/2013 Jurisdiction Sioux Falls
Analysis Time Period AM Peak Analysis Year 2013
Project Description  /1-229 MIS

Oper.(LOS) [1Des.(N) [IPlanning Data
Flow Inputs
\Volume, V 1040 veh/h Peak-Hour Factor, PHF 0.80
AADT veh/day %Trucks and Buses, P 8
Peak-Hr Prop. of AADT, K %RVs, Py 0
Peak-Hr Direction Prop, D General Terrain: Level
DDHV = AADT x Kx D veh/h Grade % Length mi

Up/Down %

[Calculate Flow Adjustments

fp 1.00 Er 1.2
E; 1.5 fy = 11+P(E; - 1) + PR(Eg - 1)10.962
Speed Inputs Calc Speed Adj and FFS
Lane Width ft
Rt-Side Lat. Clearance ft f mph
Number of Lanes, N 2 flc mph
Total Ramp Density, TRD ramps/mi | TRD Adjustment mph
FFS (measured) 69.0 mph FFS 69.0 mph
Base free-flow Speed,
BFFS mph
[LOS and Performance Measures Design (N)
Design (N)
Operational (LOS) Desian LOS
ign
v_= (V or DDHV) / (PHF x N x ., esig
P 676 pc/h/In v, = (V or DDHV) / (PHF x N x f,
x ) pr ) pc/h/in
S 70.0 mph s P h
. mp
D=v_ /S 9.7 c/mi/ln
P P D=v /S pc/mifin
LOS A P
Required Number of Lanes, N
|[Glossary Factor Location
N - Number of lanes S - Speed Ex, - Exhibits 11-10, 11-12 f,y - Exhibit 11-8
V' - Hourly volume D - Density E. - Exhibits 11-10, 11-11, 1113 f, . - Exhibit 11-9
v, - Flow rate . FFS - Free-flow speed f - Page 11-18 TRD - Page 11-11
LOS - Level of service BFFS - Base free-flow P o
speed LOS, S, FFS, v_ - Exhibits 11-2,
p
DDHYV - Directional design hour volume 11-3
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BASIC FREEWAY WORKSHEET Page 1 of 1

BASIC FREEWAY SEGMENTS WORKSHEET

General Information |Site Information
Analyst JKM Highway/Direction of Travel /[-229 Southbound
IAgency or Company HDR From/To 1-90 to Benson Off-Ramp
Date Performed 11/19/2013 Jurisdiction Sioux Falls
Analysis Time Period PM Peak Analysis Year 2013
Project Description  /1-229 MIS

Oper.(LOS) [1Des.(N) [IPlanning Data
Flow Inputs
\Volume, V 885 veh/h Peak-Hour Factor, PHF 0.93
AADT veh/day %Trucks and Buses, P 8
Peak-Hr Prop. of AADT, K %RVs, Py 0
Peak-Hr Direction Prop, D General Terrain: Level
DDHV = AADT x Kx D veh/h Grade % Length mi

Up/Down %

[Calculate Flow Adjustments

f 1.00 Er 1.2

E; 1.5 fy = 11+P(E; - 1) + PR(Eg - 1)10.962
Speed Inputs Calc Speed Adj and FFS
Lane Width ft
Rt-Side Lat. Clearance ft f mph
Number of Lanes, N 2 flc mph
Total Ramp Density, TRD ramps/mi | TRD Adjustment mph
EFS (:‘nea?cluredg ; 69.0 mph FFS 69.0 mph

ase free-flow Speed,
BFFS mph
[LOS and Performance Measures Design (N)

Design (N)
Operational (LOS) Desian LOS
ign

v_ = (V or DDHV) / (PHF x N x f,p, esig

P 495 pc/h/In v, = (V or DDHV) / (PHF x N x f,
x ) pr ) pc/h/in
S 70.0 mph s P A

. mp
D=v_ /S 7.1 c/mi/ln
P P D=v_/S pc/mi/ln
LOS A P
Required Number of Lanes, N

|[Glossary Factor Location
N - Number of lanes S - Speed Ex, - Exhibits 11-10, 11-12 f,y - Exhibit 11-8
V' - Hourly volume D - Density E. - Exhibits 11-10, 11-11, 1113 f, . - Exhibit 11-9
v, - Flow rate . FFS - Free-flow speed f - Page 11-18 TRD - Page 11-11
LOS - Level of service BFFS - Base free-flow P o
speed LOS, S, FFS, vy - Exhibits 11-2,

DDHYV - Directional design hour volume 11-3
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst JKM Freeway/Dir of Travel [-229 Southbound
Agency or Company HDR Junction Benson Rd Off-Ramp
Date Performed 11/19/2013 Jurisdiction Sioux Falls
Analysis Time Period AM Peak Analysis Year 2013
Project Description  1-229 MIS
Inputs
Upstream Adj Ramp Freeway Number of Lanes, N 2 Downstream Adj
Ramp Number of Lanes, N 1 Ramp
Llyes [lon Acceleration Lane Length, L, Cyes [Jon
No []off Deceleration Lane Length L 275 No o
Freeway Volume, V¢ 1040
Ly = ft Ramp Volume, Vg 113 Laown = ft
V = vehih Freeway Free-Flow Speed, S¢ 69.0 vV, = veh/h
“ Ramp Free-Flow Speed, S, 59.0
Conversion to pc/h Under Base Conditions
v . -
(pcrh) (Vehihr) PHF Terrain %Truck %Rv Ty fp v = V/PHF x f,,,, x fID
Freeway 1040 0.80 Level 8 0 0.962 1.00 1352
Ramp 113 0.80 Level 6 0 0.971 1.00 145
UpStream
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig = Ve (Pey) Viz = Vr + (Ve - Ve)Prp
Leq = (Equation 13-6 or 13-7) Leq = (Equation 13-12 or 13-13)
Pev = using Equation (Exhibit 13-6) Pep = 1.000 using Equation (Exhibit 13-7)
1= pc/h 1= 1352 pc/h
30rVya pc/h (Equation 13-14 or 13-17) 30rV, a 0 pc/h (Equation 13-14 or 13-17)
Is V5 0rV, 4,>2,700 pc/h? [ Yes []No IsVyorV, ,>2700 pch? []Yes No
IsVyorV,2,>15*V,,2 []Yes [1No IsVyorV, . >15*V,2 []Yes [¥INo
- pc/h (Equation 13-16, 13-18, or - pc/h (Equation 13-16, 13-18, or 13-
If Yes,V,,, 13.19) If Yes,Vy,, 19)
Capacity Checks Capacity Checks
Actual Capacity LOSF? Actual Capacity LOSF?
Ve 1352 Exhibit 13-8 4780 No
Veo Exhibit 13-8 Veg =Ve-Vg| 1207 Exhibit 13-8 4780 No
Vr 145 Exhibit 13-10| 2200 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Viiz Exhibit 13-8| Vio 1352 Exhibit 13-8 | 4400:All No
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg =5.475+0.00734 v 5 + 0.0078 V, - 0.00627 L, Dg =4.252 +0.0086 V,, - 0.009 L
Dr = (pc/mifln) Dg = 13.4 (pc/mi/ln)
LOS=  (Exhibit 13-2) LOS= B (Exhibit 13-2)
Speed Determination Speed Determination
M = (Exibit 13-11) D, = 0.129 (Exhibit 13-12)
Sg=  mph (Exhibit 13-11) Sg= 655 mph (Exhibit 13-12)
Sy= mph (Exhibit 13-11) So= N/A mph (Exhibit 13-12)
S = mph (Exhibit 13-13) S = 65.5 mph (Exhibit 13-13)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst JKM Freeway/Dir of Travel [-229 Southbound
Agency or Company HDR Junction Benson Rd Off-Ramp
Date Performed 11/19/2013 Jurisdiction Sioux Falls
Analysis Time Period PM Peak Analysis Year 2013
Project Description  1-229 MIS
Inputs
Upstream Adj Ramp Freeway Number of Lanes, N 2 Downstream Adj
Ramp Number of Lanes, N 1 Ramp
Llyes [lon Acceleration Lane Length, L, Cyes [Jon
No []off Deceleration Lane Length L 275 No o
Freeway Volume, V¢ 885
L= ft Ramp Volume, Vi 72 Laoun = ft
V = vehih Freeway Free-Flow Speed, S¢ 69.0 vV, = veh/h
“ Ramp Free-Flow Speed, S, 59.0
Conversion to pc/h Under Base Conditions
v . -
(pcrh) (Vehihr) PHF Terrain %Truck %Rv Ty fp v = V/PHF x f,,,, x fID
Freeway 885 0.93 Level 8 0 0.962 1.00 990
Ramp 72 0.93 Level 6 0 0.971 1.00 80
UpStream
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig = Ve (Pey) Viz = Vr + (Ve - Ve)Prp
Leq = (Equation 13-6 or 13-7) Leq = (Equation 13-12 or 13-13)
Pev = using Equation (Exhibit 13-6) Pep = 1.000 using Equation (Exhibit 13-7)
1= pc/h 1= 990 pc/h
30rVya pc/h (Equation 13-14 or 13-17) 30rV, a 0 pc/h (Equation 13-14 or 13-17)
Is V5 0rV, 4,>2,700 pc/h? [ Yes []No IsVyorV, ,>2700 pch? []Yes No
IsVyorV,2,>15*V,,2 []Yes [1No IsVyorV, . >15*V,2 []Yes [¥INo
- pc/h (Equation 13-16, 13-18, or - pc/h (Equation 13-16, 13-18, or 13-
If Yes,V,,, 13.19) If Yes,Vy,, 19)
Capacity Checks Capacity Checks
Actual Capacity LOSF? Actual Capacity LOSF?
Ve 990 Exhibit 13-8 4780 No
Veo Exhibit 13-8 Veo = Ve - Vi 910 Exhibit 13-8 4780 No
Vr 80 Exhibit 13-10| 2200 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Viiz Exhibit 13-8| Vio 990 Exhibit 13-8 | 4400:All No
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg =5.475+0.00734 v 5 + 0.0078 V, - 0.00627 L, Dg =4.252 +0.0086 V,, - 0.009 L
D = (pc/mifln) Dy = 10.3 (pc/mi/ln)
LOS=  (Exhibit 13-2) LOS= B (Exhibit 13-2)
Speed Determination Speed Determination
M = (Exibit 13-11) D, = 0.123 (Exhibit 13-12)
Sg=  mph (Exhibit 13-11) Sg= 657 mph (Exhibit 13-12)
Sy= mph (Exhibit 13-11) So= N/A mph (Exhibit 13-12)
S = mph (Exhibit 13-13) S = 65.7 mph (Exhibit 13-13)
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BASIC FREEWAY WORKSHEET

Page 1 of 1

BASIC FREEWAY SEGMENTS WORKSHEET

General Information |Site Information
Analyst JKM Highway/Direction of Travel /-229 Southbound
Agency or Company HDR From/To g‘;’;f:n Off-Ramp to On-
Date Performed 11/19/2013 Jurisdiction Sioux Falls
IAnalysis Time Period AM Peak Analysis Year 2013

Project Description  /-229 MIS

Oper.(LOS) [1Des.(N) [[]Planning Data

Flow Inputs
\Volume, V 927 veh/h Peak-Hour Factor, PHF 0.80

AADT veh/day %Trucks and Buses, P 9

Peak-Hr Prop. of AADT, K %RVs, Py 0

Peak-Hr Direction Prop, D General Terrain: Level

DDHV = AADT xKx D veh/h Grade % Length mi

Up/Down %

[Calculate Flow Adjustments

f 1.00 Er 1.2

E; 1.5 fiy = VI1+P(E1 - 1) + Pr(Eg - 110.957

Speed Inputs Calc Speed Adj and FFS

Lane Width ft

Rt-Side Lat. Clearance ft f mph
Number of Lanes, N 2 flo mph
Total Ramp Density, TRD ramps/mi | TRD Adjustment mph
FFS (measured) 68.0 mph FFS 68.0 mph
Base free-flow Speed,

BFFS mph
[LOS and Performance Measures Design (N)

Design (N)
Operational (LOS) Desian LOS
esign

V.= (V or DDHV) / (PHF x N x f, 9

P 605 pc/h/in - v, = (V or DDHV) / (PHF x N x f,,

x f)) pr ) pc/h/in
S 70.0 mph s P o

: mp
D=v /S 8.6 c/mi/ln
P P D=v_ /S pc/mifin
LOS A P
Required Number of Lanes, N

|[Glossary Factor Location

N - Number of fanes S - Speed Er, - Exhibits 11-10, 11-12 f,y - Exhibit 11-8
V' - Hourly volume D - Density E, - Exhibits 11-10, 11-11, 11-13  f,, - Exhibit 11-9
v, - Flow rate ' FFS - Free-flow speed f - Page 11-18 TRD - Page 11-11
LOS - Level of service BFFS - Base free-flow [P "

speed LOS, S, FFS, V- Exhibits 11-2,

DDHYV - Directional design hour volume 11-3

Copyright © 2013 University of Florida, All Rights Reserved

HCS 2010™  Version 6.50

file:///C:/Users/gmenard/AppData/Local/Temp/f2k82 A3 .tmp

Generated: 1/10/2017

11:34 AM

1/10/2017



BASIC FREEWAY WORKSHEET

Page 1 of 1

BASIC FREEWAY SEGMENTS WORKSHEET

General Information |Site Information
Analyst JKM Highway/Direction of Travel /-229 Southbound
Agency or Company HDR From/To g‘;’;f:n Off-Ramp to On-
Date Performed 11/19/2013 Jurisdiction Sioux Falls
IAnalysis Time Period PM Peak Analysis Year 2013

Project Description  /-229 MIS

Oper.(LOS) [1Des.(N) [[]Planning Data

Flow Inputs
\Volume, V 813 veh/h Peak-Hour Factor, PHF 0.93

AADT veh/day %Trucks and Buses, P 9

Peak-Hr Prop. of AADT, K %RVs, Py 0

Peak-Hr Direction Prop, D General Terrain: Level

DDHV = AADT xKx D veh/h Grade % Length mi

Up/Down %

[Calculate Flow Adjustments

f 1.00 Er 1.2

E; 1.5 fiy = VI1+P(E1 - 1) + Pr(Eg - 110.957

Speed Inputs Calc Speed Adj and FFS

Lane Width ft

Rt-Side Lat. Clearance ft f mph
Number of Lanes, N 2 flo mph
Total Ramp Density, TRD ramps/mi | TRD Adjustment mph
FFS (measured) 68.0 mph FFS 68.0 mph
Base free-flow Speed,

BFFS mph
[LOS and Performance Measures Design (N)

Design (N)
Operational (LOS) Desian LOS
esign

V.= (V or DDHV) / (PHF x N x f, 9

P 457 pc/h/in - v, = (V or DDHV) / (PHF x N x f,,

x f)) pr ) pc/h/in
S 70.0 mph s P o

: mp
D=v /S 6.5 c/mi/ln
P P D=v_ /S pc/mifin
LOS A P
Required Number of Lanes, N

|[Glossary Factor Location

N - Number of fanes S - Speed Er, - Exhibits 11-10, 11-12 f,y - Exhibit 11-8
V' - Hourly volume D - Density E, - Exhibits 11-10, 11-11, 11-13  f,, - Exhibit 11-9
v, - Flow rate ' FFS - Free-flow speed f - Page 11-18 TRD - Page 11-11
LOS - Level of service BFFS - Base free-flow [P "

speed LOS, S, FFS, V- Exhibits 11-2,

DDHYV - Directional design hour volume 11-3
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FREEWAY WEAVING WORKSHEET Page 1 of 1
FREEWAY WEAVING WORKSHEET
|General Information Site Information
pralys! JKM Freeway/Dir of Travel 1-229 Southbound
gency/Company HDR . . .
\Weaving Segment Location Benson to Rice
Date Performed 12/10/2013 Analvsis Year 2013
Analysis Time Period AM Peak y
Project Description 1-229 MIS
[Inputs
\Weaving configuration One-Sided
\Weaving number of lanes, N 3 ??egen\;lzntr:zii?mum speed. S Freew?g
\Weaving segment length, L 5670ft y , P $TMN
Freeway free-flow speed, FFS 68 mph | reeway maximum capacity, Cye, 2400
Terrain type Level
[Conversions to pc/h Under Base Conditions
V (veh/h) PHF Truck (%) RV (%) E; Er fiy fo v (pc/h)
Ve 799 0.80 7 0 15 1.2 0.966 1.00 1034
Ve 298 0.80 6 0 15 1.2 0.971 1.00 384
Vir 128 0.80 6 0 15 1.2 0.971 1.00 165
ViR 10 0.80 6 0 1.5 1.2 0.971 1.00 13
Vaw 1047 = 1543
Viv 549
VR 0.344
[Configuration Characteristics
Minimum maneuver lanes, N, 2c |Minimum weaving lane changes, LC,,, 549 Ic/h
Interchange density, ID 1.0 int/mi |Weaving lane changes, LC,, 997 Ic/h
Minimum RF lane changes, LC. 11clpc |Non-weaving lane changes, LC,, 2711 Ic/hh
Minimum FR lane changes, LC_, Tlc/pc |Total lane changes, LC, 3708 Ic/h
Minimum RR lane changes, LCqq Ic/pc [Non-weaving vehicle index, I, 594
Weaving Segment Speed, Density, Level of Service, and Capacity
Weaving segment flow rate, v 1543 veh/h Weaving intensity factor, W 0.162
Weaving segment capacity, c,, 6741 veh/h Weaving segment speed, S 61.2 mph
Weaving segment v/c ratio 0.229 |Average weaving speed, S, 60.6 mph
Weaving segment density, D 8.7 pc/mifln |Average non-weaving speed, Sy, 61.5 mph
Level of Service, LOS A~ [Maximum weaving length, L, 6061 ft
[Notes
a. Weaving segments longer than the calculated maximum length should be treated as isolated merge and diverge areas using the procedures of
Chapter 13, "Freeway Merge and Diverge Segments".
b. For volumes that exceed the weaving segment capacity, the level of service is "F".
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FREEWAY WEAVING WORKSHEET Page 1 of 1
FREEWAY WEAVING WORKSHEET
|General Information Site Information
pralys! JKM Freeway/Dir of Travel 1-229 Southbound
gency/Company HDR . . .
\Weaving Segment Location Benson to Rice
Date Performed 12/10/2013 Analvsis Year 2013
Analysis Time Period PM Peak y
Project Description 1-229 MIS
[Inputs
\Weaving configuration One-Sided
\Weaving number of lanes, N 3 ??egen\;lzntr:zii?mum speed. S Freew?g
\Weaving segment length, L 5670ft y , P $TMN
Freeway free-flow speed, FFS 68 mph Freevyay maximum capactty, Cie, 2400
Terrain type Level
[Conversions to pc/h Under Base Conditions
V (veh/h) PHF Truck (%) RV (%) E; Er fiy fo v (pc/h)
Ve 583 0.93 9 0 15 1.2 0.957 1.00 655
Ve 1231 0.93 6 0 15 1.2 0.971 1.00 1363
Vir 230 0.93 6 0 15 1.2 0.971 1.00 255
ViR 10 0.93 6 0 1.5 1.2 0.971 1.00 1
Vaw 666 = 2186
Viv 1618
VR 0.708
[Configuration Characteristics
Minimum maneuver lanes, Ny, 2c |Minimum weaving lane changes, LC,,, 1618 Ic/h
Interchange density, ID 1.0 int/mi |Weaving lane changes, LC,, 2066 Ic/h
Minimum RF lane changes, LC. 11clpc |Non-weaving lane changes, LC,, 2633 Ic/h
Minimum FR lane changes, LC_, Tlc/pc |Total lane changes, LC, 4699 Ic/h
Minimum RR lane changes, LCqq Ic/pc [Non-weaving vehicle index, 1, 378
Weaving Segment Speed, Density, Level of Service, and Capacity
Weaving segment flow rate, v 2186 veh/h Weaving intensity factor, W 0.195
Weaving segment capacity, c,, 3242 veh/h Weaving segment speed, S 57.2 mph
Weaving segment v/c ratio 0.674 |Average weaving speed, S, 59.4 mph
Weaving segment density, D 13.3 pc/mifln |Average non-weaving speed, Sy, 52.7 mph
Level of Service, LOS B [Maximum weaving length, L, 10362 ft
[Notes
a. Weaving segments longer than the calculated maximum length should be treated as isolated merge and diverge areas using the procedures of
Chapter 13, "Freeway Merge and Diverge Segments".
b. For volumes that exceed the weaving segment capacity, the level of service is "F".
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APPENDIX C. 2035 NO-BUILD AND BUILD
OPERATIONAL ANALYSIS TECHNICAL MEMORANDUM

Year 2035 Sub-Study 4 No Build conditions operational analysis included the analysis of 4
signalized intersections, 3 unsignalized intersections, 4 basic freeway segments, 2 weave
segments, 2 merge areas, and 2 diverge areas. All locations were analyzed for the AM peak
hour and PM peak hour, based on traffic forecasting procedures utilizing output from the Sioux
Falls MPO Sioux Falls travel demand model in Cube Voyager.

The 2035 No-Build volumes are based on the MPO’s future travel demand model, reflective of
fiscally constrained planned projects included in the 2035 Long Range Transportation Plan
(LRTP). The No-Build condition for this study also includes geometric modifications associated
with the 1-229 Exit 5 (26" Street) proposed improvements. The LRTP includes capacity-related
roadway segment improvements at a high-level, and does not include intersection-level
geometrics associated with the improvements. Thus, intersection-level geometrics were
assumed for the No-Build condition where necessary in order to capture planned development
in the study area.

No-Build “Worst Case” Analysis Results

During the 2035 no-build analysis, the Highway Capacity Software (HCS) 2010 identified
capacity constraints at upstream intersections that limited traffic that would get to downstream
intersections along a given corridor. In an effort to provide a conservative estimate of future no-
build traffic operations, a procedure was devised to ensure that each study area intersection
received the full projected demand. After meetings with the Study Advisory Team (SAT) and
Federal Highway Administration (FHWA), it was decided that some of the no-build analysis
results may indicate higher projected delays than will actually be realized because not all
capacity constraints may be eliminated at upstream intersections as assumed in the analysis.
For instance, a roadway may have a future demand that warrants additional capacity, but if the
hurdles to adding that capacity are insurmountable, then the roadway would not be widened and
continue to meter traffic to downstream intersections. As the no-build traffic analysis results
potentially error on the side of higher traffic demand at all study area intersections, that analysis
has been named the “Worst Case” scenario.

2010 Highway Capacity Software (HCS 2010) from McTrans was used to conduct no-build
traffic operations analysis, in a similar fashion to the existing conditions traffic operations
analysis. Common practice for no-build analysis dictates that the geometry of the subject
intersection is analyzed under the future projected traffic demand without modifications to
geometry such that any anticipated deficiencies in the no-build condition may be identified. One
difficulty in maintaining this practice is the software’s treatment of adjacent intersections in a
connected manner, such that if an upstream intersection has a failing movement (movement
demand / movement capacity > 1.0) then the demand beyond the capacity threshold is not
perpetuated to the downstream intersections. While this operation in the programming of the
HCS 2010 software has benefits when conducting a multi-period analysis, the software does not
provide a built-in feature to bypass this part of the computations. This results in a situation
where intersections downstream of intersections with failing movements only experience a
portion of the projected demand. In order to allow each intersection to fully reach its projected
demand, the project team developed a method for isolating the traffic operations for groups of



intersections that could all be analyzed in a single HCS 2010 file while still receiving all
projected demand. This method is as follows:

1.

10.

11.

12.

Develop a master file for the corridor of interest, including all study intersections along
the corridor. Master street files were developed sequentially from South to North and
West to East.

Starting at the southernmost or westernmost intersection, check to see if the southbound
or westbound projected demand is fully received at the intersection.

If the full demand is not received, then separate the southernmost or westernmost
intersection out as its own group (called “Group 1”) by making multiple copies of the
master corridor file. All intersections not in “Group 1” are currently in “Group 2”.

Open the HCS file for “Group 1” and make necessary changes to non-“Group 1”
intersections to get all projected demand to reach all “Group 1” intersections.

Report the LOS for the southernmost or westernmost intersection from the “Group 1”
HCS file.

Open the HCS file for “Group 2”.

Check the first “Group 2” intersection (southernmost or westernmost intersection in the
group) to see if both major approaches to the subject intersection receive all projected
demand.

If all northbound or eastbound projected demand is not received at the first “Group 2”
intersection, then make necessary changes to the “Group 1” intersection to allow all
projected demand to reach the first “Group 2” intersection.

If all southbound or eastbound projected demand is not received at the first “Group 2”
intersection, then call that intersection “Group 2” and all intersections to the north or east
of the intersection as “Group 3”.

Both conditions from Step 8 and Step 9 may exist at any intersection internal to the
corridor.

Repeat the process until a set number of groups is established (maximum number of
groups is the number of intersections along the corridor) where each group only contains
intersections that receive their full projected demand.

Report LOS results from the group file to which the intersection of interest belongs.

Upon applying the method to isolated groups of intersections, intersection LOS was reported for
the condition where the no-build geometry at each intersection experienced the full projected
demand from the 2035 AM and PM peak hour volume sets, even though adjacent intersections
under no-build conditions may not have sufficient capacity to convey all projected demand.

This Year 2035 conditions analysis found that ramp terminal intersections and arterials show the
LOS at a number of key intersections has degraded beyond the acceptable threshold of LOS D.

TABLE 1 highlights intersections that do not meet the project specific LOS thresholds.



Table 1. 2035 No-Build Conditions “Worst Case” Deficient Intersections based on
Operational Analysis Results

LOCATION

Potsdam Avenue & Benson Road- Worst stop-controlled approach LOS

I-229 SB & Benson Road Ramp Terminal- Worst stop-controlled approach LOS

I-229 NB & Benson Road Ramp Terminal

Sycamore Avenue & Benson Road- Worst stop-controlled approach LOS

Note: Acceptable Threshold is LOS D for intersections, and LOS C for freeway and ramps.

No-Build “Best Case” Analysis Results

In addition to the “Worst Case” scenario, the SAT and FHWA commissioned HDR to perform a
variation of the no-build traffic analysis where no capacity constraints were removed from the
study area. As this scenario may potentially error on the side of lower traffic demand, and thus
lower delay, this new variation on the no-build traffic analysis has been named the “Best Case”
scenario.

TABLE 2 shows the intersections that changed LOS between “Worst Case” and “Best Case”
conditions.

Table 2. LOS Differences between 2035 No-Build “Worst Case” and “Best Case”
Scenarios
AM Peak PM Peak
LOCATION “Worst Case” “Best Case” “Worst Case” “Best Case”
LOS LOS LOS LOS

Benson & Cliff

Benson & Lewis

No-Build “Worst Case” and “Best Case” Conditions Operational
Results

The 2035 no-build “Worst Case” lane geometrics and LOS results for all locations are shown in
FIGURE 1. The 2035 No-Build “Worst Case” HCS 2010 Reports can be found in the APPENDIX.

The 2035 no-build “Best Case” lane geometrics and LOS results for all locations are shown in
FIGURE 2. The 2035 No-Build “Best Case” HCS 2010 Reports can be found in the APPENDIX.



: 1-229
Location Key 1
o0 —P—
T T N
| | ]
T T T N
+—n | Not to Scale
1 1
i '
Y YR
-
+—+ X
—t 1420 930
(1040) (1210)
1-29
390 480
(640) 1 (590)
........ A
N B\
1810 1410
B (1680) (1800) B
[B] (B8]
A
3 3
] g 220 1 1 110 ]
3 o ® >
5 2 8] g P
= L o I
‘,f. < 1590 1300 E z £
s B (1570) (1580) g = g
3 8 E B
(110) (370) (330) 270 (100) (110) (40) (390) w0 (100) ©0) (10) @330)| 4+ 400 (50) (700 (0) (40) t (s0) (150) (130)| .1 120 (a0 (150)  (0)  (350) 200 (100)
150 350 270 1300  (640) 120 30 80 | ¢ 1500 (770) 30 30 30 | 2230 (1000) 140 0 80 | 4 2650 (1060) 30 (50) 40 10 50 1230 (740) 170 0 100 | ¢ 1230 (690)
T 80  (190) <J l |_L: 100 (60) e 160 (80) e 280 (170) : 1350 (870) 7 50 (60) 0 (0)
/D o - FN - /D -

\D/ \F/
(50) 150 +

(170) 150

ARy N MRt o w

(130) |_> (80) 140 ) <—| T—' (30) 40 1 <—| T—' (1180) 470 >

(900) 550 > | 130 260 90 (1370) 730 >l 30 30 50 (1870) 730 >3 10 80 (1160) 370 (1050) 470 __ | 1580 0 80 (1250) 370 10 150 70 (1270) 340
(150) 60 (120) (450) (250) (30) 40 (50)  (40) (130) (30) 50 (40)  (10) (140) (360) (0) (350) (100) 30 (30)  (20) (60) © o
1300
B (1580)
2 (710)
2960 ‘G
(2290)
LEGEND
XXX (XXX) AM and (PM) Peak Hour Volumes o0 1 ; 570
Number of Free-Flow Lanes (280) (280)
Future No-Build Intersection Lane Geometrics 2030 2 2390
@20 |1 @10

AM Peak Hour Basic Freeway Level of Service Notes:

PM Peak Hour Basic Freeway Level of Service

-

Worst case stop controlled approach Level of Service reported
AM Peak Hour Ramp Merge Level of Service 2. Intersection LOS was reported for the condition where each
. intersection experienced the full projected demand, even though adjacent
PM Peak Hour Ramp Merge Level of Service intersections under no-build conditions may not have sufficient capacity
to convey all projected demand.
AM Peak Hour Ramp Diverge Level of Service
PM Peak Hour Ramp Diverge Level of Service

) o) S s ) | 4

. g - . . Dat
AM Peak Hour Weaving Section Level of Service 2035 No-Build "Worst Case" Conditions Traffic Operations Analysis o
PM Peak Hour Weaving Section Level of Service 11/5/2014
AM Peak Hour Signalized Intersection Level of Service -
: ; ; ; igure
PM Peak Hour Signalized Intersection Level of Service 1-229 Major Investment Corridor Study: Sub-Study 4
AM Peak Hour Unsignalized Intersection Level of Service Benson Road Corridor Study 1
PM Peak Hour Unsignalized Intersection Level of Service Sioux Falls, South Dakota




: 1-229
Location Key 1
o0 —P—
T T N
| | ]
T T T N
+—n | Not to Scale
1 1
i '
Y YR
-
+—+ X
—t 1420 930
(1040) (1210)
1-29
390 480
(640) 1 (590)
........ A
N B\
1810 1410
B (1680) (1800) B
[B] (B8]
A
3 3
] g 220 1 1 110 ]
3 o ® >
5 2 8] g P
= L o I
‘,f. < 1590 1300 E z £
s B (1570) (1580) g = g
3 8 E B
(110) (370) (330) 270 (100) (110) (40) (390) w0 (100) ©0) (10) @330)| 4+ 400 (50) (700 (0) (40) t (s0) (150) (130)| .1 120 (a0 (150)  (0)  (350) 200 (100)
150 350 270 1300  (640) 120 30 80 | ¢ 1500 (770) 30 30 30 | 2230 (1000) 140 0 80 | 4 2650 (1060) 30 (50) 40 10 50 1230 (740) 170 0 100 | ¢ 1230 (690)
T 80  (190) <J l |_L: 100 (60) e 160 (80) e 280 (170) : 1350 (870) 7 50 (60) 0 (0)
/e B - FN - /D -

\D/ \F/
(50) 150 +

ARy N MRt o w

|_> (80) 140 ) <—| T—' (30) 40 1 <—| T—' (1180) 470 __»

(130) <—l (170) 150
(900) 550 > | 130 260 90 (1370) 730 >l 3 30 50 (1870) 730 > 30 10 s0 (1160) 370 (1050) 470 > |18 o 80 (1250) 370 110 150 70 (1270) 340
(150) 60 (120) (450) (250 (30) 40 (50)  (40) (130) (30) 50 (40)  (10) (140) (360) (0) (350) (100) 30 (30) (20) (60) © o
1300
B (1580)
B
2 (710)
2960 ‘G
(2290)
LEGEND
XXX (XXX) AM and (PM) Peak Hour Volumes a0 1 ] s70
—#— Number of Free-Flow Lanes (280) (280)
g Future No-Build Intersection Lane Geometrics 2030 % 2390
@200 || @10
AM Peak Hour Basic Freeway Level of Service Notes:
X PM Peak Hour Basic Freeway Level of Service 1. Worst case stop controlled approach Level of Service reported
AM Peak Hour Ramp Merge Level of Service
PM Peak Hour Ramp Merge Level of Service
AM Peak Hour Ramp Diverge Level of Service
PM Peak Hour Ramp Diverge Level of Service
. g - . . Date
AM Peak Hour Weaving Section Level of Service 2035 No-Build "Best Case" Conditions Traffic Operations Analysis
PM Peak Hour Weaving Section Level of Service 2/12/2015
@ AM Peak Hour Signalized Intersection Level of Service -
PM Peak Hour Signalized Intersection Level of Service . . Figure
9 1-229 Major Investment Corridor Study: Sub-Study 4
@ AM Peak Hour Unsignalized Intersection Level of Service Benson Road Corridor Study 2
PM Peak Hour Unsignalized Intersection Level of Service Sioux Falls, South Dakota




Build Conditions Analysis Results

The 2035 Build condition used the same volumes as the 2035 No-Build condition. The 2035
build alternative scenarios were analyzed using HCS 2010 for the AM and PM peak hours. The
alternative scenarios analyzed are as follows:

* Benson-1A. NE Quadrant Loop with 3-Lane SB On-Ramp
* Benson-1B. NE Quadrant Loop with 2-Lane SB On-Ramp
* Benson-4. Diverging Diamond Interchange (DDI)
Benson-1A and Benson-1B were combined and analyzed together because the intersection

lane configurations are the same. See TABLE 3 for the 2035 Build LOS results for the
alternative scenarios.

Table 3. 2035 Build LOS Results for Alternative Scenarios

Intersection
(AM LOS/PM LOS)

Alternative . 2 5 o
Scenario enson enson
Benson & Benson & 1-229 SB 1-220 NB Benson & Benson &

Cliff Lewis Ramps Ramps Hall Sycamore

Benson-1A/
Benson-1B

Benson-4

For all alternative scenarios, the ramp terminals operate at an acceptable LOS of C or better
and the signalized arterial intersections operate at an acceptable threshold of LOS of D or
better. The 2035 Build HCS 2010 Reports can be found in the APPENDIX.
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HCS+: Unsignalized Intersections Release 5.6

TWO-WAY STOP CONTROL SUMMARY

Analyst: GHM
Agency/Co.: HDR

Date Performed:

Analysis Time Period: AM Peak

Intersection:
Jurisdiction:
Units: U. S. Customary

Analysis Year: 2035

Project ID: I-229 MIS
East/West Street:

10/10/2014

E Benson Rd

SD

E Benson Rd & Hall Ave
Sioux Falls,

North/South Street: Hall Ave
Intersection Orientation: EW Study period (hrs): 0.25
Vehicle Volumes and Adjustments

Major Street: Approach Eastbound Westbound

Movement 1 2 3 | 4 5 6

L T R | L T R

Volume 150 340 1230 200
Peak-Hour Factor, PHF 0.85 0.85 0.85 0.85
Hourly Flow Rate, HFR 176 399 1447 235
Percent Heavy Vehicles 6 -= -— -= -=
Median Type/Storage Undivided
RT Channelized?
Lanes 0 2 2 0
Configuration LT T T TR
Upstream Signal? Yes No
Minor Street: Approach Northbound Southbound

Movement 7 8 9 | 10 11 12

L T R | L T R
Volume 100 170
Peak Hour Factor, PHF 0.85 0.85
Hourly Flow Rate, HFR 117 199
Percent Heavy Vehicles 2 2
Percent Grade (%) 0 0
Flared Approach: Exists?/Storage No /
Lanes 0 0
Configuration LR
Delay, Queue Length, and Level of Service

Approach EB WB Northbound Southbound
Movement 1 4 | 7 8 9 | 10 11 12
Lane Config LT | | LR
v (vph) 176 316
C(m) (vph) 359 54
v/c 0.49 5.85
95% gqueue length 2.59 36.04
Control Delay 24.3 2333
LOS C F
Approach Delay 2333
Approach LOS F




HCS+: Unsignalized Intersections Release 5.6
Phone: Fax:
E-Mail:
TWO-WAY STOP CONTROL (TWSC) ANALYSIS
Analyst: GHM
Agency/Co.: HDR
Date Performed: 10/10/2014
Analysis Time Period: AM Peak
Intersection: E Benson Rd & Hall Ave
Jurisdiction: Sioux Falls, SD
Units: U. S. Customary
Analysis Year: 2035
Project ID: I-229 MIS
East/West Street: E Benson Rd
North/South Street: Hall Ave
Intersection Orientation: EW Study period (hrs):
Vehicle Volumes and Adjustments
Major Street Movements 1 2 3 4 5 6
L T R L T R
Volume 150 340 1230 200
Peak-Hour Factor, PHF 0.85 0.85 0.85 0.85
Peak-15 Minute Volume 44 100 362 59
Hourly Flow Rate, HFR 176 399 1447 235
Percent Heavy Vehicles 6 - - - -
Median Type/Storage Undivided /
RT Channelized?
Lanes 0 2 2 0
Configuration LT T T TR
Upstream Signal? Yes No
Minor Street Movements 7 8 9 10 11 12
L T R L T R
Volume 100 170
Peak Hour Factor, PHF 0.85 0.85
Peak-15 Minute Volume 29 50
Hourly Flow Rate, HFR 117 199
Percent Heavy Vehicles 2 2
Percent Grade (%) 0 0
Flared Approach: Exists?/Storage / No
RT Channelized?
Lanes 0 0
Configuration LR

Pedestrian Volumes and Adjustments

Movements

13 14 15 16

Flow (ped/hr)



Lane Width (ft) 12.0 12.0 12.0 12.0
Walking Speed (ft/sec) 4.0 4.0 4.0 4.0
Percent Blockage 0 0 0 0

Upstream Signal Data

Prog. Sat Arrival Green Cycle Prog. Distance
Flow Flow Type Time Length Speed to Signal
vph vph sec sec mph feet
S2 Left-Turn 0 1700 3 0 79 40 2000
Through 370 1700 3 48 79 40 2000
S5 Left-Turn
Through

Worksheet 3-Data for Computing Effect of Delay to Major Street Vehicles

Movement 2 Movement 5
Shared 1n volume, major th vehicles: 0
Shared 1n volume, major rt vehicles: 0
Sat flow rate, major th vehicles: 1800
Sat flow rate, major rt vehicles: 1800
Number of major street through lanes: 2

Worksheet 4-Critical Gap and Follow-up Time Calculation

Critical Gap Calculation

Movement 1 4 7 8 9 10 11 12

L L L T R L T R
t (c, base) 4.1 7.5 6.2
t(c,hv) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
P (hv) 6 2 2
t(c,qg) 0.20 0.20 0.10 0.20 0.20 0.10
Percent Grade 0.00 0.00 0.00 0.00 0.00 0.00
t(3,1t) 0.00 0.70 0.00
t(c,T): 1l-stage 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2-stage 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
t(c) l-stage 4.2 6.8 6.2
2-stage

Follow-Up Time Calculations
Movement 1 4 7 8 9 10 11 12

L L L T R L T R
t (£, base) 2.20 3.50 3.30
t (£, HV) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
P (HV) 6 2 2
t(f) 2.3 3.5 3.3
Worksheet 5-Effect of Upstream Signals
Computation 1-Queue Clearance Time at Upstream Signal

Movement 2 Movement 5
V(t) V(l,prot) V(t) V(l,prot)

V prog 370 0



Total Saturation Flow Rate, s (vph) 3400 3400

Arrival Type 3 3
Effective Green, g (sec) 48 0
Cycle Length, C (sec) 79 79

Rp (from Exhibit 16-11) 1.000 1.000
Proportion vehicles arriving on green P 0.608 0.000
g(gl) 3.4 0.0
g(g2) 0.4 0.0
g(q) 3.8 0.0

Computation 2-Proportion of TWSC Intersection Time blocked

Movement 2 Movement 5
V(t) V(l,prot) V(t) V(l,prot)
alpha 0.500
beta 0.667
Travel time, t(a) (sec) 34.014
Smoothing Factor, F 0.081
Proportion of conflicting flow, £ 1.000 1.000
Max platooned flow, V(c,max) 931 0
Min platooned flow, V(c,min) 2000 2000
Duration of blocked period, t(p) 0.0 0.0
Proportion time blocked, p 0.000 0.000
Computation 3-Platoon Event Periods Result
p(2) 0.000
p(3) 0.000
p (dom) 0.000
p (subo) 0.000
Constrained or unconstrained? U
Proportion
unblocked (1) (2) (3)
for minor Single-stage Two-Stage Process
movements, p(x) Process Stage I Stage ITI
p (1) 1.000
p(4)
p(7)
p(8)
p(9)
p(10) 1.000
p(1ll)
p(l2) 1.000
Computation 4 and 5
Single-Stage Process
Movement 1 4 7 8 9 10 11 12
L L L T R L T R
V ¢, x 1682 2115 841
s 3000 3000 3000
Px 1.000 1.000 1.000
V c,u,x 1682 2115 841
C r,x 359 44 363
C plat,x 359 44 363

Two-Stage Process

11



Stagel Stage2 Stagel Stage2 Stagel Stage2 Stagel Stage?2

V(c, x)

s 3000 3000
P(x)

V(c,u, x)

C(r,x)
C(plat, x)

Worksheet 6-Impedance and Capacity Equations

Step 1: RT from Minor St. 9 12
Conflicting Flows 841
Potential Capacity 363
Pedestrian Impedance Factor 1.00 1.00
Movement Capacity 363
Probability of Queue free St. 1.00 0.45
Step 2: LT from Major St. 4 1
Conflicting Flows 1682
Potential Capacity 359
Pedestrian Impedance Factor 1.00 1.00
Movement Capacity 359
Probability of Queue free St. 1.00 0.51
Maj L-Shared Prob Q free St. 0.51
Step 3: TH from Minor St. 8 11

Conflicting Flows
Potential Capacity

Pedestrian Impedance Factor 1.00 1.00
Cap. Adj. factor due to Impeding mvmnt 0.51 0.51
Movement Capacity

Probability of Queue free St. 1.00 1.00
Step 4: LT from Minor St. 7 10
Conflicting Flows 2115
Potential Capacity 44
Pedestrian Impedance Factor 1.00 1.00
Maj. L, Min T Impedance factor 0.51

Maj. L, Min T Adj. Imp Factor. 0.61

Cap. Adj. factor due to Impeding mvmnt 0.28 0.51
Movement Capacity 22

Worksheet 7-Computation of the Effect of Two-stage Gap Acceptance

Step 3: TH from Minor St. 8 11

Part 1 - First Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Probability of Queue free St.



Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Part 3 - Single Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor 1.00
Cap. Adj. factor due to Impeding mvmnt 0.51
Movement Capacity

Result for 2 stage process:

a

Yy

C t

Probability of Queue free St. 1.00

Step 4: LT from Minor St. 7

10

Part 1 - First Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Part 3 - Single Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Maj. L, Min T Impedance factor

Maj. L, Min T Adj. Imp Factor.

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

.00
.51
.61
.28

o O o

2115
44
1.00

0.51
22

Results for Two-stage process:
a
%
C t

22

Worksheet 8-Shared Lane Calculations

[0
NeJ

Movement 7

Volume (vph)
Movement Capacity (vph)
Shared Lane Capacity (vph)

117
22

199
363
54




Worksheet 9-Computation of Effect

of Flared Minor Street Approaches

Movement

~J
[ee}
Ne)

C sep
Volume
Delay
Q sep
Q sep
round

+1
(Qsep +1)

363
199

n max
C sh
SUM C
n

C act

sep

54

Worksheet 10-Delay, Queue Length,

and Level of Service

Movement 1 4
Lane Config LT

10 11

LR

12

176
359
0.49
95% gqueue length 2.59
Control Delay 24.3
LOS C
Approach Delay

Approach LOS

v (vph)
C(m) (vph)
v/c

316
54
5.85
36.0
2333

2333

4

Worksheet 11-Shared Major LT Impedance and Delay

Movement 2

Movement 5

p(oj) 0.51
v(il), Volume for stream 2 or 5 0
v(i2), Volume for stream 3 or 6 0
s(i1l), Saturation flow rate for stream 2 or 5 1800
s(i2), Saturation flow rate for stream 3 or 6 1800
P*(0o7j) 0.51
d(M,LT), Delay for stream 1 or 4 24.3
N, Number of major street through lanes 2

d(rank,1l) Delay for stream 2 or 5

1.

00




HCS+:

Unsignalized Intersections Release 5.6

TWO-WAY STOP CONTROL SUMMARY

Analyst:

Agency/Co.:

Date Performed:
Analysis Time Period:
Intersection:
Jurisdiction:
Units: U. S.
Analysis Year:
Project ID:
East/West Street:

Customary

I-229 MIS

GHM

HDR

10/10/2014

PM Peak

E Benson Rd & Hall Ave
Sioux Falls, SD

2035

E Benson Rd

North/South Street: Hall Ave
Intersection Orientation: EW Study period (hrs): 0.25
Vehicle Volumes and Adjustments

Major Street: Approach Eastbound Westbound

Movement 1 2 3 | 4 5 6

L T R | L T R

Volume 170 1270 690 100
Peak-Hour Factor, PHF 0.93 0.93 0.93 0.93
Hourly Flow Rate, HFR 182 1365 741 107
Percent Heavy Vehicles 6 -= -— -= -=
Median Type/Storage Undivided /
RT Channelized?
Lanes 0 2 2 0
Configuration LT T T TR
Upstream Signal? Yes No
Minor Street: Approach Northbound Southbound

Movement 7 8 9 | 10 11 12

L T R | L T R
Volume 350 150
Peak Hour Factor, PHF 0.93 0.93
Hourly Flow Rate, HFR 376 161
Percent Heavy Vehicles 2 2
Percent Grade (%) 0 0
Flared Approach: Exists?/Storage / No /
Lanes 0 0
Configuration LR
Delay, Queue Length, and Level of Service

Approach EB WB Northbound Southbound
Movement 1 4 | 7 8 9 | 10 11 12
Lane Config LT | | LR
v (vph) 182 537
C(m) (vph) 760 89
v/c 0.24 6.03
95% gqueue length 0.93 59.39
Control Delay 11.2 2358
LOS B F
Approach Delay 2358
Approach LOS F




HCS+: Unsignalized Intersections Release 5.6

Phone: Fax:
E-Mail:

TWO-WAY STOP CONTROL (TWSC) ANALYSIS

Analyst: GHM

Agency/Co.: HDR

Date Performed: 10/10/2014

Analysis Time Period: PM Peak

Intersection: E Benson Rd & Hall Ave
Jurisdiction: Sioux Falls, SD

Units: U. S. Customary

Analysis Year: 2035

Project ID: I-229 MIS

East/West Street: E Benson Rd
North/South Street: Hall Ave

Intersection Orientation: EW Study period (hrs): 0.25

Vehicle Volumes and Adjustments

Major Street Movements 1 2 3 4 5 6

L T R L T R
Volume 170 1270 690 100
Peak-Hour Factor, PHF 0.93 0.93 0.93 0.93
Peak-15 Minute Volume 46 341 185 27
Hourly Flow Rate, HFR 182 1365 741 107
Percent Heavy Vehicles 6 - - - -
Median Type/Storage Undivided /
RT Channelized?
Lanes 0 2 2 0
Configuration LT T T TR
Upstream Signal? Yes No
Minor Street Movements 7 8 9 10 11 12

L T R L T R
Volume 350 150
Peak Hour Factor, PHF 0.93 0.93
Peak-15 Minute Volume 94 40
Hourly Flow Rate, HFR 376 161
Percent Heavy Vehicles 2 2
Percent Grade (%) 0 0
Flared Approach: Exists?/Storage / No
RT Channelized?
Lanes 0 0
Configuration LR

Pedestrian Volumes and Adjustments

Movements 13 14 15 16

Flow (ped/hr) 0 0 0 0



Lane Width (ft) 12.0 12.0 12.0 12.0
Walking Speed (ft/sec) 4.0 4.0 4.0 4.0
Percent Blockage 0 0 0 0

Upstream Signal Data

Prog. Sat Arrival Green Cycle Prog. Distance
Flow Flow Type Time Length Speed to Signal
vph vph sec sec mph feet
S2 Left-Turn 0 1700 3 0 75 40 2000
Through 1250 1700 3 43 75 40 2000
S5 Left-Turn
Through

Worksheet 3-Data for Computing Effect of Delay to Major Street Vehicles

Movement 2 Movement 5
Shared 1n volume, major th vehicles: 0
Shared 1n volume, major rt vehicles: 0
Sat flow rate, major th vehicles: 1800
Sat flow rate, major rt vehicles: 1800
Number of major street through lanes: 2

Worksheet 4-Critical Gap and Follow-up Time Calculation

Critical Gap Calculation

Movement 1 4 7 8 9 10 11 12

L L L T R L T R
t (c, base) 4.1 7.5 6.2
t(c,hv) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
P (hv) 6 2 2
t(c,qg) 0.20 0.20 0.10 0.20 0.20 0.10
Percent Grade 0.00 0.00 0.00 0.00 0.00 0.00
t(3,1t) 0.00 0.70 0.00
t(c,T): 1l-stage 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2-stage 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
t(c) l-stage 4.2 6.8 6.2
2-stage

Follow-Up Time Calculations
Movement 1 4 7 8 9 10 11 12

L L L T R L T R
t (£, base) 2.20 3.50 3.30
t (£, HV) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
P (HV) 6 2 2
t(f) 2.3 3.5 3.3
Worksheet 5-Effect of Upstream Signals
Computation 1-Queue Clearance Time at Upstream Signal

Movement 2 Movement 5
V(t) V(l,prot) V(t) V(l,prot)

V prog 1250 0



Total Saturation Flow Rate, s (vph) 3400 3400

Arrival Type 3 3
Effective Green, g (sec) 43 0
Cycle Length, C (sec) 75 75

Rp (from Exhibit 16-11) 1.000 1.000
Proportion vehicles arriving on green P 0.573 0.000
g(gl) 11.8 0.0
g(g2) 6.8 0.0
g(q) 18.6 0.0

Computation 2-Proportion of TWSC Intersection Time blocked

Movement 2 Movement 5

Vi(t) V(l,prot) V(t) V(l,prot)

alpha

beta

Travel time, t(a) (sec)
Smoothing Factor, F

0.500
0.667
34.014
0.081

Proportion of conflicting flow, £ 1.000 1.000
Max platooned flow, V(c,max) 2694 0

Min platooned flow, V(c,min) 2000 2000
Duration of blocked period, t(p) 15.9 0.0
Proportion time blocked, p 0.211 0.000

Computation 3-Platoon Event Periods Result

(2)
(5)
(dom)

P
P
P
p (subo)

.211
.000
.211
.000

o O O o

Constrained or unconstrained? U

Proportion
unblocked

for minor
movements, p(x)

(1) (2) (3)
Single-stage Two-Stage Process
Process Stage I Stage II

o 's ' ‘o 'O 'O ‘T 'O

1.000

0.789

1.000

Computation 4 and 5
Single-Stage Process
Movement

-
DS
-
®
©
=
o
=
=

V ¢, x

s

Px

V c,u,x

848 1840
3000 3000
1.000 0.789
848 1529

424
3000
1.000
424

C r,x
C plat,x

760 108
760 85

628
628

Two-Stage Process

11



Stagel Stage2 Stagel Stage2 Stagel Stage2 Stagel Stage?2

V(c, x)

s 3000 3000
P(x)

V(c,u, x)

C(r,x)
C(plat, x)

Worksheet 6-Impedance and Capacity Equations

Step 1: RT from Minor St. 9 12
Conflicting Flows 424
Potential Capacity 628
Pedestrian Impedance Factor 1.00 1.00
Movement Capacity 628
Probability of Queue free St. 1.00 0.74
Step 2: LT from Major St. 4 1
Conflicting Flows 848
Potential Capacity 760
Pedestrian Impedance Factor 1.00 1.00
Movement Capacity 760
Probability of Queue free St. 1.00 0.76
Maj L-Shared Prob Q free St. 0.76
Step 3: TH from Minor St. 8 11

Conflicting Flows
Potential Capacity

Pedestrian Impedance Factor 1.00 1.00
Cap. Adj. factor due to Impeding mvmnt 0.76 0.76
Movement Capacity

Probability of Queue free St. 1.00 1.00
Step 4: LT from Minor St. 7 10
Conflicting Flows 1840
Potential Capacity 85
Pedestrian Impedance Factor 1.00 1.00
Maj. L, Min T Impedance factor 0.76

Maj. L, Min T Adj. Imp Factor. 0.82

Cap. Adj. factor due to Impeding mvmnt 0.61 0.76
Movement Capacity 65

Worksheet 7-Computation of the Effect of Two-stage Gap Acceptance

Step 3: TH from Minor St. 8 11

Part 1 - First Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Probability of Queue free St.



Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Part 3 - Single Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor 1.00
Cap. Adj. factor due to Impeding mvmnt 0.76
Movement Capacity

Result for 2 stage process:

a

Yy

C t

Probability of Queue free St. 1.00

Step 4: LT from Minor St. 7

10

Part 1 - First Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Part 3 - Single Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Maj. L, Min T Impedance factor

Maj. L, Min T Adj. Imp Factor.

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

.00
.76
.82
.61

o O o

1840
85
1.00

0.76
65

Results for Two-stage process:
a
%
C t

65

Worksheet 8-Shared Lane Calculations

(00]

Movement 7

Volume (vph)
Movement Capacity (vph)
Shared Lane Capacity (vph)

376
65

161
628
89




Worksheet 9-Computation of Effect

of Flared Minor Street Approaches

Movement

~J
[ee}
Ne)

C sep
Volume
Delay
Q sep
Q sep
round

+1
(Qsep +1)

628
161

n max
C sh
SUM C
n

C act

sep

89

Worksheet 10-Delay, Queue Length,

and Level of Service

Movement 1 4
Lane Config LT

10 11

LR

12

182
760
0.24
95% gqueue length 0.93
Control Delay 11.2
LOS B
Approach Delay

Approach LOS

v (vph)
C(m) (vph)
v/c

537
89
6.03
59.3
2358

2358

9

Worksheet 11-Shared Major LT Impedance and Delay

Movement 2

Movement 5

p(oj) 0.76
v(il), Volume for stream 2 or 5 0
v(i2), Volume for stream 3 or 6 0
s(i1l), Saturation flow rate for stream 2 or 5 1800
s(i2), Saturation flow rate for stream 3 or 6 1800
P*(0o7j) 0.76
d(M,LT), Delay for stream 1 or 4 11.2
N, Number of major street through lanes 2

d(rank,1l) Delay for stream 2 or 5

1.

00




HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information A '**E‘ Bl

Agency HDR Duration, h 0.25 . - .

Analyst GHM Analysis Date |Feb 3, 2015 Area Type Other j E;

Jurisdiction Sioux Falls, SD Time Period |AM Peak PHF 0.85 f';E =

Intersection Benson Rd & Hall Ave Analysis Year [2035 Analysis Period [1>7:15 2 z

File Name 2035_NB_Benson_Rd_AM_WorstCase.xus

Project Description 2035 NB AM 5 5 O
'

Demand Information EB WB NB SB

Approach Movement L T R L T R L T R L T R

Demand (v), veh/h 150 | 370 30 50 | 1230 | 120 || 110 | 150 | 70 50 10 40

Signal Information F_ !;L &

|7 % B
Cycle, s 110.0 | Reference Phase 2 == —3 K =, _€;
Offset, s 108 | Reference Point End - le ! : :
: Green | 8.5 581 1244 |0.0 0.0 0.0

Uncoordinated| No | Simult. Gap E'W | On [Vellow|4.0 5.0 5.0 0.0 0.0 00 | A ,T.

Force Mode Fixed | Simult. Gap N/S On |Red 1.0 2.0 2.0 0.0 0.0 0.0 5 6 7 8

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 6 8 4

Case Number 1.0 4.0 8.3 6.0 6.0

Phase Duration, s 13.5 78.6 65.1 31.4 31.4

Change Period, (Y+Rc), s 5.0 7.0 7.0 7.0 7.0

Max Allow Headway (MAH), s 3.1 0.0 0.0 4.1 4.1

Queue Clearance Time (gs), S 9.2 17.7 23.5

Green Extension Time (ge), s 0.0 0.0 0.0 14 0.8

Phase Call Probability 1.00 1.00 1.00

Max Out Probability 1.00 0.09 0.87

Movement Group Results EB WB NB SB

Approach Movement L T R L T R L T R L T R

Assigned Movement 5 2 12 1 6 16 3 8 18 7 4 14

Adjusted Flow Rate (v), veh/h 176 | 238 | 233 || 860 787 || 129 | 259 59 59

Adjusted Saturation Flow Rate (s), veh/h/In 1617 | 1698 | 1653 || 1620 1497 || 1288 | 1669 1116 | 1543

Queue Service Time (gs), s 7.2 3.9 3.7 || 44.9 576 || 9.9 | 15.7 5.6 3.4

Cycle Queue Clearance Time (gc), s 7.2 3.9 3.7 || 58.0 57.6 || 13.5 | 15.7 215 | 34

Green Ratio (g/C) 0.62 | 0.65 | 0.65 || 0.53 0.53 || 0.22 | 0.22 0.22 | 0.22

Capacity (c), veh/h 194 | 1104 | 1074 || 890 790 || 311 | 372 153 | 344

Volume-to-Capacity Ratio (X) 0.909|0.215|0.217 | 0.967 0.996 || 0.416 | 0.696 0.385| 0.171

Available Capacity (ca), veh/h 195 | 1104 | 1074 || 890 790 || 352 | 425 188 | 393

Back of Queue (Q), veh/In (95th percentile) 113 | 23 | 21 | 34.2 335 | 58 | 11.1 2.9 2.3

Queue Storage Ratio (RQ) (95th percentile) 2.97 | 0.02 | 0.02 || 0.90 0.88 || 0.15 | 0.28 0.73 | 0.06

Uniform Delay (d+), s/veh 36.2 | 44 42 || 25.8 25.9 || 40.1 | 39.3 49.3 | 34.5

Incremental Delay (d>), s/veh 376 | 04 0.4 || 23.1 31.2 || 0.9 4.2 0.6 0.1

Initial Queue Delay (d3), s/veh 0.0 | 0.0 | 0.0 0.0 0.0 0.0 | 0.0 0.0 0.0

Control Delay (d), s/veh 73.8 | 4.8 46 || 48.9 57.1 || 41.0 | 43.5 499 | 34.6

Level of Service (LOS) E A A D E D D D C

Approach Delay, s/veh / LOS 236 | G 528 | D 427 | D 423 | D

Intersection Delay, s/veh / LOS 44.2 D

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.2 B 2.3 B 2.7 B 2.8 C

Bicycle LOS Score / LOS 1.0 A 1.8 A 1.1 A 0.7 A

Copyright © 2016 University of Florida, All Rights Reserved. HCS 2010™ Streets Version 6.50 Generated: 5/18/2016 7:20:36 AM



HCS 2010 Signalized Intersection Results Summary

Project Description 2035 NB PM

General Information Intersection Information A '*‘E‘ i
Agency HDR Duration, h 0.25 . - .
Analyst GHM Analysis Date |Feb 3, 2015 Area Type Other j E;
Jurisdiction Sioux Falls, SD Time Period |PM Peak PHF 0.93 f;E =
Intersection Benson Rd & Hall Ave Analysis Year |2035 Analysis Period [1>4:30 2 z
File Name 2035_NB_Benson_Rd_PM_WorstCase.xus

i 8 ) 5

Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand (v), veh/h 50 | 1250 | 100 60 | 740 | 40 30 20 60 130 | 150 | 150
Signal Information F_ !;L

|7 . N .{L.
Cycle, s 105.0 | Reference Phase | 2 = s &) E _€;
Offset, s 92 | Reference Point End oot [iten le : : .

: Green | 4.0 571 |25.0 |0.0 0.0 0.0

Uncoordinated| No | Simult. Gap E'W | On [Vellow|4.0 5.0 5.0 0.0 0.0 0.0 p | ,T.
Force Mode Fixed | Simult. Gap N/S On |Red 1.0 2.0 2.0 0.0 0.0 0.0 5 6 7 8

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 5 2 6 8 4
Case Number 1.0 4.0 8.3 6.0 6.0
Phase Duration, s 9.0 73.0 64.1 32.0 32.0
Change Period, (Y+Rc), s 5.0 7.0 7.0 7.0 7.0
Max Allow Headway (MAH), s 3.1 0.0 0.0 3.5 3.5
Queue Clearance Time (gs), S 3.4 25.2 21.9
Green Extension Time (ge), s 0.0 0.0 0.0 0.0 0.6
Phase Call Probability 0.79 1.00 1.00
Max Out Probability 1.00 1.00 1.00
Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 5 2 12 1 6 16 3 8 18 7 4 14
Adjusted Flow Rate (v), veh/h 54 733 | 718 || 366 537 32 86 140 | 323
Adjusted Saturation Flow Rate (s), veh/h/In 1617 | 1698 | 1654 || 1025 1523 || 1053 | 1555 1306 | 1619
Queue Service Time (gs), s 14 | 239|242 | 11.0 26.1 3.2 4.7 10.2 | 19.9
Cycle Queue Clearance Time (gc), s 14 | 239 | 24.2 || 26.1 26.1 || 23.2 | 4.7 149 | 19.9
Green Ratio (g/C) 0.60 | 0.63 | 0.63 || 0.54 0.54 || 0.24 | 0.24 0.24 | 0.24
Capacity (c), veh/h 319 | 1068 | 1040 || 597 828 || 118 | 370 320 | 385
Volume-to-Capacity Ratio (X) 0.168| 0.687 | 0.691 |/ 0.613 0.648 || 0.273 | 0.233 0.437 | 0.838
Available Capacity (ca), veh/h 336 | 1068 | 1040 || 597 828 || 119 | 370 320 | 385

Back of Queue (Q), veh/In (95th percentile) 0.9 | 10.1 | 10.0 || 10.5 141 1.6 3.2 5.9 14.3
Queue Storage Ratio (RQ) (95th percentile) 0.22 | 0.09 | 0.09 || 0.28 0.37 || 0.04 | 0.08 1.49 | 0.36
Uniform Delay (d+), s/veh 12.8 | 8.1 8.2 || 15.6 16.9 || 49.2 | 32.3 38.3 | 38.1
Incremental Delay (d2), s/veh 0.1 3.0 3.1 4.7 3.9 1.2 0.3 04 | 14.2
Initial Queue Delay (d3), s/veh 0.0 | 0.0 | 0.0 0.0 0.0 0.0 | 0.0 0.0 0.0
Control Delay (d), s/veh 129 | 11.1 | 11.3 || 20.3 20.8 || 50.4 | 32.6 38.7 | 52.2
Level of Service (LOS) B B B C C D C D D
Approach Delay, s/veh / LOS 1.3 | B 206 | G 375 | D 481 | D
Intersection Delay, s/veh / LOS 20.8

Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS 2.2 B 2.3 B 2.7 B 2.8 C
Bicycle LOS Score / LOS 1.7 A 1.2 A 0.7 A 1.3 A

Copyright © 2016 University of Florida, All Rights Reserved.

HCS 2010™ Streets Version 6.50
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information 0 3
Agency HDR Duration, h 0.25 - -
Analyst GHM Analysis Date |Feb 3, 2015 Area Type Other g ;}
Jurisdiction Sioux Falls, SD Time Period |AM Peak PHF 0.85 fE =
Intersection Benson Rd & I-229 NB Rar| Analysis Year |2035 Analysis Period |1>7:15 5 :
File Name 2035_NB_Benson_Rd_AM_WorstCase.xus b
Project Description ~ |2035 NB AM ]
Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand (v), veh/h 80 470 1350 | 30 || 1580 O 80
Signal Information F_

n —
Cycle, s 110.0 | Reference Phase 2 = ﬁTfE : -z, . : )
Offset, s 106 | Reference Point End Green 'Z‘é"é 295 100 0.0 0.0 0.0 4L
Uncoordinated| No | Simult. Gap E'W | On [Vellow|3.5 35 0.0 0.0 0.0 0.0
Force Mode Fixed | Simult. Gap N/S On |Red 2.0 2.0 0.0 0.0 0.0 0.0 5 6 7 Y:
Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 2 6 8
Case Number 6.0 7.0 10.0
Phase Duration, s 55.0 55.0 55.0
Change Period, (Y+Rc), s 5.5 5.5 5.5
Max Allow Headway (MAH), s 0.0 0.0 4.1
Queue Clearance Time (gs), S 51.5
Green Extension Time (ge), s 0.0 0.0 0.0
Phase Call Probability 1.00
Max Out Probability 1.00
Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 5 2 6 16 8 8 18
Adjusted Flow Rate (v), veh/h 94 | 553 1588 | 0 1859 | 86
Adjusted Saturation Flow Rate (s), veh/h/In 308 | 1617 1617 | 1439 || 1278 | 1439
Queue Service Time (gs), s 0.0 | 13.7 495 | 0.0 || 495 | 3.8
Cycle Queue Clearance Time (gc), s 495 | 13.7 495 | 0.0 || 495 | 3.8
Green Ratio (g/C) 0.45 | 0.45 0.45 | 0.45 || 0.45 | 0.45
Capacity (c), veh/h 65 | 1455 1455 | 648 || 1150 | 648
Volume-to-Capacity Ratio (X) 1.438| 0.380 1.0920.000 || 1.617| 0.133
Available Capacity (ca), veh/h 65 | 1455 1455 | 648 || 1150 | 648
Back of Queue (Q), veh/In (95th percentile) 11.8 | 8.9 302 | 0.0 || 933 | 2.2
Queue Storage Ratio (RQ) (95th percentile) 3.08 | 0.08 0.27 | 0.00 || 2.45 | 0.06
Uniform Delay (df), s/veh 61.9 | 231 234 | 0.0 || 30.3 | 17.7
Incremental Delay (d>), s/veh 258.0| 0.7 448 | 0.0 [[281.5| 0.1
Initial Queue Delay (d3), s/veh 0.0 | 0.0 0.0 | 0.0 0.0 | 0.0
Control Delay (d), s/veh 319.9| 23.8 68.2 | 0.0 ||311.7| 17.8
Level of Service (LOS) F C F F B
Approach Delay, s/veh / LOS 668 | E 682 | E 2988 | F 00 |
Intersection Delay, s/veh / LOS 175.3
Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS 1.9 A 1.9 A 2.9 C 2.9 C
Bicycle LOS Score / LOS 1.0 A 1.8 A 3.7 D

Copyright © 2016 University of Florida, All Rights Reserved.
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information | 5
Agency HDR Duration, h 0.25 - -
Analyst GHM Analysis Date |Feb 3, 2015 Area Type Other g ;}
Jurisdiction Sioux Falls, SD Time Period |PM Peak PHF 0.93 fE =
Intersection Benson Rd & I-229 NB Rar| Analysis Year |2035 Analysis Period |1>4:30 5 :
File Name 2035_NB_Benson_Rd_PM_WorstCase.xus
Project Description ~ |2035 NB PM ]
Demand Information EB WB NB SB
Approach Movement L T R L T R L T R L T R
Demand (v), veh/h 170 | 1050 870 | 50 360 0 350
Signal Information F_

n —
Cycle, s 105.0 | Reference Phase 2 = ﬁTfE : -z, . : )
Offset, s 102 | Reference Point End Green %‘q 189 100 0.0 0.0 0.0 4L
Uncoordinated| No | Simult. Gap E'W | On [Vellow|3.5 35 0.0 0.0 0.0 0.0
Force Mode Fixed | Simult. Gap N/S On |Red 2.0 2.0 0.0 0.0 0.0 0.0 5 6 7 Y:
Timer Results EBL EBT WBL WBT NBL NBT SBL SBT
Assigned Phase 2 6 8
Case Number 6.0 7.0 10.0
Phase Duration, s 80.6 80.6 24.4
Change Period, (Y+Rc), s 5.5 5.5 5.5
Max Allow Headway (MAH), s 0.0 0.0 4.2
Queue Clearance Time (gs), S 16.3
Green Extension Time (ge), s 0.0 0.0 2.6
Phase Call Probability 1.00
Max Out Probability 0.00
Movement Group Results EB WB NB SB
Approach Movement L T R L T R L T R L T R
Assigned Movement 5 2 6 16 8 8 18
Adjusted Flow Rate (v), veh/h 183 | 1129 935 11 387 | 205
Adjusted Saturation Flow Rate (s), veh/h/In 568 | 1617 1617 | 1439 || 1456 | 1439
Queue Service Time (gs), s 28.6 | 18.3 104 | 0.1 13.2 | 14.3
Cycle Queue Clearance Time (gc), s 35.1 | 18.3 104 | 0.1 13.2 | 14.3
Green Ratio (g/C) 0.71 | 0.71 0.71 | 0.71 || 0.18 | 0.18
Capacity (c), veh/h 417 | 2311 2311 | 1029 || 525 | 260
Volume-to-Capacity Ratio (X) 0.439| 0.488 0.405|0.010/0.737 | 0.791
Available Capacity (ca), veh/h 417 | 2311 2311 | 1029 || 2398 | 1186
Back of Queue (Q), veh/In (95th percentile) 4.9 7.7 48 | 0.1 83 | 9.1
Queue Storage Ratio (RQ) (95th percentile) 1.28 | 0.07 0.04 | 0.01 || 0.22 | 0.24
Uniform Delay (d+), s/veh 19.4 | 8.2 4.8 22 || 40.7 | 411
Incremental Delay (d>), s/veh 09 | 02 0.4 | 0.0 20 | 54
Initial Queue Delay (d3), s/veh 0.0 | 0.0 0.0 | 0.0 0.0 | 0.0
Control Delay (d), s/veh 202 | 84 5.1 22 || 42.7 | 465
Level of Service (LOS) C A A A D D
Approach Delay, s/veh / LOS 100 | B 51 | A 440 | D 00 |
Intersection Delay, s/veh / LOS 15.4 B
Multimodal Results EB WB NB SB
Pedestrian LOS Score / LOS 2.1 B 1.9 A 2.9 C 2.9 C
Bicycle LOS Score / LOS 1.6 A 1.3 A 1.5 A

Copyright © 2016 University of Florida, All Rights Reserved. HCS 2010™ Streets Version 6.50 Generated: 5/18/2016 7:24:55 AM



HCS+: Unsignalized Intersections Release 5.6
TWO-WAY STOP CONTROL SUMMARY
Analyst: GHM
Agency/Co.: HDR
Date Performed: 10/10/2014
Analysis Time Period: AM Peak
Intersection: E Benson Rd & I-229 SB Ramps
Jurisdiction: Sioux Falls, SD
Units: U. S. Customary
Analysis Year: 2035
Project ID: I-229 MIS
East/West Street: E Benson Rd
North/South Street: I-229 SB Ramps
Intersection Orientation: EW Study period (hrs): 0.25
Vehicle Volumes and Adjustments
Major Street: Approach Eastbound Westbound
Movement 1 2 3 | 4 5 6
L T R | L T R
Volume 470 370 280 2650
Peak-Hour Factor, PHF 0.85 0.85 0.85 0.85
Hourly Flow Rate, HFR 552 435 329 3117
Percent Heavy Vehicles —-— —-— 6 —-— —-—
Median Type/Storage Undivided /
RT Channelized?
Lanes 2 0 1 2
Configuration T TR L T
Upstream Signal? Yes Yes
Minor Street: Approach Northbound Southbound
Movement 7 8 9 | 10 11 12
L T R | L T R
Volume 80 0 140
Peak Hour Factor, PHF 0.85 0.85 0.85
Hourly Flow Rate, HFR 94 0 164
Percent Heavy Vehicles 6 6 6
Percent Grade (%) 0 0
Flared Approach: Exists?/Storage / No /
Lanes 1 1 0
Configuration L TR
Delay, Queue Length, and Level of Service
Approach EB WB Northbound Southbound
Movement 1 4 | 7 8 9 | 10 11 12
Lane Config L | | L TR
v (vph) 329 94 164
C(m) (vph) 672 1 139
v/c 0.49 94.00 1.18
95% gqueue length 2.71 14.12 9.56
Control Delay 15.4 48823 195.4
LOS C F F
Approach Delay 17912
Approach LOS F




HCS+:

Phone:
E-Mail:
TWO-WAY STOP CONTROL (TWSC)
Analyst: GHM
Agency/Co.: HDR

Date Performed:

Unsignalized Intersections Release 5.6

10/10/2014

Analysis Time Period: AM Peak

Intersection:
Jurisdiction:
Units: U. S. Customary

Analysis Year: 2035

Project ID: I-229 MIS
East/West Street:
North/South Street:

E Benson Rd
I-229 SB Ramps

Fax:

E Benson Rd & I-229 SB Ramps
Sioux Falls, SD

ANALYSIS

Intersection Orientation: EW Study period (hrs): 0.25
Vehicle Volumes and Adjustments

Major Street Movements 1 2 3 4 5 6

L T R L T R
Volume 470 370 280 2650
Peak-Hour Factor, PHF 0.85 0.85 0.85 0.85
Peak-15 Minute Volume 138 109 82 779
Hourly Flow Rate, HFR 552 435 329 3117
Percent Heavy Vehicles - - 6 - -
Median Type/Storage Undivided /
RT Channelized?
Lanes 2 0 1 2
Configuration T TR T
Upstream Signal? Yes Yes
Minor Street Movements 7 8 9 10 11 12

L T R L T R
Volume 80 0 140
Peak Hour Factor, PHF 0.85 0.85 0.85
Peak-15 Minute Volume 24 0 41
Hourly Flow Rate, HFR 94 0 164
Percent Heavy Vehicles 6 6 6
Percent Grade (%) 0 0
Flared Approach: Exists?/Storage / No
RT Channelized?
Lanes 1 1 0
Configuration TR

Movements

13 14 15

Pedestrian Volumes and Adjustments

16

Flow (ped/hr)



Lane Width (ft) 12.0 12.0 12.0 12.0
Walking Speed (ft/sec) 4.0 4.0 4.0 4.0
Percent Blockage 0 0 0 0

Upstream Signal Data

Prog. Sat Arrival Green Cycle Prog. Distance

Flow Flow Type Time Length Speed to Signal
vph vph sec sec mph feet
S2 Left-Turn 0 1800 3 0 72 40 1950
Through 730 1800 3 37 72 40 1950
S5 Left-Turn 0 1800 3 0 111 40 1050
Through 1350 1800 3 11 111 40 1050

Worksheet 3-Data for Computing Effect of Delay to Major Street Vehicles

Movement 2 Movement 5

Shared 1n volume, major th vehicles:
Shared 1n volume, major rt vehicles:
Sat flow rate, major th vehicles:
Sat flow rate, major rt vehicles:
Number of major street through lanes:

Worksheet 4-Critical Gap and Follow-up Time Calculation

Critical Gap Calculation

Movement 1 4 7 8 9 10 11 12

L L L T R L T R
t (c, base) 4.1 7.5 6.5 6.2
t(c,hv) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
P (hv) 6 6 6 6
t(c,qg) 0.20 0.20 0.10 0.20 0.20 0.10
Percent Grade 0.00 0.00 0.00 0.00 0.00 0.00
t(3,1t) 0.00 0.70 0.00 0.00
t(c,T): 1l-stage 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2-stage 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
t(c) l-stage 4.2 6.9 6.6 6.3
2-stage

Follow-Up Time Calculations
Movement 1 4 7 8 9 10 11 12

L L L T R L T R
t (£, base) 2.20 3.50 4.00 3.30
t (£, HV) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
P (HV) 6 6 6 6
t(f) 2.3 3.6 4.1 3.4
Worksheet 5-Effect of Upstream Signals
Computation 1-Queue Clearance Time at Upstream Signal

Movement 2 Movement 5
V(t) V(l,prot) V(t) V(l,prot)

V prog 730 0 1350 0



Total Saturation Flow Rate, s (vph) 3600 3600 3600 3600
Arrival Type 3 3 3 3
Effective Green, g (sec) 37 0 11 0
Cycle Length, C (sec) 72 72 111 111
Rp (from Exhibit 16-11) 1.000 1.000 1.000 1.000
Proportion vehicles arriving on green P 0.514 0.000 0.099 0.000
g(gl) 7.1 0.0 37.5 0.0
g(g2) 1.8 0.0 22.5 0.0
g(q) 8.9 0.0 60.0 0.0
Computation 2-Proportion of TWSC Intersection Time blocked

Movement 2

V(t)

V(l,prot)

Movement 5

V(t)

V(l,prot)

alpha

beta

Travel time, t(a) (sec)

Smoothing Factor, F

Proportion of conflicting flow, £
Max platooned flow, V(c,max)

Min platooned flow, V(c,min)
Duration of blocked period, t(p)
Proportion time blocked, p

1.000
1935
2000
0.0

0.500
0.667
33.163
0.083
1.000
0
2000
0.0
0.000

1.000
3600
2000
5.8

0.500
0.667
17.857
0.144
1.000
0
2000
0.0
0.052

Computation 3-Platoon Event Periods

Result

(2)

(5)

(dom)

(subo)

Constrained or unconstrained?

P
p
p
P

.000

.052

.052

.000
U

o O O o

Proportion

unblocked (1)

for minor Single-stage
movements, p(x) Process

(2)

(3)

Two-Stage Process

Stage

I

Stage II

4) 1.000

10) 0.948
11) 0.948
12) 0.948

o 's ' ‘o 'O 'O ‘T 'O

Computation 4 and 5
Single-Stage Process
Movement

[SY
1SN

~J
(00

V ¢, x 987
s 3000
Px 1.000
V c,u,x 987

4051
3000
0.948
4109

4762 1558
3000 3000
0.948 0.948
4859 1479

C r,x 672
C plat,x 672

1 147
1 139

Two-Stage Process

10

11



Stagel Stage2 Stagel Stage2 Stagel Stage2 Stagel Stage?2

V(c, x)

s 3000 3000 3000 3000
P(x)

V(c,u, x)

C(r,x)
C(plat, x)

Worksheet 6-Impedance and Capacity Equations

Step 1: RT from Minor St. 9 12
Conflicting Flows 1558
Potential Capacity 139
Pedestrian Impedance Factor 1.00 1.00
Movement Capacity 139
Probability of Queue free St. 1.00 0.00
Step 2: LT from Major St. 4 1
Conflicting Flows 987

Potential Capacity 672

Pedestrian Impedance Factor 1.00 1.00
Movement Capacity 672

Probability of Queue free St. 0.51 1.00

Maj L-Shared Prob Q free St.

Step 3: TH from Minor St. 8 11
Conflicting Flows 4762
Potential Capacity 1
Pedestrian Impedance Factor 1.00 1.00
Cap. Adj. factor due to Impeding mvmnt 0.51 0.51
Movement Capacity 1
Probability of Queue free St. 1.00 1.00
Step 4: LT from Minor St. 7 10
Conflicting Flows 4051
Potential Capacity 2
Pedestrian Impedance Factor 1.00 1.00
Maj. L, Min T Impedance factor 0.51

Maj. L, Min T Adj. Imp Factor. 0.62

Cap. Adj. factor due to Impeding mvmnt 0.00 0.51
Movement Capacity 1

Worksheet 7-Computation of the Effect of Two-stage Gap Acceptance

Step 3: TH from Minor St. 8 11

Part 1 - First Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Probability of Queue free St.



Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Part 3 - Single Stage

Conflicting Flows 4762
Potential Capacity 1
Pedestrian Impedance Factor 1.00 1.00
Cap. Adj. factor due to Impeding mvmnt 0.51 0.51
Movement Capacity 1

Result for 2 stage process:

a

Yy

C t 1
Probability of Queue free St. 1.00 1.00
Step 4: LT from Minor St. 7 10

Part 1 - First Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Part 2 - Second Stage

Conflicting Flows

Potential Capacity

Pedestrian Impedance Factor

Cap. Adj. factor due to Impeding mvmnt
Movement Capacity

Part 3 - Single Stage

Conflicting Flows 4051

Potential Capacity 2

Pedestrian Impedance Factor 1.00 1.00

Maj. L, Min T Impedance factor 0.51

Maj. L, Min T Adj. Imp Factor. 0.62

Cap. Adj. factor due to Impeding mvmnt 0.00 0.51

Movement Capacity 1

Results for Two-stage process:

a

%

C t 1

Worksheet 8-Shared Lane Calculations

Movement 7 8 9 10 11 12
L T R L T R

Volume (vph) 94 0 164

Movement Capacity (vph) 1 1 139

Shared Lane Capacity (vph) 139




Worksheet 9-Computation of Effect of Flared Minor Street Approaches

-
©
0
[
o
[
[
[
N

Movement

C sep 1 1 139
Volume 94 0 164
Delay

Q sep

Q sep +1

round (Qsep +1)

n max

C sh 139
SUM C sep

n

C act

Worksheet 10-Delay, Queue Length, and Level of Service

Movement 1 4 7 8 9 10 11 12
Lane Config L L TR
v (vph) 329 94 164
C(m) (vph) 672 1 139
v/c 0.49 94.00 1.18
95% gqueue length 2.71 14.12 9.56
Control Delay 15.4 48823 195.4
LOS C F F
Approach Delay 17912
Approach LOS F

Worksheet 11-Shared Major LT Impedance and Delay

Movement 2 Movement 5
p(oj) 1.00 0.51
v(il), Volume for stream 2 or 5
v(i2), Volume for stream 3 or 6
s(i1l), Saturation flow rate for stream 2 or 5
s(i2), Saturation flow rate for stream 3 or 6
P*(0o7j)
d(M,LT), Delay for stream 1 or 4 15.4

N, Number of major street through lanes
d(rank,1l) Delay for stream 2 or 5




HCS+: Unsignalized Intersections Release 5.6
TWO-WAY STOP CONTROL SUMMARY
Analyst: GHM
Agency/Co.: HDR
Date Performed: 10/10/2014
Analysis Time Period: PM Peak
Intersection: E Benson Rd & I-229 SB Ramps
Jurisdiction: Sioux Falls, SD
Units: U. S. Customary
Analysis Year: 2035
Project ID: I-229 MIS
East/West Street: E Benson Rd
North/South Street: I-229 SB Ramps
Intersection Orientation: EW Study period (hrs): 0.25
Vehicle Volumes and Adjustments

Major Street: Approach Eastbound Westbound

Movement 1 2 3 | 4 5 6

L T R | L T R

Volume 1180 1160 170 1060
Peak-Hour Factor, PHF 0.93 0.93 0.93 0.93
Hourly Flow Rate, HFR 1268 1247 182 1139
Percent Heavy Vehicles —-— —-— 6 —-— —-—
Median Type/Storage Undivided /
RT Channelized?
Lanes 2 0 1 2
Configuration T TR L T
Upstream Signal? Yes Yes
Minor Street: Approach Northbound Southbound

Movement 7 8 9 | 10 11 12

L T R | L T R
Volume 40 0 70
Peak Hour Factor, PHF 0.93 0.93 0.93
Hourly Flow Rate, HFR 43 0 75
Percent Heavy Vehicles 6 6 6
Percent Grade (%) 0 0
Flared Approach: Exists?/Storage / No /
Lanes 1 1 0
Configuration L TR
Delay, Queue Length, and Level of Service

Approach EB WB Northbound Southbound
Movement 1 4 | 7 8 9 | 10 11 12
Lane Config L | | L TR
v (vph) 182 43 75
C(m) (vph) 139 0 0
v/c 1.31
95% gqueue length 11.38
Control Delay 242.3
LOS F F F

Approach Delay
Approach LOS




HCS+:

Phone:
E-Mail:
TWO-WAY STOP CONTROL (TWSC)
Analyst: GHM
Agency/Co.: HDR

Date Performed:

Unsignalized Intersections Release 5.6

10/10/2014

Analysis Time Period: PM Peak

Intersection:
Jurisdiction:
Units: U. S. Customary

Analysis Year: 2035

Project ID: I-229 MIS
East/West Street:
North/South Street:

E Benson Rd
I-229 SB Ramps

Fax:

E Benson Rd & I-229 SB Ramps
Sioux Falls, SD

ANALYSIS

Intersection Orientation: EW Study period (hrs): 0.25
Vehicle Volumes and Adjustments

Major Street Movements 1 2 3 4 5 6

L T R L T R
Volume 1180 1160 170 1060
Peak-Hour Factor, PHF 0.93 0.93 0.93 0.93
Peak-15 Minute Volume 317 312 46 285
Hourly Flow Rate, HFR 1268 1247 182 1139
Percent Heavy Vehicles - - 6 - -
Median Type/Storage Undivided /
RT Channelized?
Lanes 2 0 1 2
Configuration T TR T
Upstream Signal? Yes Yes
Minor Street Movements 7 8 9 10 11 12

L T R L T R
Volume 40 0 70
Peak Hour Factor, PHF 0.93 0.93 0.93
Peak-15 Minute Volume 11 0 19
Hourly Flow Rate, HFR 43 0 75
Percent Heavy Vehicles 6 6 6
Percent Grade (%) 0 0
Flared Approach: Exists?/Storage / No
RT Channelized?
Lanes 1 1 0
Configuration TR

Movements

13 14

15

Pedestrian Volumes and Adjustments

16

Flow (ped/hr)



Lane Width (ft) 12.0 12.0 12.0 12.0
Walking Speed (ft/sec) 4.0 4.0 4.0 4.0
Percent Blockage 0 0 0 0

Upstream Signal Data

Prog. Sat Arrival Green Cycle Prog. Distance

Flow Flow Type Time Length Speed to Signal
vph vph sec sec mph feet
S2 Left-Turn 0 1800 3 0 77 40 1950
Through 1370 1800 3 35 77 40 1950
S5 Left-Turn 0 1800 3 0 20 40 1050
Through 870 1800 3 4 20 40 1050

Worksheet 3-Data for Computing Effect of Delay to Major Street Vehicles

Movement 2

Movement 5

Shared 1n volume, major th vehicles:
Shared 1n volume, major rt vehicles:
Sat flow rate, major th vehicles:
Sat flow rate, major rt vehicles:
Number of major street through lanes:

Worksheet 4-Critical Gap and Follow-up Time Calculation

Critical Gap Calculation

Movement 1 4 7 8 9 10 11 12

L L L T R L T R
t (c, base) 4.1 7.5 6.5 6.2
t(c,hv) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
P (hv) 6 6 6 6
t(c,qg) 0.20 0.20 0.10 0.20 0.20 0.10
Percent Grade 0.00 0.00 0.00 0.00 0.00 0.00
t(3,1t) 0.00 0.70 0.00 0.00
t(c,T): 1l-stage 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2-stage 0.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
t(c) l-stage 4.2 6.9 6.6 6.3
2-stage

Follow-Up Time Calculations
Movement 1 4 7 8 9 10 11 12

L L L T R L T R
t (£, base) 2.20 3.50 4.00 3.30
t (£, HV) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
P (HV) 6 6 6 6
t(f) 2.3 3.6 4.1 3.4
Worksheet 5-Effect of Upstream Signals
Computation 1-Queue Clearance Time at Upstream Signal

Movement 2 Movement 5
V(t) V(l,prot) V(t) V(l,prot)

V prog 1370 0 870 0



Total Saturation Flow Rate, s (vph) 3600 3600 3600 3600
Arrival Type 3 3 3 3
Effective Green, g (sec) 35 0 4 0
Cycle Length, C (sec) 77 77 20 20

Rp (from Exhibit 16-11) 1.000 1.000 1.000 1.000
Proportion vehicles arriving on green P 0.455 0.000 0.200 0.000
g(gl) 16.0 0.0 3.9 0.
g(g2) 9.8 0.0 1.2 0.
g(q) 25.8 0.0 5.1 0.
Computation 2-Proportion of TWSC Intersection Time blocked

Movement 2

V(t)

V(l,prot)

Movement 5

V(t)

V(l,prot)

alpha

beta

Travel time, t(a) (sec)
Smoothing Factor, F

Proportion of conflicting flow, £

Max platooned flow, V(c,max)
Min platooned flow, V(c,min)
Duration of blocked period,
Proportion time blocked, p

t(p)

1.000
3215
2000
25.6

0.500
0.667
33.163
0.083

1.000
0
2000
0.0

0.333

1.000
1969
2000
0.0

0.500
0.667
17.857
0.144

1.000

0

2000
0.0
0.000