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EXECUTIVE SUMMARY 

 
The Interstate 229 (I-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 I-229 Exit 9 (Benson Road) Crossroad Corridor Study is a subset of the I-
229 MIS. 
 
This study assesses existing and future conditions at the I-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: 
 

•   Benson-1A.  NE Quadrant Loop + 3-Lane SB On-Ramp 

•   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 (I-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 I-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 I-229 Exit 9 (Benson Road) 
Corridor Study is a subset of the I-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 I-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 I-229 mainline, select interchanges and 
crossroads. 

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

3. Identify locations on I-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 I-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 I-229 MIS has been separated into six individual sub-studies.  The sub-studies 
include: 
 

• I-229 Corridor Study 

• I-229 Exit 3 (Minnesota Avenue) Crossroad Corridor Study 

• I-229 Exit 4 (Cliff Avenue) Crossroad Corridor Study 

• I-229 Exit 6 (10th Street) Crossroad Corridor Study 

• I-229 Exit 7 (Rice Street) Crossroad Corridor Study 

• I-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 I-229 
Exit 9 (Benson Road) Crossroad Corridor Study.   
 

Section 1.2 - Project Description / Study Area 
This study assesses existing and future conditions at the I-229 interchange at Exit 9 
(Benson Road) and along Benson Road from Cliff Avenue to Sycamore Avenue.  The 
I-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 I-229/I-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: 
 

• Cliff Avenue 

• Lewis Avenue 

• Potsdam Avenue 

• I-229 Southbound Ramp Terminal 

• I-229 Northbound Ramp Terminal 

• Hall Avenue 

• Sycamore Avenue
 

  



 

  P a g e  | 4 

Figure 1.  I-229 MIS Study Area Map 
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Figure 2.  Exit 9 (Benson Road) Study Area 

 
 

Section 1.3 - Purpose 
The purpose of this study is to address the traffic operations and safety concerns at the 
I-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: 
 

• Congestion at the Benson Road / I-229 interchange 

• Future growth along Benson Road east of I-229 

• Improved pedestrian connectivity 

• 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 I-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: 
 

• 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.   

• 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 I-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: 

• Ramp terminal intersections  
• Arterial intersections  
• 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 PM 
Benson Road & I-229 SB Ramp Terminal – Worst stop-controlled 
approach LOS LOS D  

Benson Road & Potsdam Avenue – Worst stop-controlled approach LOS LOS F LOS E 

Note: Acceptable threshold is LOS D for arterial intersections and LOS C for freeway, ramps, and 
ramp terminal intersections. 



670 395

(440) (520)

370 310

(445) (455)

1040 705

(885) (975)

115 75

(70) (150)

925 630

(815) (820)

(95) (330) (285) 260 (80) (140) (20) (305) 275 (70) (60) (5) (65) 300 (20) (50) (0) (20) (15) (0) (0) 0 (0) (25) (0) (0)

140 285 95 630 (325) 110 25 55 815 (330) 20 5 5 1300 (330) 105 0 5 1610 (350) 5 (5) 0 0 0 125 (20) 135 0 0

65 (95) 30 (40) 115 (45) 15 (15) 125 (40) 5 (5)

(120) 95 (65) 125 (15) 30 (165) 95 (145) 70 (10) 5 (30) 30

(560) 305 115 240 80 (850) 320 25 20 30 (1245) 310 25 5 75 (1225) 295 (40) 30 1495 0 15 (25) 25 5 0 5 (0) 0

(135) 50 (105) (345) (85) (15) 30 (35) (20) (85) (45) 45 (20) (5) (75) (325) (0) (10) (10) 15 (5) (0) (5) (0) 0

925 630

(815) (820)

310 1510

(1240) (335)

1235 2140

(2055) (1160)

140 245

(240) (165)

1095 1895

(1815) (995)

N
Not to Scale

Notes: 

1.     Operational analysis is based on volumes supplied by stakeholder agencies in the 
data collection phase of Sub-Study 1 and supplemented with additional counts in 
the spring of 2013.  Lane geometrics are based on aerial photography present at 
the time of data collection. 

2.     7:15 - 8:15 AM Peak Hour; 4:30 - 5:30 PM Peak Hour
3.     2012 ADT's are based on traffic counts taken by the Sioux Falls Public Works

Department and the South Dakota Department of Transportation 
4.     Worst case stop controlled approach Level of Service reported
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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 AM PM 

Benson Road & Potsdam Avenue – Worst stop-controlled 
approach LOS LOS F LOS F 

Benson Road & I-229 SB Ramp Terminal – Worst stop-controlled 
approach LOS LOS F LOS F 

Benson Road & I-229 NB Ramp Terminal LOS F  

Benson Road & Sycamore Avenue – Worst stop-controlled 
approach LOS LOS F LOS F 

Note: Acceptable threshold is LOS D for arterial intersections and LOS C for freeway, ramps, and 
ramp terminal intersections. 

  



1420 930

(1040) (1210)

390 480

(640) (590)

1810 1410

(1680) (1800)
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(110) (220)
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N
Not to Scale

Date
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2035 No-Build Conditions Traffic Operations Analysis
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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 30th, 2013 to introduce and receive feedback regarding the I-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 15th, 
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 Road Interchange 

• 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 Road Corridor 

• Benson-C1.  4-Lane Divided, WB 3rd lane from Lewis Avenue to I-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 
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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 I-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 

• Delay 

• 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 

• Wetlands and Waters  

• Threatened and Endangered Species 

• Section 4(f) and Section 6(f) Properties 

• Floodplain 

• 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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Table 3.  Preliminary Concepts Composite Comparative Assessment 

Preliminary Concept 
Traffic Assessment Environmental 

Impacts Cost ROW (acre) Queues Delay Travel 
Time 

Benson-1 
NE Quadrant Loop 

Very Good Good Good Medium/ 
potential 4(f) $10,200,000  11.3 

Benson-2* 
NE & NW Quadrant Loops 

Very Good Neutral Poor Medium/ 
potential 4(f) $14,400,000  11.3 

Benson-3 
NB to WB Flyover 

Poor(1) Good Good Medium/ 
potential 4(f) $14,900,000  11 

Benson-4 
Diverging Diamond 

Very Good Very Good Good Low $10,400,000  0 

Benson-C1 
4-Lane Divided with 3rd WB lane 
Lewis to NB I229 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.
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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 2nd, 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: 

Benson Road Interchange 

• 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 Road Corridor 

• Benson-C1.  4-Lane Divided, WB 3rd lane from Lewis Avenue to I-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 

• 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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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 

• Traffic Operations 

• Year of Failure  

• Noise 

• 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 

 
 
 
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 Savings 
ALTERNATIVE TOTAL USER COST1 USER COST SAVINGS2 

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 

1Total 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: 
 

• Existing and Preliminary project concept and geometry 

• 2012 and 2035 traffic volumes in the study area 

• The operational speed for I-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 

OF TRAFFIC 
COMPLEXITY 

ALLOWS FOR 
PHASED 

CONSTRUCTION 

ESTIMATED 
CONSTRUCTION 

TIME FRAME 
(MONTHS) 

Benson-1A Low Yes 6 
Benson-1B Lowest Yes 6 
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: 
 

• Driver/Public Perception 

• Construction Impacts 

• Traffic Operations & Safety 

• Property Impacts 

• Environmental 

• Pedestrians 

• 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: 
 

• 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)  



Table 8. Alternative Scenarios Evaluation Matrix
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CHAPTER 4 - SUMMARY AND NEXT STEPS 
 
The I-229 Exit 9 (Benson Road) Crossroad Corridor Study: 

• Identified existing and future traffic and safety issues and needs on the 
Study Area roadways. 

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

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

• Identified 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 I-229 Exit 9 
(Benson Road) Crossroad Corridor Study: 

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

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

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

• Prepare an Interchange Modification Report for the I-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. 

• Select a preferred option for each project. 

• Acquire right-of-way (where necessary). 

• Complete final design plans. 

• Construct project. 
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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/ln*) 

A 0-11 

B >11-18 

C >18-26 

D >26-35 

E >35-45 

F 
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 

LOS 
Density Range (pc/mi/ln*) 

Freeway Weaving Segments 
Weaving Segments on Multilane 

Highways or C-D Roadways 
A <10 <12 
B >10-20 >12-24 
C >20-28 >24-32 
D >28-35 >32-36 
E >35 >36 
F 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/ln*) 

A <10 
B >10-20 
C >20-28 
D >28-35 
E >35 
F 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 
(s/veh*) 

LOS by Volume-to-Capacity Ratio 
v/c ≤ 1.0 v/c > 1.0 

<10 A F 
>10-20 B F 
>20-35 C F 
>35-55 D F 
>55-80 E F 

>80 F F 
*	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 
(s/veh*) 

LOS by Volume-to-Capacity Ratio 
v/c ≤ 1.0 v/c > 1.0 

<10 A F 
>10-15 B F 
>15-25 C F 
>25-35 D F 
>35-50 E F 

>50 F F 
*	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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APPENDIX B2 -  

EXISTING HCS 2010 REPORTS 



                 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% queue 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+: 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: 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 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                     

______________________________________________________________________________ 

                                                                               

______________________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                                                                  

    Through                                                                    

S5  Left-Turn                                                                  

    Through                                                                    

______________________________________________________________________________ 

                                                                               

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

______________________________________________________________________________ 

                                           Movement 2     Movement 5           

______________________________________________________________________________ 

Shared ln volume, major th vehicles:         31             158                

Shared ln 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          1      4      7      8      9     10     11     12           

                  L      L      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,g)                         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,lt)          0.00   0.00   0.00   0.00   0.00   0.00   0.00   0.00         

t(c,T):  1-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)     1-stage 4.2    4.2    7.1    6.5    6.2    7.1    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)          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 (vph)                                            

Arrival Type                                                                   

Effective Green, g (sec)                                                       

Cycle Length, C (sec)                                                          

Rp (from Exhibit 16-11)                                                        

Proportion vehicles arriving on green P                                        

g(q1)                                                                          

g(q2)                                                                          

g(q)                                                                           

______________________________________________________________________________ 

Computation 2-Proportion of TWSC Intersection Time  blocked                    

                                            Movement 2        Movement 5       

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

______________________________________________________________________________ 

alpha                                                                          

beta                                                                           

Travel time, t(a) (sec)                                                        

Smoothing Factor, F                                                            

Proportion of conflicting flow, f                                              

Max platooned flow, V(c,max)                                                   

Min platooned flow, V(c,min)                                                   

Duration of blocked period, t(p)                                               

Proportion time blocked, p                    0.000             0.000          

______________________________________________________________________________ 

Computation 3-Platoon Event Periods     Result                                 

______________________________________________________________________________ 

p(2)                                    0.000                                  

p(5)                                    0.000                                  

p(dom)                                                                         

p(subo)                                                                        

Constrained or unconstrained?                                                  

______________________________________________________________________________ 

Proportion                                                                     

unblocked                  (1)             (2)             (3)                 

for minor              Single-stage         Two-Stage Process                  

movements, p(x)          Process        Stage I         Stage II               

______________________________________________________________________________ 

p(1)                                                                           

p(4)                                                                           

p(7)                                                                           

p(8)                                                                           

p(9)                                                                           

p(10)                                                                          

p(11)                                                                          

p(12)                                                                          

______________________________________________________________________________ 

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 c,x                  158    47     225    225    39     228    233    158    

s                                                                              

Px                                                                             

V c,u,x                                                                        

______________________________________________________________________________ 

C r,x                                                                          

C plat,x                                                                       

______________________________________________________________________________ 

Two-Stage Process                                                              

                     7               8              10              11         



              Stage1  Stage2  Stage1  Stage2  Stage1  Stage2  Stage1  Stage2   

______________________________________________________________________________ 

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                                                                              

y                                                                              

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                                                                              

y                                                                              

C t                                             724              717           

______________________________________________________________________________ 

                                                                               

Worksheet 8-Shared Lane Calculations                                           

______________________________________________________________________________ 

Movement                              7      8      9     10     11     12     

                                      L      T      R      L      T      R     

______________________________________________________________________________ 

Volume (vph)                         7      0      7      0      0      0      

Movement Capacity (vph)              724    667    1033   717    660    887    

Shared Lane Capacity (vph)                  851                                

______________________________________________________________________________ 



                                                                               

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% queue 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(il), Saturation flow rate for stream 2 or 5       1800           1800        

s(i2), Saturation flow rate for stream 3 or 6       1800           1800        

P*(oj)                                              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,1) 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% queue 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)              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                                                                  

    Through                                                                    

S5  Left-Turn                                                                  

    Through                                                                    

______________________________________________________________________________ 

                                                                               

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

______________________________________________________________________________ 

                                           Movement 2     Movement 5           

______________________________________________________________________________ 

Shared ln volume, major th vehicles:         27             23                 

Shared ln 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          1      4      7      8      9     10     11     12           

                  L      L      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,g)                         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,lt)          0.00   0.00   0.00   0.00   0.00   0.00   0.00   0.00         

t(c,T):  1-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)     1-stage 4.2    4.2    7.1    6.5    6.2    7.1    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)          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 (vph)                                            

Arrival Type                                                                   

Effective Green, g (sec)                                                       

Cycle Length, C (sec)                                                          

Rp (from Exhibit 16-11)                                                        

Proportion vehicles arriving on green P                                        

g(q1)                                                                          

g(q2)                                                                          

g(q)                                                                           

______________________________________________________________________________ 

Computation 2-Proportion of TWSC Intersection Time  blocked                    

                                            Movement 2        Movement 5       

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

______________________________________________________________________________ 

alpha                                                                          

beta                                                                           

Travel time, t(a) (sec)                                                        

Smoothing Factor, F                                                            

Proportion of conflicting flow, f                                              

Max platooned flow, V(c,max)                                                   

Min platooned flow, V(c,min)                                                   

Duration of blocked period, t(p)                                               

Proportion time blocked, p                    0.000             0.000          

______________________________________________________________________________ 

Computation 3-Platoon Event Periods     Result                                 

______________________________________________________________________________ 

p(2)                                    0.000                                  

p(5)                                    0.000                                  

p(dom)                                                                         

p(subo)                                                                        

Constrained or unconstrained?                                                  

______________________________________________________________________________ 

Proportion                                                                     

unblocked                  (1)             (2)             (3)                 

for minor              Single-stage         Two-Stage Process                  

movements, p(x)          Process        Stage I         Stage II               

______________________________________________________________________________ 

p(1)                                                                           

p(4)                                                                           

p(7)                                                                           

p(8)                                                                           

p(9)                                                                           

p(10)                                                                          

p(11)                                                                          

p(12)                                                                          

______________________________________________________________________________ 

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 c,x                  23     39     95     86     33     88     92     23     

s                                                                              

Px                                                                             

V c,u,x                                                                        

______________________________________________________________________________ 

C r,x                                                                          

C plat,x                                                                       

______________________________________________________________________________ 

Two-Stage Process                                                              

                     7               8              10              11         



              Stage1  Stage2  Stage1  Stage2  Stage1  Stage2  Stage1  Stage2   

______________________________________________________________________________ 

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                              7      8      9     10     11     12     

                                      L      T      R      L      T      R     

______________________________________________________________________________ 

Volume (vph)                         4      0      4      0      0      17     

Movement Capacity (vph)              867    796    1041   887    790    1054   

Shared Lane Capacity (vph)                  946                  1054          

______________________________________________________________________________ 



                                                                               

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                                867    796    1041   887    790    1054   

Volume                               4      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      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% queue 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     

______________________________________________________________________________ 

p(oj)                                               0.99           1.00        

v(il), Volume for stream 2 or 5                     27             23          

v(i2), Volume for stream 3 or 6                     12             0           

s(il), Saturation flow rate for stream 2 or 5       1800           1800        

s(i2), Saturation flow rate for stream 3 or 6       1800           1800        

P*(oj)                                              0.99           1.00        

d(M,LT), Delay for stream 1 or 4                    7.3            7.3         

N, Number of major street through lanes             1              1           

d(rank,1) Delay for stream 2 or 5                   0.1            0.0         

______________________________________________________________________________ 



HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

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 & I-229 NB RampsAnalysis Year 2013 Analysis Period 1> 7:15

File Name Existing_Benson_Rd_AM.xus

Project Description Existing 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 69 31 127 6 1496 0 13

Signal Information

Green

Yellow
Red

10.5 89.8 0.0 0.0 0.0 0.0

3.5 3.5 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7

Cycle, s 111.3 Reference Phase 2

Offset, s 0 Reference Point End

Uncoordinated Yes Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

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 4.1

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 3 8 18

Adjusted Flow Rate (v), veh/h 86 39 83 83 1870 16

Adjusted Saturation Flow Rate (s), veh/h/ln 1169 1617 1698 1671 1210 1439

Queue Service Time (gs), s 3.8 1.2 6.7 5.3 73.2 0.2

Cycle Queue Clearance Time (gc), s 10.5 1.2 6.7 5.3 73.2 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/ln (95th percentile) 6.2 0.9 4.1 4.1 19.1 0.1

Queue Storage Ratio (RQ) (95th percentile) 1.64 0.01 0.11 0.11 0.50 0.00

Uniform Delay (d1), s/veh 54.7 46.2 48.0 48.0 9.1 2.1

Incremental Delay (d2), s/veh 37.4 0.2 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 17.6 2.1

Level of Service (LOS) F D D D B A

Approach Delay, s/veh / LOS 78.0 E 51.1 D 17.5 B 0.0

Intersection Delay, s/veh / LOS 23.5 C

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

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 & I-229 NB RampsAnalysis Year 2013 Analysis Period 1> 4:30

File Name Existing_Benson_Rd_PM.xus

Project Description Existing 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 147 38 38 4 326 0 11

Signal Information

Green

Yellow
Red

4.4 5.2 0.0 0.0 0.0 0.0

3.5 3.5 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7

Cycle, s 20.6 Reference Phase 2

Offset, s 0 Reference Point End

Uncoordinated Yes Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

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 4.1

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 3 8 18

Adjusted Flow Rate (v), veh/h 158 41 23 23 351 12

Adjusted Saturation Flow Rate (s), veh/h/ln 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/ln (95th percentile) 0.5 0.0 0.1 0.1 0.4 0.0

Queue Storage Ratio (RQ) (95th percentile) 0.14 0.00 0.00 0.00 0.01 0.00

Uniform Delay (d1), s/veh 8.3 6.4 6.4 6.4 6.6 5.8

Incremental Delay (d2), 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 8.5 6.5 6.5 6.5 7.3 5.8

Level of Service (LOS) A A A A A A

Approach Delay, s/veh / LOS 8.1 A 6.5 A 7.2 A 0.0

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+: 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 & I-229 SB Ramps                             

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:   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                             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% queue 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+: 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: AM Peak                                                  

Intersection:         E Benson Rd & I-229 SB Ramps                             

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:   I-229 SB Ramps                                           

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            L  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                                       L      TR                  

______________________________________________________________________________ 

                                                                               

______________________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       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 ln volume, major th vehicles:                                           

Shared ln 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,g)                         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,lt)                 0.00                        0.70   0.00   0.00         

t(c,T):  1-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)     1-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(f,base)               2.20                        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      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(q1)                                    3.1      0.0      3.5      0.0        

g(q2)                                    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)                       33.163            17.857         

Smoothing Factor, F                           0.083             0.144          

Proportion of conflicting flow, f        1.000    1.000    1.000    1.000      

Max platooned flow, V(c,max)             924      0        1560     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(5)                                    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 II               

______________________________________________________________________________ 

p(1)                                                                           

p(4)                      1.000                                                

p(7)                                                                           

p(8)                                                                           

p(9)                                                                           

p(10)                     1.000                                                

p(11)                     1.000                                                

p(12)                     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 c,x                         485                         2102   2529   1006   

s                             3000                        3000   3000   3000   

Px                            1.000                       1.000  1.000  1.000  

V c,u,x                       485                         2102   2529   1006   

______________________________________________________________________________ 

C r,x                         1046                        42     26     282    

C plat,x                      1046                        42     26     282    

______________________________________________________________________________ 

Two-Stage Process                                                              

                     7               8              10              11         



              Stage1  Stage2  Stage1  Stage2  Stage1  Stage2  Stage1  Stage2   

______________________________________________________________________________ 

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                                                                              

y                                                                              

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                                                                              

y                                                                              

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                              7      8      9     10     11     12     

                                      L      T      R      L      T      R     

______________________________________________________________________________ 

C sep                                                     41     26     282    

Volume                                                    7      0      133    

Delay                                                                          

Q sep                                                                          

Q sep +1                                                                       

round (Qsep +1)                                                                

______________________________________________________________________________ 

n max                                                                          

C sh                                                                    282    

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)                    16                           7             133      

C(m) (vph)                 1046                         41            282      

v/c                        0.02                         0.17          0.47     

95% queue 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              

______________________________________________________________________________ 

                                                                               

Worksheet 11-Shared Major LT Impedance and Delay                               

______________________________________________________________________________ 

                                                 Movement 2     Movement 5     

______________________________________________________________________________ 

p(oj)                                               1.00           0.98        

v(il), Volume for stream 2 or 5                                                

v(i2), Volume for stream 3 or 6                                                

s(il), Saturation flow rate for stream 2 or 5                                  

s(i2), Saturation flow rate for stream 3 or 6                                  

P*(oj)                                                                         

d(M,LT), Delay for stream 1 or 4                                   8.5         

N, Number of major street through lanes                                        

d(rank,1) Delay for stream 2 or 5                                              

______________________________________________________________________________ 



                 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 SB Ramps                             

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:   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                             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% queue 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+: 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 & I-229 SB Ramps                             

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:   I-229 SB Ramps                                           

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            L  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                                       L      TR                  

______________________________________________________________________________ 

                                                                               

______________________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       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 ln volume, major th vehicles:                                           

Shared ln 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,g)                         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,lt)                 0.00                        0.70   0.00   0.00         

t(c,T):  1-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)     1-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(f,base)               2.20                        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      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(q1)                                    9.9      0.0      0.2      0.0        

g(q2)                                    3.1      0.0      0.0      0.0        

g(q)                                     13.0     0.0      0.2      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)                       33.163            17.857         

Smoothing Factor, F                           0.083             0.144          

Proportion of conflicting flow, f        1.000    1.000    1.000    1.000      

Max platooned flow, V(c,max)             2428     0        94       0          

Min platooned flow, V(c,min)             2000     2000     2000     2000       

Duration of blocked period, t(p)         7.2      0.0      0.0      0.0        

Proportion time blocked, p                    0.094             0.000          

______________________________________________________________________________ 

Computation 3-Platoon Event Periods     Result                                 

______________________________________________________________________________ 

p(2)                                    0.094                                  

p(5)                                    0.000                                  

p(dom)                                  0.094                                  

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 II               

______________________________________________________________________________ 

p(1)                                                                           

p(4)                      0.906                                                

p(7)                                                                           

p(8)                                                                           

p(9)                                                                           

p(10)                     0.906                                                

p(11)                     0.906                                                

p(12)                     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 c,x                         1492                        495    1900   187    

s                             3000                        3000   3000   3000   

Px                            0.906                       0.906  0.906  1.000  

V c,u,x                       1335                        235    1786   187    

______________________________________________________________________________ 

C r,x                         492                         721    77     841    

C plat,x                      446                         653    70     841    

______________________________________________________________________________ 

Two-Stage Process                                                              

                     7               8              10              11         



              Stage1  Stage2  Stage1  Stage2  Stage1  Stage2  Stage1  Stage2   

______________________________________________________________________________ 

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                                                                              

y                                                                              

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% queue 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(il), Saturation flow rate for stream 2 or 5                                  

s(i2), Saturation flow rate for stream 3 or 6                                  

P*(oj)                                                                         

d(M,LT), Delay for stream 1 or 4                                   13.4        

N, Number of major street through lanes                                        

d(rank,1) Delay for stream 2 or 5                                              

______________________________________________________________________________ 



                 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 & 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:  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% queue 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+: 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: AM 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                     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                     

______________________________________________________________________________ 

                                                                               

______________________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       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 ln volume, major th vehicles:                                           

Shared ln 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,g)                         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,lt)          0.00   0.00   0.00   0.00   0.00   0.00   0.00   0.00         

t(c,T):  1-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)     1-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(q1)                                    3.1      0.0      3.5      0.0        

g(q2)                                    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, f        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(5)                                    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 II               

______________________________________________________________________________ 

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(11)                     1.000                                                

p(12)                     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 c,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         



              Stage1  Stage2  Stage1  Stage2  Stage1  Stage2  Stage1  Stage2   

______________________________________________________________________________ 

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                               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            

______________________________________________________________________________ 

Result for 2 stage process:                                                    

a                                                                              

y                                                                              

C t                                             14               18            

Probability of Queue free St.                   0.50             0.61          

______________________________________________________________________________ 

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                               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             

______________________________________________________________________________ 

Results for Two-stage process:                                                 

a                                                                              

y                                                                              

C t                                             38               8             

______________________________________________________________________________ 

                                                                               

Worksheet 8-Shared Lane Calculations                                           

______________________________________________________________________________ 

Movement                              7      8      9     10     11     12     

                                      L      T      R      L      T      R     

______________________________________________________________________________ 

Volume (vph)                         31     7      93     7      7      23     

Movement Capacity (vph)              38     14     819    8      18     293    

Shared Lane Capacity (vph)                         163           28            

______________________________________________________________________________ 



                                                                               

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                                38     14     819    8      18     293    

Volume                               31     7      93     7      7      23     

Delay                                                                          

Q sep                                                                          

Q sep +1                                                                       

round (Qsep +1)                                                                

______________________________________________________________________________ 

n max                                                                          

C sh                                               163           28            

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      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% queue 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              

______________________________________________________________________________ 

                                                                               

Worksheet 11-Shared Major LT Impedance and Delay                               

______________________________________________________________________________ 

                                                 Movement 2     Movement 5     

______________________________________________________________________________ 

p(oj)                                               0.86           0.87        

v(il), Volume for stream 2 or 5                                                

v(i2), Volume for stream 3 or 6                                                

s(il), Saturation flow rate for stream 2 or 5                                  

s(i2), Saturation flow rate for stream 3 or 6                                  

P*(oj)                                                                         

d(M,LT), Delay for stream 1 or 4                    20.7           8.8         

N, Number of major street through lanes                                        

d(rank,1) Delay for stream 2 or 5                                              

______________________________________________________________________________ 



                 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 & 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:  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     12       

Lane Config         L      L   |  L             TR   |         LTR             

______________________________________________________________________________ 

v (vph)             17     47     23            86             136             

C(m) (vph)          1148   511    64            456            242             

v/c                 0.01   0.09   0.36          0.19           0.56            

95% queue 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 ln volume, major th vehicles:                                           

Shared ln 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,g)                         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,lt)          0.00   0.00   0.00   0.00   0.00   0.00   0.00   0.00         

t(c,T):  1-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)     1-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                                   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(q1)                                    9.9      0.0      0.2      0.0        

g(q2)                                    3.1      0.0      0.0      0.0        

g(q)                                     13.0     0.0      0.2      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, f        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(5)                                    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 II               

______________________________________________________________________________ 

p(1)                      1.000                                                

p(4)                      0.863                                                

p(7)                      0.863                                                

p(8)                      0.863                                                

p(9)                      0.863                                                

p(10)                     0.863                                                

p(11)                     0.863                                                

p(12)                     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 c,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         



              Stage1  Stage2  Stage1  Stage2  Stage1  Stage2  Stage1  Stage2   

______________________________________________________________________________ 

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      8      9     10     11     12     

                                      L      T      R      L      T      R     

______________________________________________________________________________ 

C sep                                64     72     616    160    71     850    

Volume                               23     4      82     69     4      63     

Delay                                                                          

Q sep                                                                          

Q sep +1                                                                       

round (Qsep +1)                                                                

______________________________________________________________________________ 

n max                                                                          

C sh                                               456           242           

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      L             TR             LTR            

______________________________________________________________________________ 

v (vph)             17     47     23            86             136             

C(m) (vph)          1148   511    64            456            242             

v/c                 0.01   0.09   0.36          0.19           0.56            

95% queue 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              

______________________________________________________________________________ 

                                                                               

Worksheet 11-Shared Major LT Impedance and Delay                               

______________________________________________________________________________ 

                                                 Movement 2     Movement 5     

______________________________________________________________________________ 

p(oj)                                               0.99           0.91        

v(il), Volume for stream 2 or 5                                                

v(i2), Volume for stream 3 or 6                                                

s(il), Saturation flow rate for stream 2 or 5                                  

s(i2), Saturation flow rate for stream 3 or 6                                  

P*(oj)                                                                         

d(M,LT), Delay for stream 1 or 4                    8.2            12.8        

N, Number of major street through lanes                                        

d(rank,1) Delay for stream 2 or 5                                              

______________________________________________________________________________ 



HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

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

Demand Information EB WB NB SB

Approach Movement L T R L T R L T R L T R

Demand (v), veh/h 127 321 31 31 817 277 25 19 31 57 25 108

Signal Information

Green

Yellow

Red

2.1 3.2 33.9 1.9 1.2 7.8

3.9 0.0 3.9 3.6 0.0 3.6

1.0 0.0 2.2 1.0 0.0 2.3

Cycle, s 71.5 Reference Phase 2

Offset, s 0 Reference Point End

Uncoordinated Yes Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

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 4.3 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/ln 1617 1698 1645 1617 1617 1439 1681 1588 1632 1765 1496

Queue Service Time (gs), s 3.5 5.2 5.3 0.9 17.4 11.9 1.3 2.6 1.5 1.1 6.2

Cycle Queue Clearance Time (gc), s 3.5 5.2 5.3 0.9 17.4 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) 0.514 0.253 0.255 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/ln (95th percentile) 2.0 3.2 3.1 0.5 7.4 4.9 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 11.7 9.6 9.6 9.1 14.5 13.0 34.6 29.6 33.5 27.9 30.1

Incremental Delay (d2), s/veh 1.3 0.7 0.7 0.0 0.6 0.7 19.7 1.3 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 10.2 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 11.0 B 14.6 B 38.7 D 34.7 C

Intersection Delay, s/veh / LOS 16.7 B

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.2 B 2.5 B 3.0 C 2.8 C

Bicycle LOS Score / LOS 1.0 A 1.6 A 0.6 A 0.9 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

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

Demand Information EB WB NB SB

Approach Movement L T R L T R L T R L T R

Demand (v), veh/h 65 849 17 38 332 71 33 22 87 306 22 141

Signal Information

Green

Yellow

Red

2.3 0.8 33.9 2.1 3.8 8.3

3.9 0.0 3.9 3.6 3.6 3.6

1.0 0.0 2.2 1.0 1.0 2.3

Cycle, s 77.3 Reference Phase 2

Offset, s 0 Reference Point End

Uncoordinated Yes Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

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 4.4 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/ln 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 1.8 16.2 16.2 1.1 5.4 2.4 1.6 5.7 7.5 0.8 6.8

Green Ratio (g/C) 0.48 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 0.154 0.252 0.121 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/ln (95th percentile) 1.1 9.6 9.6 0.6 3.3 1.4 1.7 4.1 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 11.2 16.2 16.2 13.3 13.7 12.9 37.3 33.4 32.1 24.1 26.5

Incremental Delay (d2), s/veh 0.1 2.8 2.9 0.2 0.4 0.3 22.5 5.5 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 11.3 19.1 19.1 13.5 14.1 13.2 59.8 38.9 34.5 24.2 27.5

Level of Service (LOS) B B B B B B E D C C C

Approach Delay, s/veh / LOS 18.5 B 13.9 B 43.8 D 31.9 C

Intersection Delay, s/veh / LOS 22.5 C

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.3 B 2.6 B 3.0 C 2.8 C

Bicycle LOS Score / LOS 1.3 A 0.9 A 0.7 A 1.3 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

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

Demand Information EB WB NB SB

Approach Movement 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

Green

Yellow

Red

3.0 44.5 8.0 32.5 0.0 0.0

3.0 3.5 3.0 3.5 0.0 0.0

1.0 2.0 1.0 2.0 0.0 0.0

Cycle, s 107.0 Reference Phase 2

Offset, s 0 Reference Point Begin

Uncoordinated Yes Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

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 7.1 11.8

Green Extension Time (ge), s 0.0 7.1 0.0 4.5 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/ln 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 32.7 32.8 6.2 7.3 5.5 5.1 8.9 9.8

Cycle Queue Clearance Time (gc), s 3.0 9.5 9.7 3.0 32.7 32.8 6.2 7.3 5.5 5.1 8.9 9.8

Green Ratio (g/C) 0.44 0.42 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) 0.749 0.318 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/ln (95th percentile) 5.3 6.9 6.7 2.1 19.0 17.5 4.7 5.3 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 33.9 21.0 21.1 18.2 27.8 27.8 23.2 28.5 27.9 22.7 29.0 29.4

Incremental Delay (d2), s/veh 27.5 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 61.4 22.2 22.4 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 30.5 C 34.6 C 28.4 C 29.5 C

Intersection Delay, s/veh / LOS 31.6 C

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.9 C 2.9 C 2.8 C 2.8 C

Bicycle LOS Score / LOS 0.9 A 1.5 A 0.9 A 1.0 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

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

Demand Information EB WB NB SB

Approach Movement 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 97

Signal Information

Green

Yellow

Red

3.0 44.5 8.0 32.5 0.0 0.0

3.0 3.5 3.0 3.5 0.0 0.0

1.0 2.0 1.0 2.0 0.0 0.0

Cycle, s 107.0 Reference Phase 2

Offset, s 0 Reference Point Begin

Uncoordinated Yes Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

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 4.1 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/ln 1617 1698 1584 1617 1698 1581 1664 1664 1481 1664 1664 1481

Queue Service Time (gs), s 3.0 18.4 18.5 3.0 9.6 9.8 4.8 9.3 5.0 8.0 9.0 5.6

Cycle Queue Clearance Time (gc), s 3.0 18.4 18.5 3.0 9.6 9.8 4.8 9.3 5.0 8.0 9.0 5.6

Green Ratio (g/C) 0.44 0.42 0.42 0.44 0.42 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 0.549 0.392 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/ln (95th percentile) 2.3 12.1 11.6 2.1 7.0 6.7 3.6 6.8 3.4 9.5 6.5 3.8

Queue Storage Ratio (RQ) (95th percentile) 0.30 0.32 0.30 0.36 0.07 0.07 0.31 0.17 0.34 1.22 0.17 0.32

Uniform Delay (d1), s/veh 22.2 23.6 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 2.3 3.0 3.3 4.1 1.1 1.2 2.0 1.0 1.0 17.6 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 24.4 26.7 26.9 27.8 22.2 22.4 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 26.4 C 23.3 C 28.9 C 37.8 D

Intersection Delay, s/veh / LOS 29.5 C

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.9 C 2.9 C 2.8 C 2.8 C

Bicycle LOS Score / LOS 1.2 A 0.9 A 1.0 A 1.1 A
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FREEWAY WEAVING WORKSHEET

General Information Site Information

Analyst JKM 
Agency/Company HDR 
Date Performed 12/6/2013 
Analysis Time Period AM Peak 

Freeway/Dir of Travel I-229 Northbound 
Weaving Segment Location Rice to Benson 
Analysis Year 2013 

Project Description  I-229 MIS 

Inputs

Weaving configuration One-Sided 
Weaving number of lanes, N 3 

Weaving segment length, LS 4510ft

Freeway free-flow speed, FFS 72 mph 

Segment type Freeway 

Freeway minimum speed, S
MIN 15 

Freeway maximum capacity, C
IFL 2400 

Terrain type Level 

Conversions to pc/h Under Base Conditions

V (veh/h) PHF Truck (%) RV (%) E T E R f
HV fp v (pc/h)

VFF 441  0.80  9  0  1.5  1.2  0.957  1.00  576  

VRF 191  0.80  6  0  1.5  1.2  0.971  1.00  246  

VFR 1456  0.80  6  0  1.5  1.2  0.971  1.00  1875  

VRR 53  0.80  6  0  1.5  1.2  0.971  1.00  68  

VNW 644 V = 2646  

VW 2121  

VR 0.767  

Configuration Characteristics

Minimum maneuver lanes, NWL 2 lc

Interchange density, ID 1.0 int/mi

Minimum RF lane changes, LC
RF 1 lc/pc

Minimum FR lane changes, LC
FR 0 lc/pc

Minimum RR lane changes, LC
RR lc/pc

Minimum weaving lane changes, LC
MIN 246 lc/h

Weaving lane changes, LC
W 643 lc/h

Non-weaving lane changes, LC
NW 1999 lc/h

Total lane changes, LC
ALL 2642 lc/h

Non-weaving vehicle index, I
NW 290 

Weaving Segment Speed, Density, Level of Service, and Capacity

Weaving segment flow rate, v 2646 veh/h

Weaving segment capacity, c
w 2994 veh/h

Weaving segment v/c ratio 0.884 

Weaving segment density, D 14.2 pc/mi/ln

Level of Service, LOS  B  

Weaving intensity factor, W 0.148 

Weaving segment speed, S 64.9 mph

Average weaving speed, S
W 64.6 mph

Average non-weaving speed, S
NW 65.8 mph

Maximum weaving length, L
MAX 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

General Information Site Information

Analyst JKM 
Agency/Company HDR 
Date Performed 12/6/2013 
Analysis Time Period PM Peak 

Freeway/Dir of Travel I-229 Northbound 
Weaving Segment Location Rice to Benson 
Analysis Year 2013 

Project Description  I-229 MIS 

Inputs

Weaving configuration One-Sided 
Weaving number of lanes, N 3 

Weaving segment length, LS 4510ft

Freeway free-flow speed, FFS 72 mph 

Segment type Freeway 

Freeway minimum speed, S
MIN 15 

Freeway maximum capacity, C
IFL 2400 

Terrain type Level 

Conversions to pc/h Under Base Conditions

V (veh/h) PHF Truck (%) RV (%) E T E R f
HV fp v (pc/h)

VFF 684  0.93  7  0  1.5  1.2  0.966  1.00  761  

VRF 138  0.93  6  0  1.5  1.2  0.971  1.00  153  

VFR 311  0.93  6  0  1.5  1.2  0.971  1.00  344  

VRR 26  0.93  6  0  1.5  1.2  0.971  1.00  29  

VNW 790 V = 1244  

VW 497  

VR 0.386  

Configuration Characteristics

Minimum maneuver lanes, NWL 2 lc

Interchange density, ID 1.0 int/mi

Minimum RF lane changes, LC
RF 1 lc/pc

Minimum FR lane changes, LC
FR 0 lc/pc

Minimum RR lane changes, LC
RR lc/pc

Minimum weaving lane changes, LC
MIN 153 lc/h

Weaving lane changes, LC
W 550 lc/h

Non-weaving lane changes, LC
NW 2029 lc/h

Total lane changes, LC
ALL 2579 lc/h

Non-weaving vehicle index, I
NW 356 

Weaving Segment Speed, Density, Level of Service, and Capacity

Weaving segment flow rate, v 1244 veh/h

Weaving segment capacity, c
w 6005 veh/h

Weaving segment v/c ratio 0.207 

Weaving segment density, D 6.4 pc/mi/ln

Level of Service, LOS  A  

Weaving intensity factor, W 0.145 

Weaving segment speed, S 67.2 mph

Average weaving speed, S
W 64.8 mph

Average non-weaving speed, S
NW 68.8 mph

Maximum weaving length, L
MAX 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 SEGMENTS WORKSHEET

General Information Site Information 

Analyst JKM Highway/Direction of Travel I-229 Northbound 

Agency or Company HDR From/To
Benson On-Ramp to Off-
Ramp 

Date Performed 11/19/2013 Jurisdiction Sioux Falls 
Analysis Time Period AM Peak Analysis Year 2013 

Project Description  I-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, PT 8 

Peak-Hr Prop. of AADT, K %RVs, PR 0 

Peak-Hr Direction Prop, D General Terrain: Level 

DDHV = AADT x K x D veh/h Grade      %       Length mi 

                     Up/Down %

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 E
T 1.5  f

HV
 = 1/[1+P

T
(E

T
- 1) + P

R
(E

R
- 1)] 0.962 

Speed Inputs Calc Speed Adj and FFS

Lane Width ft 

Rt-Side Lat. Clearance ft 

Number of Lanes, N 2 

Total Ramp Density, TRD ramps/mi 

FFS (measured) 72.0 mph 

Base free-flow Speed, 
BFFS

mph 

 fLW mph 

 f
LC mph 

 TRD Adjustment mph 

 FFS 72.0 mph 

LOS and Performance Measures Design (N)

Operational (LOS)

v
p 

= (V or DDHV) / (PHF x N x f
HV

x fp)
411 pc/h/ln

S 70.0 mph 

D = vp / S 5.9 pc/mi/ln 

LOS A 

Design (N) 

Design LOS

vp = (V or DDHV) / (PHF x N x fHV

x fp)
pc/h/ln

S mph 

D = vp / S pc/mi/ln 

Required Number of Lanes, N

Glossary Factor Location

N  - Number of lanes                 S   - Speed

V   - Hourly volume                   D   - Density

v
p

- Flow rate                          FFS - Free-flow speed

LOS   - Level of service            BFFS - Base free-flow 
speed

DDHV - Directional design hour volume  

ER - Exhibits 11-10, 11-12       fLW - Exhibit 11-8

ET - Exhibits 11-10, 11-11, 11-13       fLC - Exhibit 11-9

f
p

- Page 11-18       TRD - Page 11-11

LOS, S, FFS, vp - Exhibits 11-2, 

11-3 
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BASIC FREEWAY SEGMENTS WORKSHEET

General Information Site Information 

Analyst JKM Highway/Direction of Travel I-229 Northbound 

Agency or Company HDR From/To
Benson On-Ramp to Off-
Ramp 

Date Performed 11/19/2013 Jurisdiction Sioux Falls 
Analysis Time Period PM Peak Analysis Year 2013 

Project Description  I-229 MIS 

Oper.(LOS) Des.(N) Planning Data 

Flow Inputs

Volume, V 822 veh/h Peak-Hour Factor, PHF 0.93 

 AADT veh/day %Trucks and Buses, PT 7 

Peak-Hr Prop. of AADT, K %RVs, PR 0 

Peak-Hr Direction Prop, D General Terrain: Level 

DDHV = AADT x K x D veh/h Grade      %       Length mi 

                     Up/Down %

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 E
T 1.5  f

HV
 = 1/[1+P

T
(E

T
- 1) + P

R
(E

R
- 1)] 0.966 

Speed Inputs Calc Speed Adj and FFS

Lane Width ft 

Rt-Side Lat. Clearance ft 

Number of Lanes, N 2 

Total Ramp Density, TRD ramps/mi 

FFS (measured) 72.0 mph 

Base free-flow Speed, 
BFFS

mph 

 fLW mph 

 f
LC mph 

 TRD Adjustment mph 

 FFS 72.0 mph 

LOS and Performance Measures Design (N)

Operational (LOS)

v
p 

= (V or DDHV) / (PHF x N x f
HV

x fp)
457 pc/h/ln

S 70.0 mph 

D = vp / S 6.5 pc/mi/ln 

LOS A 

Design (N) 

Design LOS

vp = (V or DDHV) / (PHF x N x fHV

x fp)
pc/h/ln

S mph 

D = vp / S pc/mi/ln 

Required Number of Lanes, N

Glossary Factor Location

N  - Number of lanes                 S   - Speed

V   - Hourly volume                   D   - Density

v
p

- Flow rate                          FFS - Free-flow speed

LOS   - Level of service            BFFS - Base free-flow 
speed

DDHV - Directional design hour volume  

ER - Exhibits 11-10, 11-12       fLW - Exhibit 11-8

ET - Exhibits 11-10, 11-11, 11-13       fLC - Exhibit 11-9

f
p

- Page 11-18       TRD - Page 11-11

LOS, S, FFS, vp - Exhibits 11-2, 

11-3 
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RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information                                          Site Information 

Analyst JKM Freeway/Dir of Travel I-229 Northbound

Agency 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    I-229 MIS 

Inputs

Upstream Adj Ramp

Yes On

No Off

L
up

 =  ft 

V
u
 =  veh/h 

Freeway Number of Lanes, N 2 

Ramp Number of Lanes, N 1 

Acceleration Lane Length, L
A 1300 

Deceleration Lane Length L
D

Freeway Volume, V
F 632 

Ramp Volume, V
R 75 

Freeway Free-Flow Speed, S
FF 70.0 

Ramp Free-Flow Speed, S
FR 60.0 

Downstream Adj 
Ramp

Yes On

No Off

L
down

 =  ft 

VD =  veh/h

Conversion to pc/h Under Base Conditions

 (pc/h)
V

(Veh/hr)
PHF Terrain %Truck %Rv  f

HV
 f

p
v = V/PHF x f

HV
 x f

p

 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 v12 Estimation of v12

V
12

 = V
F
 ( P

FM
 )

L
EQ

 =   (Equation 13-6 or 13-7)

P
FM

 = 1.000   using Equation  (Exhibit 13-6) 

V
12

 = 826   pc/h 

V
3
 or V

av34 0   pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
  pc/h (Equation 13-16, 13-18, or 
13-19)

      V
12

 = V
R
 + (V

F
- V

R
)P

FD

L
EQ

 =   (Equation 13-12 or 13-13) 

P
FD

 =   using Equation (Exhibit 13-7) 

V
12

 =   pc/h 

V
3
 or V

av34    pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
  pc/h (Equation 13-16, 13-18, or 
13-19)

Capacity Checks Capacity Checks

Actual Capacity LOS F? Actual Capacity LOS F?

V
FO 923  Exhibit 13-8 No 

V
F Exhibit 13-8

V
FO

 = V
F

- V
R Exhibit 13-8

V
R

Exhibit 13-
10

Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation? 

V
R12 923   Exhibit 13-8 4600:All No V

12 Exhibit 13-8

Level of Service Determination (if not F) Level of Service Determination (if not F)

D
R
 = 5.475 + 0.00734 v 

R
 + 0.0078 V

12
- 0.00627 L

A

D
R
 = 4.5 (pc/mi/ln) 

LOS = A (Exhibit 13-2) 

D
R
 = 4.252 + 0.0086 V

12
- 0.009 L

D

D
R
 = (pc/mi/ln)

LOS = (Exhibit 13-2) 

Speed Determination Speed Determination

M
S
 = 0.175 (Exibit 13-11) 

S
R
= 65.1 mph (Exhibit 13-11) 

S
0
= N/A mph (Exhibit 13-11) 

S = 65.1 mph (Exhibit 13-13) 

D
s
 = (Exhibit 13-12) 

S
R
= mph (Exhibit 13-12) 

S
0
= mph (Exhibit 13-12) 

S = mph (Exhibit 13-13) 
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RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information                                          Site Information 

Analyst JKM Freeway/Dir of Travel I-229 Northbound

Agency 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    I-229 MIS 

Inputs

Upstream Adj Ramp

Yes On

No Off

L
up

 =  ft 

V
u
 =  veh/h 

Freeway Number of Lanes, N 2 

Ramp Number of Lanes, N 1 

Acceleration Lane Length, L
A 1300 

Deceleration Lane Length L
D

Freeway Volume, V
F 822 

Ramp Volume, V
R 151 

Freeway Free-Flow Speed, S
FF 70.0 

Ramp Free-Flow Speed, S
FR 60.0 

Downstream Adj 
Ramp

Yes On

No Off

L
down

 =  ft 

VD =  veh/h

Conversion to pc/h Under Base Conditions

 (pc/h)
V

(Veh/hr)
PHF Terrain %Truck %Rv  f

HV
 f

p
v = V/PHF x f

HV
 x f

p

 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 v12 Estimation of v12

V
12

 = V
F
 ( P

FM
 )

L
EQ

 =   (Equation 13-6 or 13-7)

P
FM

 = 1.000   using Equation  (Exhibit 13-6) 

V
12

 = 924   pc/h 

V
3
 or V

av34 0   pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
  pc/h (Equation 13-16, 13-18, or 
13-19)

      V
12

 = V
R
 + (V

F
- V

R
)P

FD

L
EQ

 =   (Equation 13-12 or 13-13) 

P
FD

 =   using Equation (Exhibit 13-7) 

V
12

 =   pc/h 

V
3
 or V

av34    pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
  pc/h (Equation 13-16, 13-18, or 
13-19)

Capacity Checks Capacity Checks

Actual Capacity LOS F? Actual Capacity LOS F?

V
FO 1091  Exhibit 13-8 No 

V
F Exhibit 13-8

V
FO

 = V
F

- V
R Exhibit 13-8

V
R

Exhibit 13-
10

Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation? 

V
R12 1091   Exhibit 13-8 4600:All No V

12 Exhibit 13-8

Level of Service Determination (if not F) Level of Service Determination (if not F)

D
R
 = 5.475 + 0.00734 v 

R
 + 0.0078 V

12
- 0.00627 L

A

D
R
 = 5.8 (pc/mi/ln) 

LOS = A (Exhibit 13-2) 

D
R
 = 4.252 + 0.0086 V

12
- 0.009 L

D

D
R
 = (pc/mi/ln)

LOS = (Exhibit 13-2) 

Speed Determination Speed Determination

M
S
 = 0.177 (Exibit 13-11) 

S
R
= 65.1 mph (Exhibit 13-11) 

S
0
= N/A mph (Exhibit 13-11) 

S = 65.1 mph (Exhibit 13-13) 

D
s
 = (Exhibit 13-12) 

S
R
= mph (Exhibit 13-12) 

S
0
= mph (Exhibit 13-12) 

S = mph (Exhibit 13-13) 
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BASIC FREEWAY SEGMENTS WORKSHEET

General Information Site Information 

Analyst JKM Highway/Direction of Travel I-229 Northbound 
Agency or Company HDR From/To Benson On-Ramp to I-90 
Date Performed 11/19/2013 Jurisdiction Sioux Falls 
Analysis Time Period AM Peak Analysis Year 2013 

Project Description  I-229 MIS 

Oper.(LOS) Des.(N) Planning Data 

Flow Inputs

Volume, V 707 veh/h Peak-Hour Factor, PHF 0.80 

 AADT veh/day %Trucks and Buses, PT 8 

Peak-Hr Prop. of AADT, K %RVs, PR 0 

Peak-Hr Direction Prop, D General Terrain: Level 

DDHV = AADT x K x D veh/h Grade      %       Length mi 

                     Up/Down %

Calculate Flow Adjustments

 f
p 1.00  E

R 1.2 

 ET 1.5  fHV = 1/[1+PT(ET - 1) + PR(ER - 1)] 0.962 

Speed Inputs Calc Speed Adj and FFS

Lane Width ft 

Rt-Side Lat. Clearance ft 

Number of Lanes, N 2 

Total Ramp Density, TRD ramps/mi 

FFS (measured) 70.0 mph 

Base free-flow Speed, 
BFFS

mph 

 f
LW mph 

 fLC mph 

 TRD Adjustment mph 

 FFS 70.0 mph 

LOS and Performance Measures Design (N)

Operational (LOS)

v
p 

= (V or DDHV) / (PHF x N x f
HV

x fp)
460 pc/h/ln

S 70.0 mph 

D = vp / S 6.6 pc/mi/ln 

LOS A 

Design (N) 

Design LOS

vp = (V or DDHV) / (PHF x N x fHV

x fp)
pc/h/ln

S mph 

D = vp / S pc/mi/ln 

Required Number of Lanes, N

Glossary Factor Location

N  - Number of lanes                 S   - Speed

V   - Hourly volume                   D   - Density

vp - Flow rate                          FFS - Free-flow speed

LOS   - Level of service            BFFS - Base free-flow 
speed

DDHV - Directional design hour volume  

ER - Exhibits 11-10, 11-12       fLW - Exhibit 11-8

ET - Exhibits 11-10, 11-11, 11-13       fLC - Exhibit 11-9

fp - Page 11-18       TRD - Page 11-11

LOS, S, FFS, v
p

- Exhibits 11-2, 

11-3 
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BASIC FREEWAY SEGMENTS WORKSHEET

General Information Site Information 

Analyst JKM Highway/Direction of Travel I-229 Northbound 
Agency or Company HDR From/To Benson On-Ramp to I-90 
Date Performed 11/19/2013 Jurisdiction Sioux Falls 
Analysis Time Period PM Peak Analysis Year 2013 

Project Description  I-229 MIS 

Oper.(LOS) Des.(N) Planning Data 

Flow Inputs

Volume, V 973 veh/h Peak-Hour Factor, PHF 0.93 

 AADT veh/day %Trucks and Buses, PT 8 

Peak-Hr Prop. of AADT, K %RVs, PR 0 

Peak-Hr Direction Prop, D General Terrain: Level 

DDHV = AADT x K x D veh/h Grade      %       Length mi 

                     Up/Down %

Calculate Flow Adjustments

 f
p 1.00  E

R 1.2 

 ET 1.5  fHV = 1/[1+PT(ET - 1) + PR(ER - 1)] 0.962 

Speed Inputs Calc Speed Adj and FFS

Lane Width ft 

Rt-Side Lat. Clearance ft 

Number of Lanes, N 2 

Total Ramp Density, TRD ramps/mi 

FFS (measured) 70.0 mph 

Base free-flow Speed, 
BFFS

mph 

 f
LW mph 

 fLC mph 

 TRD Adjustment mph 

 FFS 70.0 mph 

LOS and Performance Measures Design (N)

Operational (LOS)

v
p 

= (V or DDHV) / (PHF x N x f
HV

x fp)
544 pc/h/ln

S 70.0 mph 

D = vp / S 7.8 pc/mi/ln 

LOS A 

Design (N) 

Design LOS

vp = (V or DDHV) / (PHF x N x fHV

x fp)
pc/h/ln

S mph 

D = vp / S pc/mi/ln 

Required Number of Lanes, N

Glossary Factor Location

N  - Number of lanes                 S   - Speed

V   - Hourly volume                   D   - Density

vp - Flow rate                          FFS - Free-flow speed

LOS   - Level of service            BFFS - Base free-flow 
speed

DDHV - Directional design hour volume  

ER - Exhibits 11-10, 11-12       fLW - Exhibit 11-8

ET - Exhibits 11-10, 11-11, 11-13       fLC - Exhibit 11-9

fp - Page 11-18       TRD - Page 11-11

LOS, S, FFS, v
p

- Exhibits 11-2, 

11-3 
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RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information                                          Site Information 

Analyst GHM Freeway/Dir of Travel I-229 Northbound

Agency or Company HDR Junction I-90 Off-Ramp

Date Performed 10/30/2014 Jurisdiction Sioux Falls

Analysis Time Period AM Peak Analysis Year 2013

Project Description    I-229 MIS 

Inputs

Upstream Adj Ramp

Yes On

No Off

L
up

 =  ft 

Vu =  veh/h 

Freeway Number of Lanes, N 2 

Ramp Number of Lanes, N 1 

Acceleration Lane Length, L
A

Deceleration Lane Length L
D 600 

Freeway Volume, V
F 707 

Ramp Volume, VR 311 

Freeway Free-Flow Speed, S
FF 70.0 

Ramp Free-Flow Speed, S
FR 60.0 

Downstream Adj 
Ramp

Yes On

No Off

L
down

 =  ft 

VD =  veh/h

Conversion to pc/h Under Base Conditions

 (pc/h)
V

(Veh/hr)
PHF Terrain %Truck %Rv  f

HV
 f

p
v = V/PHF x f

HV
 x f

p

 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 v12 Estimation of v12

V12 = VF ( PFM )

L
EQ

 =  (Equation 13-6 or 13-7)

P
FM

 =  using Equation   (Exhibit 13-6) 

V12 =  pc/h 

V
3
 or V

av34  pc/h (Equation 13-14 or 13-17)

 Is V3 or Vav34 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
 pc/h (Equation 13-16, 13-18, or 
13-19)

      V12 = VR + (VF - VR)PFD

L
EQ

 =  (Equation 13-12 or 13-13) 

PFD = 1.000  using Equation (Exhibit 13-7) 

V
12

 = 924  pc/h 

V3 or Vav34 0  pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V12a =
 pc/h (Equation 13-16, 13-18, or 13-
19)

Capacity Checks Capacity Checks

Actual Capacity LOS F? Actual Capacity LOS F?

VFO  Exhibit 13-8

VF 924 Exhibit 13-8 4800 No

VFO = VF - VR 518 Exhibit 13-8 4800 No

VR 406 Exhibit 13-10 2200 No

Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation? 

V
R12  Exhibit 13-8 V

12 924 Exhibit 13-8 4400:All No

Level of Service Determination (if not F) Level of Service Determination (if not F)

D
R
 = 5.475 + 0.00734 v 

R
 + 0.0078 V

12
- 0.00627 L

A

D
R
 = (pc/mi/ln)

LOS = (Exhibit 13-2) 

D
R
 = 4.252 + 0.0086 V

12
- 0.009 L

D

D
R

 = 6.8 (pc/mi/ln)

LOS = A (Exhibit 13-2) 

Speed Determination Speed Determination

M
S
 = (Exibit 13-11) 

S
R
= mph (Exhibit 13-11) 

S0= mph (Exhibit 13-11) 

S = mph (Exhibit 13-13) 

Ds = 0.140 (Exhibit 13-12) 

S
R
= 66.1 mph (Exhibit 13-12) 

S
0
= N/A mph (Exhibit 13-12) 

S = 66.1 mph (Exhibit 13-13) 

Copyright © 2013 University of Florida, All Rights Reserved     HCS2010
TM   Version 6.50 Generated:  1/10/2017    11:32 AM

Page 1 of 1RAMPS AND RAMP JUNCTIONS WORKSHEET

1/10/2017file:///C:/Users/gmenard/AppData/Local/Temp/r2k84B1.tmp



RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information                                          Site Information 

Analyst GHM Freeway/Dir of Travel I-229 Northbound

Agency or Company HDR Junction I-90 Off-Ramp

Date Performed 10/30/2014 Jurisdiction Sioux Falls

Analysis Time Period PM Peak Analysis Year 2013

Project Description    I-229 MIS 

Inputs

Upstream Adj Ramp

Yes On

No Off

L
up

 =  ft 

Vu =  veh/h 

Freeway Number of Lanes, N 2 

Ramp Number of Lanes, N 1 

Acceleration Lane Length, L
A

Deceleration Lane Length L
D 600 

Freeway Volume, V
F 973 

Ramp Volume, VR 456 

Freeway Free-Flow Speed, S
FF 70.0 

Ramp Free-Flow Speed, S
FR 60.0 

Downstream Adj 
Ramp

Yes On

No Off

L
down

 =  ft 

VD =  veh/h

Conversion to pc/h Under Base Conditions

 (pc/h)
V

(Veh/hr)
PHF Terrain %Truck %Rv  f

HV
 f

p
v = V/PHF x f

HV
 x f

p

 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 v12 Estimation of v12

V12 = VF ( PFM )

L
EQ

 =  (Equation 13-6 or 13-7)

P
FM

 =  using Equation   (Exhibit 13-6) 

V12 =  pc/h 

V
3
 or V

av34  pc/h (Equation 13-14 or 13-17)

 Is V3 or Vav34 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
 pc/h (Equation 13-16, 13-18, or 
13-19)

      V12 = VR + (VF - VR)PFD

L
EQ

 =  (Equation 13-12 or 13-13) 

PFD = 1.000  using Equation (Exhibit 13-7) 

V
12

 = 1093  pc/h 

V3 or Vav34 0  pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V12a =
 pc/h (Equation 13-16, 13-18, or 13-
19)

Capacity Checks Capacity Checks

Actual Capacity LOS F? Actual Capacity LOS F?

VFO  Exhibit 13-8

VF 1093 Exhibit 13-8 4800 No

VFO = VF - VR 581 Exhibit 13-8 4800 No

VR 512 Exhibit 13-10 2200 No

Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation? 

V
R12  Exhibit 13-8 V

12 1093 Exhibit 13-8 4400:All No

Level of Service Determination (if not F) Level of Service Determination (if not F)

D
R
 = 5.475 + 0.00734 v 

R
 + 0.0078 V

12
- 0.00627 L

A

D
R
 = (pc/mi/ln)

LOS = (Exhibit 13-2) 

D
R
 = 4.252 + 0.0086 V

12
- 0.009 L

D

D
R

 = 8.3 (pc/mi/ln)

LOS = A (Exhibit 13-2) 

Speed Determination Speed Determination

M
S
 = (Exibit 13-11) 

S
R
= mph (Exhibit 13-11) 

S0= mph (Exhibit 13-11) 

S = mph (Exhibit 13-13) 

Ds = 0.149 (Exhibit 13-12) 

S
R
= 65.8 mph (Exhibit 13-12) 

S
0
= N/A mph (Exhibit 13-12) 

S = 65.8 mph (Exhibit 13-13) 
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RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information                                          Site Information 

Analyst GHM Freeway/Dir of Travel I-229 Southbound

Agency or Company HDR Junction I-90 On-Ramp

Date Performed 10/30/2014 Jurisdiction Sioux Falls

Analysis Time Period AM Peak Analysis Year 2013

Project Description    I-229 MIS 

Inputs

Upstream Adj Ramp

Yes On

No Off

L
up

 =  ft 

V
u
 =  veh/h 

Freeway Number of Lanes, N 2 

Ramp Number of Lanes, N 1 

Acceleration Lane Length, L
A 950 

Deceleration Lane Length L
D

Freeway Volume, V
F 671 

Ramp Volume, V
R 369 

Freeway Free-Flow Speed, S
FF 69.0 

Ramp Free-Flow Speed, S
FR 59.0 

Downstream Adj 
Ramp

Yes On

No Off

L
down

 =  ft 

VD =  veh/h

Conversion to pc/h Under Base Conditions

 (pc/h)
V

(Veh/hr)
PHF Terrain %Truck %Rv  f

HV
 f

p
v = V/PHF x f

HV
 x f

p

 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 v12 Estimation of v12

V
12

 = V
F
 ( P

FM
 )

L
EQ

 =   (Equation 13-6 or 13-7)

P
FM

 = 1.000   using Equation  (Exhibit 13-6) 

V
12

 = 872   pc/h 

V
3
 or V

av34 0   pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
  pc/h (Equation 13-16, 13-18, or 
13-19)

      V
12

 = V
R
 + (V

F
- V

R
)P

FD

L
EQ

 =   (Equation 13-12 or 13-13) 

P
FD

 =   using Equation (Exhibit 13-7) 

V
12

 =   pc/h 

V
3
 or V

av34    pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
  pc/h (Equation 13-16, 13-18, or 
13-19)

Capacity Checks Capacity Checks

Actual Capacity LOS F? Actual Capacity LOS F?

V
FO 1352  Exhibit 13-8 No 

V
F Exhibit 13-8

V
FO

 = V
F

- V
R Exhibit 13-8

V
R

Exhibit 13-
10

Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation? 

V
R12 1352   Exhibit 13-8 4600:All No V

12 Exhibit 13-8

Level of Service Determination (if not F) Level of Service Determination (if not F)

D
R
 = 5.475 + 0.00734 v 

R
 + 0.0078 V

12
- 0.00627 L

A

D
R
 = 9.8 (pc/mi/ln) 

LOS = A (Exhibit 13-2) 

D
R
 = 4.252 + 0.0086 V

12
- 0.009 L

D

D
R
 = (pc/mi/ln)

LOS = (Exhibit 13-2) 

Speed Determination Speed Determination

M
S
 = 0.224 (Exibit 13-11) 

S
R
= 63.0 mph (Exhibit 13-11) 

S
0
= N/A mph (Exhibit 13-11) 

S = 63.0 mph (Exhibit 13-13) 

D
s
 = (Exhibit 13-12) 

S
R
= mph (Exhibit 13-12) 

S
0
= mph (Exhibit 13-12) 

S = mph (Exhibit 13-13) 
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RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information                                          Site Information 

Analyst GHM Freeway/Dir of Travel I-229 Southbound

Agency or Company HDR Junction I-90 On-Ramp

Date Performed 10/30/2014 Jurisdiction Sioux Falls

Analysis Time Period PM Peak Analysis Year 2013

Project Description    I-229 MIS 

Inputs

Upstream Adj Ramp

Yes On

No Off

L
up

 =  ft 

V
u
 =  veh/h 

Freeway Number of Lanes, N 2 

Ramp Number of Lanes, N 1 

Acceleration Lane Length, L
A 950 

Deceleration Lane Length L
D

Freeway Volume, V
F 438 

Ramp Volume, V
R 447 

Freeway Free-Flow Speed, S
FF 69.0 

Ramp Free-Flow Speed, S
FR 59.0 

Downstream Adj 
Ramp

Yes On

No Off

L
down

 =  ft 

VD =  veh/h

Conversion to pc/h Under Base Conditions

 (pc/h)
V

(Veh/hr)
PHF Terrain %Truck %Rv  f

HV
 f

p
v = V/PHF x f

HV
 x f

p

 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 v12 Estimation of v12

V
12

 = V
F
 ( P

FM
 )

L
EQ

 =   (Equation 13-6 or 13-7)

P
FM

 = 1.000   using Equation  (Exhibit 13-6) 

V
12

 = 490   pc/h 

V
3
 or V

av34 0   pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
  pc/h (Equation 13-16, 13-18, or 
13-19)

      V
12

 = V
R
 + (V

F
- V

R
)P

FD

L
EQ

 =   (Equation 13-12 or 13-13) 

P
FD

 =   using Equation (Exhibit 13-7) 

V
12

 =   pc/h 

V
3
 or V

av34    pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
  pc/h (Equation 13-16, 13-18, or 
13-19)

Capacity Checks Capacity Checks

Actual Capacity LOS F? Actual Capacity LOS F?

V
FO 990  Exhibit 13-8 No 

V
F Exhibit 13-8

V
FO

 = V
F

- V
R Exhibit 13-8

V
R

Exhibit 13-
10

Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation? 

V
R12 990   Exhibit 13-8 4600:All No V

12 Exhibit 13-8

Level of Service Determination (if not F) Level of Service Determination (if not F)

D
R
 = 5.475 + 0.00734 v 

R
 + 0.0078 V

12
- 0.00627 L

A

D
R
 = 7.0 (pc/mi/ln) 

LOS = A (Exhibit 13-2) 

D
R
 = 4.252 + 0.0086 V

12
- 0.009 L

D

D
R
 = (pc/mi/ln)

LOS = (Exhibit 13-2) 

Speed Determination Speed Determination

M
S
 = 0.219 (Exibit 13-11) 

S
R
= 63.1 mph (Exhibit 13-11) 

S
0
= N/A mph (Exhibit 13-11) 

S = 63.1 mph (Exhibit 13-13) 

D
s
 = (Exhibit 13-12) 

S
R
= mph (Exhibit 13-12) 

S
0
= mph (Exhibit 13-12) 

S = mph (Exhibit 13-13) 
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BASIC FREEWAY SEGMENTS WORKSHEET

General Information Site Information 

Analyst JKM Highway/Direction of Travel I-229 Southbound 
Agency or Company HDR From/To I-90 to Benson Off-Ramp 
Date Performed 11/19/2013 Jurisdiction Sioux Falls 
Analysis Time Period AM Peak Analysis Year 2013 

Project Description  I-229 MIS 

Oper.(LOS) Des.(N) Planning Data 

Flow Inputs

Volume, V 1040 veh/h Peak-Hour Factor, PHF 0.80 

 AADT veh/day %Trucks and Buses, PT 8 

Peak-Hr Prop. of AADT, K %RVs, PR 0 

Peak-Hr Direction Prop, D General Terrain: Level 

DDHV = AADT x K x D veh/h Grade      %       Length mi 

                     Up/Down %

Calculate Flow Adjustments

 f
p 1.00  E

R 1.2 

 ET 1.5  fHV = 1/[1+PT(ET - 1) + PR(ER - 1)] 0.962 

Speed Inputs Calc Speed Adj and FFS

Lane Width ft 

Rt-Side Lat. Clearance ft 

Number of Lanes, N 2 

Total Ramp Density, TRD ramps/mi 

FFS (measured) 69.0 mph 

Base free-flow Speed, 
BFFS

mph 

 f
LW mph 

 fLC mph 

 TRD Adjustment mph 

 FFS 69.0 mph 

LOS and Performance Measures Design (N)

Operational (LOS)

v
p 

= (V or DDHV) / (PHF x N x f
HV

x fp)
676 pc/h/ln

S 70.0 mph 

D = vp / S 9.7 pc/mi/ln 

LOS A 

Design (N) 

Design LOS

vp = (V or DDHV) / (PHF x N x fHV

x fp)
pc/h/ln

S mph 

D = vp / S pc/mi/ln 

Required Number of Lanes, N

Glossary Factor Location

N  - Number of lanes                 S   - Speed

V   - Hourly volume                   D   - Density

vp - Flow rate                          FFS - Free-flow speed

LOS   - Level of service            BFFS - Base free-flow 
speed

DDHV - Directional design hour volume  

ER - Exhibits 11-10, 11-12       fLW - Exhibit 11-8

ET - Exhibits 11-10, 11-11, 11-13       fLC - Exhibit 11-9

fp - Page 11-18       TRD - Page 11-11

LOS, S, FFS, v
p

- Exhibits 11-2, 

11-3 
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BASIC FREEWAY SEGMENTS WORKSHEET

General Information Site Information 

Analyst JKM Highway/Direction of Travel I-229 Southbound 
Agency or Company HDR From/To I-90 to Benson Off-Ramp 
Date Performed 11/19/2013 Jurisdiction Sioux Falls 
Analysis Time Period PM Peak Analysis Year 2013 

Project Description  I-229 MIS 

Oper.(LOS) Des.(N) Planning Data 

Flow Inputs

Volume, V 885 veh/h Peak-Hour Factor, PHF 0.93 

 AADT veh/day %Trucks and Buses, PT 8 

Peak-Hr Prop. of AADT, K %RVs, PR 0 

Peak-Hr Direction Prop, D General Terrain: Level 

DDHV = AADT x K x D veh/h Grade      %       Length mi 

                     Up/Down %

Calculate Flow Adjustments

 f
p 1.00  E

R 1.2 

 ET 1.5  fHV = 1/[1+PT(ET - 1) + PR(ER - 1)] 0.962 

Speed Inputs Calc Speed Adj and FFS

Lane Width ft 

Rt-Side Lat. Clearance ft 

Number of Lanes, N 2 

Total Ramp Density, TRD ramps/mi 

FFS (measured) 69.0 mph 

Base free-flow Speed, 
BFFS

mph 

 f
LW mph 

 fLC mph 

 TRD Adjustment mph 

 FFS 69.0 mph 

LOS and Performance Measures Design (N)

Operational (LOS)

v
p 

= (V or DDHV) / (PHF x N x f
HV

x fp)
495 pc/h/ln

S 70.0 mph 

D = vp / S 7.1 pc/mi/ln 

LOS A 

Design (N) 

Design LOS

vp = (V or DDHV) / (PHF x N x fHV

x fp)
pc/h/ln

S mph 

D = vp / S pc/mi/ln 

Required Number of Lanes, N

Glossary Factor Location

N  - Number of lanes                 S   - Speed

V   - Hourly volume                   D   - Density

vp - Flow rate                          FFS - Free-flow speed

LOS   - Level of service            BFFS - Base free-flow 
speed

DDHV - Directional design hour volume  

ER - Exhibits 11-10, 11-12       fLW - Exhibit 11-8

ET - Exhibits 11-10, 11-11, 11-13       fLC - Exhibit 11-9

fp - Page 11-18       TRD - Page 11-11

LOS, S, FFS, v
p

- Exhibits 11-2, 

11-3 
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RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information                                          Site Information 

Analyst JKM Freeway/Dir of Travel I-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    I-229 MIS 

Inputs

Upstream Adj Ramp

Yes On

No Off

L
up

 =  ft 

Vu =  veh/h 

Freeway Number of Lanes, N 2 

Ramp Number of Lanes, N 1 

Acceleration Lane Length, L
A

Deceleration Lane Length L
D 275 

Freeway Volume, V
F 1040 

Ramp Volume, VR 113 

Freeway Free-Flow Speed, S
FF 69.0 

Ramp Free-Flow Speed, S
FR 59.0 

Downstream Adj 
Ramp

Yes On

No Off

L
down

 =  ft 

VD =  veh/h

Conversion to pc/h Under Base Conditions

 (pc/h)
V

(Veh/hr)
PHF Terrain %Truck %Rv  f

HV
 f

p
v = V/PHF x f

HV
 x f

p

 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 v12 Estimation of v12

V12 = VF ( PFM )

L
EQ

 =  (Equation 13-6 or 13-7)

P
FM

 =  using Equation   (Exhibit 13-6) 

V12 =  pc/h 

V
3
 or V

av34  pc/h (Equation 13-14 or 13-17)

 Is V3 or Vav34 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
 pc/h (Equation 13-16, 13-18, or 
13-19)

      V12 = VR + (VF - VR)PFD

L
EQ

 =  (Equation 13-12 or 13-13) 

PFD = 1.000  using Equation (Exhibit 13-7) 

V
12

 = 1352  pc/h 

V3 or Vav34 0  pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V12a =
 pc/h (Equation 13-16, 13-18, or 13-
19)

Capacity Checks Capacity Checks

Actual Capacity LOS F? Actual Capacity LOS F?

VFO  Exhibit 13-8

VF 1352 Exhibit 13-8 4780 No

VFO = VF - VR 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? 

V
R12  Exhibit 13-8 V

12 1352 Exhibit 13-8 4400:All No

Level of Service Determination (if not F) Level of Service Determination (if not F)

D
R
 = 5.475 + 0.00734 v 

R
 + 0.0078 V

12
- 0.00627 L

A

D
R
 = (pc/mi/ln)

LOS = (Exhibit 13-2) 

D
R
 = 4.252 + 0.0086 V

12
- 0.009 L

D

D
R

 = 13.4 (pc/mi/ln)

LOS = B (Exhibit 13-2) 

Speed Determination Speed Determination

M
S
 = (Exibit 13-11) 

S
R
= mph (Exhibit 13-11) 

S0= mph (Exhibit 13-11) 

S = mph (Exhibit 13-13) 

Ds = 0.129 (Exhibit 13-12) 

S
R
= 65.5 mph (Exhibit 13-12) 

S
0
= N/A mph (Exhibit 13-12) 

S = 65.5 mph (Exhibit 13-13) 
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RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information                                          Site Information 

Analyst JKM Freeway/Dir of Travel I-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    I-229 MIS 

Inputs

Upstream Adj Ramp

Yes On

No Off

L
up

 =  ft 

Vu =  veh/h 

Freeway Number of Lanes, N 2 

Ramp Number of Lanes, N 1 

Acceleration Lane Length, L
A

Deceleration Lane Length L
D 275 

Freeway Volume, V
F 885 

Ramp Volume, VR 72 

Freeway Free-Flow Speed, S
FF 69.0 

Ramp Free-Flow Speed, S
FR 59.0 

Downstream Adj 
Ramp

Yes On

No Off

L
down

 =  ft 

VD =  veh/h

Conversion to pc/h Under Base Conditions

 (pc/h)
V

(Veh/hr)
PHF Terrain %Truck %Rv  f

HV
 f

p
v = V/PHF x f

HV
 x f

p

 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 v12 Estimation of v12

V12 = VF ( PFM )

L
EQ

 =  (Equation 13-6 or 13-7)

P
FM

 =  using Equation   (Exhibit 13-6) 

V12 =  pc/h 

V
3
 or V

av34  pc/h (Equation 13-14 or 13-17)

 Is V3 or Vav34 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
 pc/h (Equation 13-16, 13-18, or 
13-19)

      V12 = VR + (VF - VR)PFD

L
EQ

 =  (Equation 13-12 or 13-13) 

PFD = 1.000  using Equation (Exhibit 13-7) 

V
12

 = 990  pc/h 

V3 or Vav34 0  pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V12a =
 pc/h (Equation 13-16, 13-18, or 13-
19)

Capacity Checks Capacity Checks

Actual Capacity LOS F? Actual Capacity LOS F?

VFO  Exhibit 13-8

VF 990 Exhibit 13-8 4780 No

VFO = VF - VR 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? 

V
R12  Exhibit 13-8 V

12 990 Exhibit 13-8 4400:All No

Level of Service Determination (if not F) Level of Service Determination (if not F)

D
R
 = 5.475 + 0.00734 v 

R
 + 0.0078 V

12
- 0.00627 L

A

D
R
 = (pc/mi/ln)

LOS = (Exhibit 13-2) 

D
R
 = 4.252 + 0.0086 V

12
- 0.009 L

D

D
R

 = 10.3 (pc/mi/ln)

LOS = B (Exhibit 13-2) 

Speed Determination Speed Determination

M
S
 = (Exibit 13-11) 

S
R
= mph (Exhibit 13-11) 

S0= mph (Exhibit 13-11) 

S = mph (Exhibit 13-13) 

Ds = 0.123 (Exhibit 13-12) 

S
R
= 65.7 mph (Exhibit 13-12) 

S
0
= N/A mph (Exhibit 13-12) 

S = 65.7 mph (Exhibit 13-13) 
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BASIC FREEWAY SEGMENTS WORKSHEET

General Information Site Information 

Analyst JKM Highway/Direction of Travel I-229 Southbound 

Agency or Company HDR From/To
Benson Off-Ramp to On-
Ramp 

Date Performed 11/19/2013 Jurisdiction Sioux Falls 
Analysis Time Period AM Peak Analysis Year 2013 

Project Description  I-229 MIS 

Oper.(LOS) Des.(N) Planning Data 

Flow Inputs

Volume, V 927 veh/h Peak-Hour Factor, PHF 0.80 

 AADT veh/day %Trucks and Buses, PT 9 

Peak-Hr Prop. of AADT, K %RVs, PR 0 

Peak-Hr Direction Prop, D General Terrain: Level 

DDHV = AADT x K x D veh/h Grade      %       Length mi 

                     Up/Down %

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 E
T 1.5  f

HV
 = 1/[1+P

T
(E

T
- 1) + P

R
(E

R
- 1)] 0.957 

Speed Inputs Calc Speed Adj and FFS

Lane Width ft 

Rt-Side Lat. Clearance ft 

Number of Lanes, N 2 

Total Ramp Density, TRD ramps/mi 

FFS (measured) 68.0 mph 

Base free-flow Speed, 
BFFS

mph 

 fLW mph 

 f
LC mph 

 TRD Adjustment mph 

 FFS 68.0 mph 

LOS and Performance Measures Design (N)

Operational (LOS)

v
p 

= (V or DDHV) / (PHF x N x f
HV

x fp)
605 pc/h/ln

S 70.0 mph 

D = vp / S 8.6 pc/mi/ln 

LOS A 

Design (N) 

Design LOS

vp = (V or DDHV) / (PHF x N x fHV

x fp)
pc/h/ln

S mph 

D = vp / S pc/mi/ln 

Required Number of Lanes, N

Glossary Factor Location

N  - Number of lanes                 S   - Speed

V   - Hourly volume                   D   - Density

v
p

- Flow rate                          FFS - Free-flow speed

LOS   - Level of service            BFFS - Base free-flow 
speed

DDHV - Directional design hour volume  

ER - Exhibits 11-10, 11-12       fLW - Exhibit 11-8

ET - Exhibits 11-10, 11-11, 11-13       fLC - Exhibit 11-9

f
p

- Page 11-18       TRD - Page 11-11

LOS, S, FFS, vp - Exhibits 11-2, 

11-3 
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BASIC FREEWAY SEGMENTS WORKSHEET

General Information Site Information 

Analyst JKM Highway/Direction of Travel I-229 Southbound 

Agency or Company HDR From/To
Benson Off-Ramp to On-
Ramp 

Date Performed 11/19/2013 Jurisdiction Sioux Falls 
Analysis Time Period PM Peak Analysis Year 2013 

Project Description  I-229 MIS 

Oper.(LOS) Des.(N) Planning Data 

Flow Inputs

Volume, V 813 veh/h Peak-Hour Factor, PHF 0.93 

 AADT veh/day %Trucks and Buses, PT 9 

Peak-Hr Prop. of AADT, K %RVs, PR 0 

Peak-Hr Direction Prop, D General Terrain: Level 

DDHV = AADT x K x D veh/h Grade      %       Length mi 

                     Up/Down %

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 E
T 1.5  f

HV
 = 1/[1+P

T
(E

T
- 1) + P

R
(E

R
- 1)] 0.957 

Speed Inputs Calc Speed Adj and FFS

Lane Width ft 

Rt-Side Lat. Clearance ft 

Number of Lanes, N 2 

Total Ramp Density, TRD ramps/mi 

FFS (measured) 68.0 mph 

Base free-flow Speed, 
BFFS

mph 

 fLW mph 

 f
LC mph 

 TRD Adjustment mph 

 FFS 68.0 mph 

LOS and Performance Measures Design (N)

Operational (LOS)

v
p 

= (V or DDHV) / (PHF x N x f
HV

x fp)
457 pc/h/ln

S 70.0 mph 

D = vp / S 6.5 pc/mi/ln 

LOS A 

Design (N) 

Design LOS

vp = (V or DDHV) / (PHF x N x fHV

x fp)
pc/h/ln

S mph 

D = vp / S pc/mi/ln 

Required Number of Lanes, N

Glossary Factor Location

N  - Number of lanes                 S   - Speed

V   - Hourly volume                   D   - Density

v
p

- Flow rate                          FFS - Free-flow speed

LOS   - Level of service            BFFS - Base free-flow 
speed

DDHV - Directional design hour volume  

ER - Exhibits 11-10, 11-12       fLW - Exhibit 11-8

ET - Exhibits 11-10, 11-11, 11-13       fLC - Exhibit 11-9

f
p

- Page 11-18       TRD - Page 11-11

LOS, S, FFS, vp - Exhibits 11-2, 

11-3 
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FREEWAY WEAVING WORKSHEET

General Information Site Information

Analyst JKM 
Agency/Company HDR 
Date Performed 12/10/2013 
Analysis Time Period AM Peak 

Freeway/Dir of Travel I-229 Southbound 
Weaving Segment Location Benson to Rice 
Analysis Year 2013 

Project Description  I-229 MIS 

Inputs

Weaving configuration One-Sided 
Weaving number of lanes, N 3 

Weaving segment length, LS 5670ft

Freeway free-flow speed, FFS 68 mph 

Segment type Freeway 

Freeway minimum speed, S
MIN 15 

Freeway maximum capacity, C
IFL 2400 

Terrain type Level 

Conversions to pc/h Under Base Conditions

V (veh/h) PHF Truck (%) RV (%) E T E R f
HV fp v (pc/h)

VFF 799  0.80  7  0  1.5  1.2  0.966  1.00  1034  

VRF 298  0.80  6  0  1.5  1.2  0.971  1.00  384  

VFR 128  0.80  6  0  1.5  1.2  0.971  1.00  165  

VRR 10  0.80  6  0  1.5  1.2  0.971  1.00  13  

VNW 1047 V = 1543  

VW 549  

VR 0.344  

Configuration Characteristics

Minimum maneuver lanes, NWL 2 lc

Interchange density, ID 1.0 int/mi

Minimum RF lane changes, LC
RF 1 lc/pc

Minimum FR lane changes, LC
FR 1 lc/pc

Minimum RR lane changes, LC
RR lc/pc

Minimum weaving lane changes, LC
MIN 549 lc/h

Weaving lane changes, LC
W 997 lc/h

Non-weaving lane changes, LC
NW 2711 lc/h

Total lane changes, LC
ALL 3708 lc/h

Non-weaving vehicle index, I
NW 594 

Weaving Segment Speed, Density, Level of Service, and Capacity

Weaving segment flow rate, v 1543 veh/h

Weaving segment capacity, c
w 6741 veh/h

Weaving segment v/c ratio 0.229 

Weaving segment density, D 8.7 pc/mi/ln

Level of Service, LOS  A  

Weaving intensity factor, W 0.162 

Weaving segment speed, S 61.2 mph

Average weaving speed, S
W 60.6 mph

Average non-weaving speed, S
NW 61.5 mph

Maximum weaving length, L
MAX 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

General Information Site Information

Analyst JKM 
Agency/Company HDR 
Date Performed 12/10/2013 
Analysis Time Period PM Peak 

Freeway/Dir of Travel I-229 Southbound 
Weaving Segment Location Benson to Rice 
Analysis Year 2013 

Project Description  I-229 MIS 

Inputs

Weaving configuration One-Sided 
Weaving number of lanes, N 3 

Weaving segment length, LS 5670ft

Freeway free-flow speed, FFS 68 mph 

Segment type Freeway 

Freeway minimum speed, S
MIN 15 

Freeway maximum capacity, C
IFL 2400 

Terrain type Level 

Conversions to pc/h Under Base Conditions

V (veh/h) PHF Truck (%) RV (%) E T E R f
HV fp v (pc/h)

VFF 583  0.93  9  0  1.5  1.2  0.957  1.00  655  

VRF 1231  0.93  6  0  1.5  1.2  0.971  1.00  1363  

VFR 230  0.93  6  0  1.5  1.2  0.971  1.00  255  

VRR 10  0.93  6  0  1.5  1.2  0.971  1.00  11  

VNW 666 V = 2186  

VW 1618  

VR 0.708  

Configuration Characteristics

Minimum maneuver lanes, NWL 2 lc

Interchange density, ID 1.0 int/mi

Minimum RF lane changes, LC
RF 1 lc/pc

Minimum FR lane changes, LC
FR 1 lc/pc

Minimum RR lane changes, LC
RR lc/pc

Minimum weaving lane changes, LC
MIN 1618 lc/h

Weaving lane changes, LC
W 2066 lc/h

Non-weaving lane changes, LC
NW 2633 lc/h

Total lane changes, LC
ALL 4699 lc/h

Non-weaving vehicle index, I
NW 378 

Weaving Segment Speed, Density, Level of Service, and Capacity

Weaving segment flow rate, v 2186 veh/h

Weaving segment capacity, c
w 3242 veh/h

Weaving segment v/c ratio 0.674 

Weaving segment density, D 13.3 pc/mi/ln

Level of Service, LOS  B  

Weaving intensity factor, W 0.195 

Weaving segment speed, S 57.2 mph

Average weaving speed, S
W 59.4 mph

Average non-weaving speed, S
NW 52.7 mph

Maximum weaving length, L
MAX 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 I-229 Exit 5 (26th 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. 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. 

2. Starting at the southernmost or westernmost intersection, check to see if the southbound 
or westbound projected demand is fully received at the intersection. 

3. 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”. 

4. 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. 

5. Report the LOS for the southernmost or westernmost intersection from the “Group 1” 
HCS file. 

6. Open the HCS file for “Group 2”. 

7. 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. 

8. 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. 

9. 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”. 

10. Both conditions from Step 8 and Step 9 may exist at any intersection internal to the 
corridor. 

11. 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. 

12. 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 AM PM 

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

I-229 SB & Benson Road Ramp Terminal- Worst stop-controlled approach LOS LOS F LOS F 

I-229 NB & Benson Road Ramp Terminal LOS F  

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

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 

 LOCATION 

AM Peak PM Peak 

“Worst Case” 
LOS 

“Best Case” 
LOS 

“Worst Case” 
LOS 

“Best Case” 
LOS 

Benson & Cliff D C   

Benson & Lewis C B   

 
 

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. 
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I-229 Major Investment Corridor Study: Sub-Study 4    
Benson Road Corridor Study
Sioux Falls, South Dakota

2035 No-Build "Worst Case" Conditions Traffic Operations Analysis
11/5/2014
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LEGEND

XXX (XXX) AM and (PM) Peak Hour Volumes

# Number of Free-Flow Lanes

Future No-Build Intersection Lane Geometrics

X

X

AM Peak Hour Basic Freeway Level of Service

PM Peak Hour Basic Freeway Level of Service

X
X

AM Peak Hour Ramp Merge Level of Service

PM Peak Hour Ramp Merge Level of Service

X
X

AM Peak Hour Ramp Diverge Level of Service

PM Peak Hour Ramp Diverge Level of Service

AM Peak Hour Weaving Section Level of Service

PM Peak Hour Weaving Section Level of Service

X
X

X

X
AM Peak Hour Signalized Intersection Level of Service
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X
X
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PM Peak Hour Unsignalized Intersection Level of Service

B

B

B
B

C
B

B

B

B
B

B
B

B

B

B

B

B
B

B
B

2

2
11

1 1

2

2

2

2

2

2

2

2

3

3

2

2

11

21

11

D
D

Notes: 

1.     Worst case stop controlled approach Level of Service reported 
2.     Intersection LOS was reported for the condition where each     

intersection experienced the full projected demand, even though adjacent 
intersections under no-build conditions may not have sufficient capacity 
to convey all projected demand.
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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 

Alternative 
Scenario 

Intersection 
(AM LOS/PM LOS) 

Benson & 
Cliff 

Benson & 
Lewis 

Benson & 
I-229 SB 
Ramps 

Benson & 
I-229 NB 
Ramps 

Benson & 
Hall 

Benson & 
Sycamore 

Benson-1A / 
Benson-1B 

C / D C / D B / B A / A C / C C / B 

Benson-4 C / D C / D C / B C / B C / B C / B 

 
 
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:       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):  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% queue 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):  0.25         

                                                                               

________________________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)                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       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 ln volume, major th vehicles:         0                                 

Shared ln 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,g)                         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,lt)          0.00                               0.70          0.00         

t(c,T):  1-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)     1-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(f,base)        2.20                               3.50          3.30         

t(f,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(q1)                                    3.4      0.0                          

g(q2)                                    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, f        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(5)                                    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 II               

______________________________________________________________________________ 

p(1)                      1.000                                                

p(4)                                                                           

p(7)                                                                           

p(8)                                                                           

p(9)                                                                           

p(10)                     1.000                                                

p(11)                                                                          

p(12)                     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 c,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                                                              

                     7               8              10              11         



              Stage1  Stage2  Stage1  Stage2  Stage1  Stage2  Stage1  Stage2   

______________________________________________________________________________ 

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             1.00          

Cap. Adj. factor due to Impeding mvmnt          0.51             0.51          

Movement Capacity                                                              

______________________________________________________________________________ 

Result for 2 stage process:                                                    

a                                                                              

y                                                                              

C t                                                                            

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                                                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            

______________________________________________________________________________ 

Results for Two-stage process:                                                 

a                                                                              

y                                                                              

C t                                                              22            

______________________________________________________________________________ 

                                                                               

Worksheet 8-Shared Lane Calculations                                           

______________________________________________________________________________ 

Movement                              7      8      9     10     11     12     

                                      L      T      R      L      T      R     

______________________________________________________________________________ 

Volume (vph)                                              117           199    

Movement Capacity (vph)                                   22            363    

Shared Lane Capacity (vph)                                       54            

______________________________________________________________________________ 



                                                                               

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                                                     22            363    

Volume                                                    117           199    

Delay                                                                          

Q sep                                                                          

Q sep +1                                                                       

round (Qsep +1)                                                                

______________________________________________________________________________ 

n max                                                                          

C sh                                                             54            

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          LT                                         LR             

______________________________________________________________________________ 

v (vph)             176                                        316             

C(m) (vph)          359                                        54              

v/c                 0.49                                       5.85            

95% queue length    2.59                                       36.04           

Control Delay       24.3                                       2333            

LOS                  C                                          F              

Approach Delay                                                 2333            

Approach LOS                                                    F              

______________________________________________________________________________ 

                                                                               

Worksheet 11-Shared Major LT Impedance and Delay                               

______________________________________________________________________________ 

                                                 Movement 2     Movement 5     

______________________________________________________________________________ 

p(oj)                                               0.51           1.00        

v(il), Volume for stream 2 or 5                     0                          

v(i2), Volume for stream 3 or 6                     0                          

s(il), Saturation flow rate for stream 2 or 5       1800                       

s(i2), Saturation flow rate for stream 3 or 6       1800                       

P*(oj)                                              0.51                       

d(M,LT), Delay for stream 1 or 4                    24.3                       

N, Number of major street through lanes             2                          

d(rank,1) 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 & 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:  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% queue 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 ln volume, major th vehicles:         0                                 

Shared ln 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,g)                         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,lt)          0.00                               0.70          0.00         

t(c,T):  1-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)     1-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(f,base)        2.20                               3.50          3.30         

t(f,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(q1)                                    11.8     0.0                          

g(q2)                                    6.8      0.0                          

g(q)                                     18.6     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, f        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                                 

______________________________________________________________________________ 

p(2)                                    0.211                                  

p(5)                                    0.000                                  

p(dom)                                  0.211                                  

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 II               

______________________________________________________________________________ 

p(1)                      1.000                                                

p(4)                                                                           

p(7)                                                                           

p(8)                                                                           

p(9)                                                                           

p(10)                     0.789                                                

p(11)                                                                          

p(12)                     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 c,x                  848                                1840          424    

s                      3000                               3000          3000   

Px                     1.000                              0.789         1.000  

V c,u,x                848                                1529          424    

______________________________________________________________________________ 

C r,x                  760                                108           628    

C plat,x               760                                85            628    

______________________________________________________________________________ 

Two-Stage Process                                                              

                     7               8              10              11         



              Stage1  Stage2  Stage1  Stage2  Stage1  Stage2  Stage1  Stage2   

______________________________________________________________________________ 

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             1.00          

Cap. Adj. factor due to Impeding mvmnt          0.76             0.76          

Movement Capacity                                                              

______________________________________________________________________________ 

Result for 2 stage process:                                                    

a                                                                              

y                                                                              

C t                                                                            

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                                                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            

______________________________________________________________________________ 

Results for Two-stage process:                                                 

a                                                                              

y                                                                              

C t                                                              65            

______________________________________________________________________________ 

                                                                               

Worksheet 8-Shared Lane Calculations                                           

______________________________________________________________________________ 

Movement                              7      8      9     10     11     12     

                                      L      T      R      L      T      R     

______________________________________________________________________________ 

Volume (vph)                                              376           161    

Movement Capacity (vph)                                   65            628    

Shared Lane Capacity (vph)                                       89            

______________________________________________________________________________ 



                                                                               

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                                                     65            628    

Volume                                                    376           161    

Delay                                                                          

Q sep                                                                          

Q sep +1                                                                       

round (Qsep +1)                                                                

______________________________________________________________________________ 

n max                                                                          

C sh                                                             89            

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          LT                                         LR             

______________________________________________________________________________ 

v (vph)             182                                        537             

C(m) (vph)          760                                        89              

v/c                 0.24                                       6.03            

95% queue length    0.93                                       59.39           

Control Delay       11.2                                       2358            

LOS                  B                                          F              

Approach Delay                                                 2358            

Approach LOS                                                    F              

______________________________________________________________________________ 

                                                                               

Worksheet 11-Shared Major LT Impedance and Delay                               

______________________________________________________________________________ 

                                                 Movement 2     Movement 5     

______________________________________________________________________________ 

p(oj)                                               0.76           1.00        

v(il), Volume for stream 2 or 5                     0                          

v(i2), Volume for stream 3 or 6                     0                          

s(il), Saturation flow rate for stream 2 or 5       1800                       

s(i2), Saturation flow rate for stream 3 or 6       1800                       

P*(oj)                                              0.76                       

d(M,LT), Delay for stream 1 or 4                    11.2                       

N, Number of major street through lanes             2                          

d(rank,1) Delay for stream 2 or 5                                              

______________________________________________________________________________ 



HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Feb 3, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period AM Peak PHF 0.85

Intersection Benson Rd & Hall Ave Analysis Year 2035 Analysis Period 1> 7:15

File Name 2035_NB_Benson_Rd_AM_WorstCase.xus

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 150 370 30 50 1230 120 110 150 70 50 10 40

Signal Information

Green

Yellow
Red

8.5 58.1 24.4 0.0 0.0 0.0

4.0 5.0 5.0 0.0 0.0 0.0
1.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7

Cycle, s 110.0 Reference Phase 2

Offset, s 108 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

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 1.4 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/ln 1617 1698 1653 1620 1497 1288 1669 1116 1543

Queue Service Time (gs), s 7.2 3.9 3.7 44.9 57.6 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 21.5 3.4

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/ln (95th percentile) 11.3 2.3 2.1 34.2 33.5 5.8 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 (d1), s/veh 36.2 4.4 4.2 25.8 25.9 40.1 39.3 49.3 34.5

Incremental Delay (d2), s/veh 37.6 0.4 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 4.6 48.9 57.1 41.0 43.5 49.9 34.6

Level of Service (LOS) E A A D E D D D C

Approach Delay, s/veh / LOS 23.6 C 52.8 D 42.7 D 42.3 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

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Feb 3, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period PM Peak PHF 0.93

Intersection Benson Rd & Hall Ave Analysis Year 2035 Analysis Period 1> 4:30

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 50 1250 100 60 740 40 30 20 60 130 150 150

Signal Information

Green

Yellow
Red

4.0 57.1 25.0 0.0 0.0 0.0

4.0 5.0 5.0 0.0 0.0 0.0
1.0 2.0 2.0 0.0 0.0 0.0

1 2 3 4

5 6 7

Cycle, s 105.0 Reference Phase 2

Offset, s 92 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

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/ln 1617 1698 1654 1025 1523 1053 1555 1306 1619

Queue Service Time (gs), s 1.4 23.9 24.2 11.0 26.1 3.2 4.7 10.2 19.9

Cycle Queue Clearance Time (gc), s 1.4 23.9 24.2 26.1 26.1 23.2 4.7 14.9 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/ln (95th percentile) 0.9 10.1 10.0 10.5 14.1 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 (d1), 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 0.4 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 12.9 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 11.3 B 20.6 C 37.5 D 48.1 D

Intersection Delay, s/veh / LOS 20.8 C

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 Generated: 5/18/2016 7:24:55 AM



HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Feb 3, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period AM Peak PHF 0.85

Intersection Benson Rd & I-229 NB RampsAnalysis Year 2035 Analysis Period 1> 7:15

File Name 2035_NB_Benson_Rd_AM_WorstCase.xus

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 0 80

Signal Information

Green

Yellow
Red

49.5 49.5 0.0 0.0 0.0 0.0

3.5 3.5 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7

Cycle, s 110.0 Reference Phase 2

Offset, s 106 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

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 3 8 18

Adjusted Flow Rate (v), veh/h 94 553 1588 0 1859 86

Adjusted Saturation Flow Rate (s), veh/h/ln 308 1617 1617 1439 1278 1439

Queue Service Time (gs), s 0.0 13.7 49.5 0.0 49.5 3.8

Cycle Queue Clearance Time (gc), s 49.5 13.7 49.5 0.0 49.5 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 1.092 0.000 1.617 0.133

Available Capacity (ca), veh/h 65 1455 1455 648 1150 648

Back of Queue (Q), veh/ln (95th percentile) 11.8 8.9 30.2 0.0 93.3 2.2

Queue Storage Ratio (RQ) (95th percentile) 3.08 0.08 0.27 0.00 2.45 0.06

Uniform Delay (d1), s/veh 61.9 23.1 23.4 0.0 30.3 17.7

Incremental Delay (d2), s/veh 258.0 0.7 44.8 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 66.8 E 68.2 E 298.8 F 0.0

Intersection Delay, s/veh / LOS 175.3 F

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. HCS 2010™ Streets Version 6.50 Generated: 5/18/2016 7:20:36 AM



HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Feb 3, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period PM Peak PHF 0.93

Intersection Benson Rd & I-229 NB RampsAnalysis Year 2035 Analysis Period 1> 4:30

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

Green

Yellow
Red

75.1 18.9 0.0 0.0 0.0 0.0

3.5 3.5 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7

Cycle, s 105.0 Reference Phase 2

Offset, s 102 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

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 3 8 18

Adjusted Flow Rate (v), veh/h 183 1129 935 11 387 205

Adjusted Saturation Flow Rate (s), veh/h/ln 568 1617 1617 1439 1456 1439

Queue Service Time (gs), s 28.6 18.3 10.4 0.1 13.2 14.3

Cycle Queue Clearance Time (gc), s 35.1 18.3 10.4 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/ln (95th percentile) 4.9 7.7 4.8 0.1 8.3 9.1

Queue Storage Ratio (RQ) (95th percentile) 1.28 0.07 0.04 0.01 0.22 0.24

Uniform Delay (d1), s/veh 19.4 8.2 4.8 2.2 40.7 41.1

Incremental Delay (d2), s/veh 0.9 0.2 0.4 0.0 2.0 5.4

Initial Queue Delay (d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0

Control Delay (d), s/veh 20.2 8.4 5.1 2.2 42.7 46.5

Level of Service (LOS) C A A A D D

Approach Delay, s/veh / LOS 10.0 B 5.1 A 44.0 D 0.0

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
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                 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% queue 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+: 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 & 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 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            L  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                                       L      TR                  

______________________________________________________________________________ 

                                                                               

______________________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       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 ln volume, major th vehicles:                                           

Shared ln 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,g)                         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,lt)                 0.00                        0.70   0.00   0.00         

t(c,T):  1-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)     1-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(f,base)               2.20                        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      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(q1)                                    7.1      0.0      37.5     0.0        

g(q2)                                    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        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)                       33.163            17.857         

Smoothing Factor, F                           0.083             0.144          

Proportion of conflicting flow, f        1.000    1.000    1.000    1.000      

Max platooned flow, V(c,max)             1935     0        3600     0          

Min platooned flow, V(c,min)             2000     2000     2000     2000       

Duration of blocked period, t(p)         0.0      0.0      5.8      0.0        

Proportion time blocked, p                    0.000             0.052          

______________________________________________________________________________ 

Computation 3-Platoon Event Periods     Result                                 

______________________________________________________________________________ 

p(2)                                    0.000                                  

p(5)                                    0.052                                  

p(dom)                                  0.052                                  

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 II               

______________________________________________________________________________ 

p(1)                                                                           

p(4)                      1.000                                                

p(7)                                                                           

p(8)                                                                           

p(9)                                                                           

p(10)                     0.948                                                

p(11)                     0.948                                                

p(12)                     0.948                                                

______________________________________________________________________________ 

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 c,x                         987                         4051   4762   1558   

s                             3000                        3000   3000   3000   

Px                            1.000                       0.948  0.948  0.948  

V c,u,x                       987                         4109   4859   1479   

______________________________________________________________________________ 

C r,x                         672                         2      1      147    

C plat,x                      672                         2      1      139    

______________________________________________________________________________ 

Two-Stage Process                                                              

                     7               8              10              11         



              Stage1  Stage2  Stage1  Stage2  Stage1  Stage2  Stage1  Stage2   

______________________________________________________________________________ 

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                                                                              

y                                                                              

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                                                                              

y                                                                              

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            

______________________________________________________________________________ 

Movement                              7      8      9     10     11     12     

                                      L      T      R      L      T      R     

______________________________________________________________________________ 

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% queue 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(il), Saturation flow rate for stream 2 or 5                                  

s(i2), Saturation flow rate for stream 3 or 6                                  

P*(oj)                                                                         

d(M,LT), Delay for stream 1 or 4                                   15.4        

N, Number of major street through lanes                                        

d(rank,1) 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% queue length           11.38                                               

Control Delay              242.3                                               

LOS                         F                            F             F       

Approach Delay                                                                 

Approach LOS                                                                   

______________________________________________________________________________ 

                                                                               



                                                                               

                                                                               

                  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 & 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 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            L  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                                       L      TR                  

______________________________________________________________________________ 

                                                                               

______________________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       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 ln volume, major th vehicles:                                           

Shared ln 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,g)                         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,lt)                 0.00                        0.70   0.00   0.00         

t(c,T):  1-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)     1-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(f,base)               2.20                        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      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(q1)                                    16.0     0.0      3.9      0.0        

g(q2)                                    9.8      0.0      1.2      0.0        

g(q)                                     25.8     0.0      5.1      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)                       33.163            17.857         

Smoothing Factor, F                           0.083             0.144          

Proportion of conflicting flow, f        1.000    1.000    1.000    1.000      

Max platooned flow, V(c,max)             3215     0        1969     0          

Min platooned flow, V(c,min)             2000     2000     2000     2000       

Duration of blocked period, t(p)         25.6     0.0      0.0      0.0        

Proportion time blocked, p                    0.333             0.000          

______________________________________________________________________________ 

Computation 3-Platoon Event Periods     Result                                 

______________________________________________________________________________ 

p(2)                                    0.333                                  

p(5)                                    0.000                                  

p(dom)                                  0.333                                  

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 II               

______________________________________________________________________________ 

p(1)                                                                           

p(4)                      0.667                                                

p(7)                                                                           

p(8)                                                                           

p(9)                                                                           

p(10)                     0.667                                                

p(11)                     0.667                                                

p(12)                     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 c,x                         2515                        2137   4018   570    

s                             3000                        3000   3000   3000   

Px                            0.667                       0.667  0.667  1.000  

V c,u,x                       2273                        1706   4526   570    

______________________________________________________________________________ 

C r,x                         208                         79     1      508    

C plat,x                      139                         53     1      508    

______________________________________________________________________________ 

Two-Stage Process                                                              

                     7               8              10              11         



              Stage1  Stage2  Stage1  Stage2  Stage1  Stage2  Stage1  Stage2   

______________________________________________________________________________ 

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                                                570           

Potential Capacity                                               508           

Pedestrian Impedance Factor                     1.00             1.00          

Movement Capacity                                                508           

Probability of Queue free St.                   1.00             0.85          

______________________________________________________________________________ 

Step 2: LT from Major St.                          4                1          

______________________________________________________________________________ 

Conflicting Flows                               2515                           

Potential Capacity                              139                            

Pedestrian Impedance Factor                     1.00             1.00          

Movement Capacity                               139                            

Probability of Queue free St.                   0.00             1.00          

Maj L-Shared Prob Q free St.                                                   

______________________________________________________________________________ 

Step 3: TH from Minor St.                          8               11          

______________________________________________________________________________ 

Conflicting Flows                                                4018          

Potential Capacity                                               1             

Pedestrian Impedance Factor                     1.00             1.00          

Cap. Adj. factor due to Impeding mvmnt          0.00             0.00          

Movement Capacity                                                0             

Probability of Queue free St.                   1.00                           

______________________________________________________________________________ 

Step 4: LT from Minor St.                          7               10          

______________________________________________________________________________ 

Conflicting Flows                                                2137          

Potential Capacity                                               53            

Pedestrian Impedance Factor                     1.00             1.00          

Maj. L, Min T Impedance factor                                                 

Maj. L, Min T Adj. Imp Factor.                                                 

Cap. Adj. factor due to Impeding mvmnt                           0.00          

Movement Capacity                                                0             

______________________________________________________________________________ 

                                                                               

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                                                4018          

Potential Capacity                                               1             

Pedestrian Impedance Factor                     1.00             1.00          

Cap. Adj. factor due to Impeding mvmnt          0.00             0.00          

Movement Capacity                                                0             

______________________________________________________________________________ 

Result for 2 stage process:                                                    

a                                                                              

y                                                                              

C t                                                              0             

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                                                2137          

Potential Capacity                                               53            

Pedestrian Impedance Factor                     1.00             1.00          

Maj. L, Min T Impedance factor                                                 

Maj. L, Min T Adj. Imp Factor.                                                 

Cap. Adj. factor due to Impeding mvmnt                           0.00          

Movement Capacity                                                0             

______________________________________________________________________________ 

Results for Two-stage process:                                                 

a                                                                              

y                                                                              

C t                                                              0             

______________________________________________________________________________ 

                                                                               

Worksheet 8-Shared Lane Calculations                                           

______________________________________________________________________________ 

Movement                              7      8      9     10     11     12     

                                      L      T      R      L      T      R     

______________________________________________________________________________ 

Volume (vph)                                              43     0      75     

Movement Capacity (vph)                                   0      0      508    

Shared Lane Capacity (vph)                                              0      

______________________________________________________________________________ 



                                                                               

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                                                     0      0      508    

Volume                                                    43     0      75     

Delay                                                                          

Q sep                                                                          

Q sep +1                                                                       

round (Qsep +1)                                                                

______________________________________________________________________________ 

n max                                                                          

C sh                                                                    0      

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)                    182                          43            75       

C(m) (vph)                 139                          0             0        

v/c                        1.31                                                

95% queue length           11.38                                               

Control Delay              242.3                                               

LOS                         F                            F             F       

Approach Delay                                                                 

Approach LOS                                                                   

______________________________________________________________________________ 

                                                                               

Worksheet 11-Shared Major LT Impedance and Delay                               

______________________________________________________________________________ 

                                                 Movement 2     Movement 5     

______________________________________________________________________________ 

p(oj)                                               1.00           0.00        

v(il), Volume for stream 2 or 5                                                

v(i2), Volume for stream 3 or 6                                                

s(il), Saturation flow rate for stream 2 or 5                                  

s(i2), Saturation flow rate for stream 3 or 6                                  

P*(oj)                                                                         

d(M,LT), Delay for stream 1 or 4                                   242.3       

N, Number of major street through lanes                                        

d(rank,1) 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: AM Peak                                                  

Intersection:         E Benson Rd & Potsdam 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:   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                      40     730    50       160    2230   400           

Peak-Hour Factor, PHF       0.85   0.85   0.85     0.85   0.85   0.85          

Hourly Flow Rate, HFR       47     858    58       188    2623   470           

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                      30     10     80       30     30     30            

Peak Hour Factor, PHF       0.85   0.85   0.85     0.85   0.85   0.85          

Hourly Flow Rate, HFR       35     11     94       35     35     35            

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)             47     188    35            105            105             

C(m) (vph)          94     750    0             0                              

v/c                 0.50   0.25                                                

95% queue length    2.19   0.99                                                

Control Delay       76.7   11.4                                                

LOS                  F      B      F             F                             

Approach Delay                                                                 

Approach LOS                                                                   

______________________________________________________________________________ 

                                                                               



                                                                               

                                                                               

                  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 & Potsdam 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:   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                     40     730    50     160    2230   400              

Peak-Hour Factor, PHF      0.85   0.85   0.85   0.85   0.85   0.85             

Peak-15 Minute Volume      12     215    15     47     656    118              

Hourly Flow Rate, HFR      47     858    58     188    2623   470              

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                     30     10     80     30     30     30               

Peak Hour Factor, PHF      0.85   0.85   0.85   0.85   0.85   0.85             

Peak-15 Minute Volume      9      3      24     9      9      9                

Hourly Flow Rate, HFR      35     11     94     35     35     35               

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       1700     3       0       72      40       1425        

    Through      730     1700     3       37      72      40       1425        

S5  Left-Turn    0       1700     3       0       111     40       1575        

    Through      1350    1700     3       11      111     40       1575        

______________________________________________________________________________ 

                                                                               

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

______________________________________________________________________________ 

                                           Movement 2     Movement 5           

______________________________________________________________________________ 

Shared ln volume, major th vehicles:                                           

Shared ln 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,g)                         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,lt)          0.00   0.00   0.00   0.00   0.00   0.00   0.00   0.00         

t(c,T):  1-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)     1-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                                   730      0        1350     0          



Total Saturation Flow Rate, s (vph)      3400     3400     3400     3400       

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(q1)                                    7.5      0.0      39.7     0.0        

g(q2)                                    2.1      0.0      26.1     0.0        

g(q)                                     9.6      0.0      65.9     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, f        1.000    1.000    1.000    1.000      

Max platooned flow, V(c,max)             2287     0        3397     0          

Min platooned flow, V(c,min)             2000     2000     2000     2000       

Duration of blocked period, t(p)         3.7      0.0      2.6      0.0        

Proportion time blocked, p                    0.052             0.024          

______________________________________________________________________________ 

Computation 3-Platoon Event Periods     Result                                 

______________________________________________________________________________ 

p(2)                                    0.052                                  

p(5)                                    0.024                                  

p(dom)                                  0.052                                  

p(subo)                                 0.024                                  

Constrained or unconstrained?             U                                    

______________________________________________________________________________ 

Proportion                                                                     

unblocked                  (1)             (2)             (3)                 

for minor              Single-stage         Two-Stage Process                  

movements, p(x)          Process        Stage I         Stage II               

______________________________________________________________________________ 

p(1)                      0.976                                                

p(4)                      0.948                                                

p(7)                      0.937                                                

p(8)                      0.937                                                

p(9)                      0.948                                                

p(10)                     0.937                                                

p(11)                     0.937                                                

p(12)                     0.976                                                

______________________________________________________________________________ 

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 c,x                  3093   916    2685   4450   458    3762   4244   1546   

s                      3000   3000   3000   3000   3000   3000   3000   3000   

Px                     0.976  0.948  0.937  0.937  0.948  0.937  0.937  0.976  

V c,u,x                3095   803    2664   4548   320    3814   4328   1511   

______________________________________________________________________________ 

C r,x                  96     791    11     1      719    1      2      146    

C plat,x               94     750    10     1      682    1      2      143    

______________________________________________________________________________ 

Two-Stage Process                                                              

                     7               8              10              11         



              Stage1  Stage2  Stage1  Stage2  Stage1  Stage2  Stage1  Stage2   

______________________________________________________________________________ 

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                               458              1546          

Potential Capacity                              682              143           

Pedestrian Impedance Factor                     1.00             1.00          

Movement Capacity                               682              143           

Probability of Queue free St.                   0.86             0.76          

______________________________________________________________________________ 

Step 2: LT from Major St.                          4                1          

______________________________________________________________________________ 

Conflicting Flows                               916              3093          

Potential Capacity                              750              94            

Pedestrian Impedance Factor                     1.00             1.00          

Movement Capacity                               750              94            

Probability of Queue free St.                   0.75             0.50          

Maj L-Shared Prob Q free St.                                                   

______________________________________________________________________________ 

Step 3: TH from Minor St.                          8               11          

______________________________________________________________________________ 

Conflicting Flows                               4450             4244          

Potential Capacity                              1                2             

Pedestrian Impedance Factor                     1.00             1.00          

Cap. Adj. factor due to Impeding mvmnt          0.37             0.37          

Movement Capacity                               0                1             

Probability of Queue free St.                                    0.00          

______________________________________________________________________________ 

Step 4: LT from Minor St.                          7               10          

______________________________________________________________________________ 

Conflicting Flows                               2685             3762          

Potential Capacity                              10               1             

Pedestrian Impedance Factor                     1.00             1.00          

Maj. L, Min T Impedance factor                  0.00                           

Maj. L, Min T Adj. Imp Factor.                  0.00                           

Cap. Adj. factor due to Impeding mvmnt          0.00                           

Movement Capacity                               0                              

______________________________________________________________________________ 

                                                                               

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                               4450             4244          

Potential Capacity                              1                2             

Pedestrian Impedance Factor                     1.00             1.00          

Cap. Adj. factor due to Impeding mvmnt          0.37             0.37          

Movement Capacity                               0                1             

______________________________________________________________________________ 

Result for 2 stage process:                                                    

a                                                                              

y                                                                              

C t                                             0                1             

Probability of Queue free St.                                    0.00          

______________________________________________________________________________ 

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                               2685             3762          

Potential Capacity                              10               1             

Pedestrian Impedance Factor                     1.00             1.00          

Maj. L, Min T Impedance factor                  0.00                           

Maj. L, Min T Adj. Imp Factor.                  0.00                           

Cap. Adj. factor due to Impeding mvmnt          0.00                           

Movement Capacity                               0                              

______________________________________________________________________________ 

Results for Two-stage process:                                                 

a                                                                              

y                                                                              

C t                                             0                              

______________________________________________________________________________ 

                                                                               

Worksheet 8-Shared Lane Calculations                                           

______________________________________________________________________________ 

Movement                              7      8      9     10     11     12     

                                      L      T      R      L      T      R     

______________________________________________________________________________ 

Volume (vph)                         35     11     94     35     35     35     

Movement Capacity (vph)              0      0      682           1      143    

Shared Lane Capacity (vph)                         0                           

______________________________________________________________________________ 



                                                                               

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                                0      0      682           1      143    

Volume                               35     11     94     35     35     35     

Delay                                                                          

Q sep                                                                          

Q sep +1                                                                       

round (Qsep +1)                                                                

______________________________________________________________________________ 

n max                                                                          

C sh                                               0                           

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      L             TR             LTR            

______________________________________________________________________________ 

v (vph)             47     188    35            105            105             

C(m) (vph)          94     750    0             0                              

v/c                 0.50   0.25                                                

95% queue length    2.19   0.99                                                

Control Delay       76.7   11.4                                                

LOS                  F      B      F             F                             

Approach Delay                                                                 

Approach LOS                                                                   

______________________________________________________________________________ 

                                                                               

Worksheet 11-Shared Major LT Impedance and Delay                               

______________________________________________________________________________ 

                                                 Movement 2     Movement 5     

______________________________________________________________________________ 

p(oj)                                               0.50           0.75        

v(il), Volume for stream 2 or 5                                                

v(i2), Volume for stream 3 or 6                                                

s(il), Saturation flow rate for stream 2 or 5                                  

s(i2), Saturation flow rate for stream 3 or 6                                  

P*(oj)                                                                         

d(M,LT), Delay for stream 1 or 4                    76.7           11.4        

N, Number of major street through lanes                                        

d(rank,1) 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 & Potsdam 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:   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                      30     1870   30       80     1000   50            

Peak-Hour Factor, PHF       0.93   0.93   0.93     0.93   0.93   0.93          

Hourly Flow Rate, HFR       32     2010   32       86     1075   53            

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                      40     10     140      330    10     60            

Peak Hour Factor, PHF       0.93   0.93   0.93     0.93   0.93   0.93          

Hourly Flow Rate, HFR       43     10     150      354    10     64            

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)             32     86     43            160            428             

C(m) (vph)          592    271    0             31             0               

v/c                 0.05   0.32                 5.16                           

95% queue length    0.17   1.32                 19.24                          

Control Delay       11.4   24.3                 2128                           

LOS                  B      C      F             F              F              

Approach Delay                                                                 

Approach LOS                                                                   

______________________________________________________________________________ 

                                                                               



                                                                               

                                                                               

                  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 & Potsdam 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:   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                     30     1870   30     80     1000   50               

Peak-Hour Factor, PHF      0.93   0.93   0.93   0.93   0.93   0.93             

Peak-15 Minute Volume      8      503    8      22     269    13               

Hourly Flow Rate, HFR      32     2010   32     86     1075   53               

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                     40     10     140    330    10     60               

Peak Hour Factor, PHF      0.93   0.93   0.93   0.93   0.93   0.93             

Peak-15 Minute Volume      11     3      38     89     3      16               

Hourly Flow Rate, HFR      43     10     150    354    10     64               

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      1370    1800     3       35      77      40       1425        

S5  Left-Turn    0       1800     3       0       20      40       1575        

    Through      870     1800     3       4       20      40       1575        

______________________________________________________________________________ 

                                                                               

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

______________________________________________________________________________ 

                                           Movement 2     Movement 5           

______________________________________________________________________________ 

Shared ln volume, major th vehicles:                                           

Shared ln 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,g)                         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,lt)          0.00   0.00   0.00   0.00   0.00   0.00   0.00   0.00         

t(c,T):  1-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)     1-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                                   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(q1)                                    16.0     0.0      3.9      0.0        

g(q2)                                    9.8      0.0      1.2      0.0        

g(q)                                     25.8     0.0      5.1      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, f        1.000    1.000    1.000    1.000      

Max platooned flow, V(c,max)             3423     0        1505     0          

Min platooned flow, V(c,min)             2000     2000     2000     2000       

Duration of blocked period, t(p)         28.1     0.0      0.0      0.0        

Proportion time blocked, p                    0.364             0.000          

______________________________________________________________________________ 

Computation 3-Platoon Event Periods     Result                                 

______________________________________________________________________________ 

p(2)                                    0.364                                  

p(5)                                    0.000                                  

p(dom)                                  0.364                                  

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 II               

______________________________________________________________________________ 

p(1)                      1.000                                                

p(4)                      0.636                                                

p(7)                      0.636                                                

p(8)                      0.636                                                

p(9)                      0.636                                                

p(10)                     0.636                                                

p(11)                     0.636                                                

p(12)                     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 c,x                  1128   2042   2804   3390   1021   2348   3380   564    

s                      3000   3000   3000   3000   3000   3000   3000   3000   

Px                     1.000  0.636  0.636  0.636  0.636  0.636  0.636  1.000  

V c,u,x                1128   1493   2692   3614   0      1974   3598   564    

______________________________________________________________________________ 

C r,x                  592    426    10     5      1084   37     5      523    

C plat,x               592    271    6      3      689    24     3      523    

______________________________________________________________________________ 

Two-Stage Process                                                              

                     7               8              10              11         



              Stage1  Stage2  Stage1  Stage2  Stage1  Stage2  Stage1  Stage2   

______________________________________________________________________________ 

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                               1021             564           

Potential Capacity                              689              523           

Pedestrian Impedance Factor                     1.00             1.00          

Movement Capacity                               689              523           

Probability of Queue free St.                   0.78             0.88          

______________________________________________________________________________ 

Step 2: LT from Major St.                          4                1          

______________________________________________________________________________ 

Conflicting Flows                               2042             1128          

Potential Capacity                              271              592           

Pedestrian Impedance Factor                     1.00             1.00          

Movement Capacity                               271              592           

Probability of Queue free St.                   0.68             0.95          

Maj L-Shared Prob Q free St.                                                   

______________________________________________________________________________ 

Step 3: TH from Minor St.                          8               11          

______________________________________________________________________________ 

Conflicting Flows                               3390             3380          

Potential Capacity                              3                3             

Pedestrian Impedance Factor                     1.00             1.00          

Cap. Adj. factor due to Impeding mvmnt          0.65             0.65          

Movement Capacity                               2                2             

Probability of Queue free St.                   0.00             0.00          

______________________________________________________________________________ 

Step 4: LT from Minor St.                          7               10          

______________________________________________________________________________ 

Conflicting Flows                               2804             2348          

Potential Capacity                              6                24            

Pedestrian Impedance Factor                     1.00             1.00          

Maj. L, Min T Impedance factor                  0.00             0.00          

Maj. L, Min T Adj. Imp Factor.                  0.00             0.00          

Cap. Adj. factor due to Impeding mvmnt          0.00             0.00          

Movement Capacity                               0                0             

______________________________________________________________________________ 

                                                                               

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                               3390             3380          

Potential Capacity                              3                3             

Pedestrian Impedance Factor                     1.00             1.00          

Cap. Adj. factor due to Impeding mvmnt          0.65             0.65          

Movement Capacity                               2                2             

______________________________________________________________________________ 

Result for 2 stage process:                                                    

a                                                                              

y                                                                              

C t                                             2                2             

Probability of Queue free St.                   0.00             0.00          

______________________________________________________________________________ 

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                               2804             2348          

Potential Capacity                              6                24            

Pedestrian Impedance Factor                     1.00             1.00          

Maj. L, Min T Impedance factor                  0.00             0.00          

Maj. L, Min T Adj. Imp Factor.                  0.00             0.00          

Cap. Adj. factor due to Impeding mvmnt          0.00             0.00          

Movement Capacity                               0                0             

______________________________________________________________________________ 

Results for Two-stage process:                                                 

a                                                                              

y                                                                              

C t                                             0                0             

______________________________________________________________________________ 

                                                                               

Worksheet 8-Shared Lane Calculations                                           

______________________________________________________________________________ 

Movement                              7      8      9     10     11     12     

                                      L      T      R      L      T      R     

______________________________________________________________________________ 

Volume (vph)                         43     10     150    354    10     64     

Movement Capacity (vph)              0      2      689    0      2      523    

Shared Lane Capacity (vph)                         31            0             

______________________________________________________________________________ 



                                                                               

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                                0      2      689    0      2      523    

Volume                               43     10     150    354    10     64     

Delay                                                                          

Q sep                                                                          

Q sep +1                                                                       

round (Qsep +1)                                                                

______________________________________________________________________________ 

n max                                                                          

C sh                                               31            0             

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      L             TR             LTR            

______________________________________________________________________________ 

v (vph)             32     86     43            160            428             

C(m) (vph)          592    271    0             31             0               

v/c                 0.05   0.32                 5.16                           

95% queue length    0.17   1.32                 19.24                          

Control Delay       11.4   24.3                 2128                           

LOS                  B      C      F             F              F              

Approach Delay                                                                 

Approach LOS                                                                   

______________________________________________________________________________ 

                                                                               

Worksheet 11-Shared Major LT Impedance and Delay                               

______________________________________________________________________________ 

                                                 Movement 2     Movement 5     

______________________________________________________________________________ 

p(oj)                                               0.95           0.68        

v(il), Volume for stream 2 or 5                                                

v(i2), Volume for stream 3 or 6                                                

s(il), Saturation flow rate for stream 2 or 5                                  

s(i2), Saturation flow rate for stream 3 or 6                                  

P*(oj)                                                                         

d(M,LT), Delay for stream 1 or 4                    11.4           24.3        

N, Number of major street through lanes                                        

d(rank,1) Delay for stream 2 or 5                                              

______________________________________________________________________________ 



HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Feb 3, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period AM Peak PHF 0.85

Intersection Benson Rd & Lewis Ave Analysis Year 2035 Analysis Period 1> 7:15

File Name 2035_NB_Benson_Rd_AM_WorstCase.xus

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 140 730 40 100 1500 300 30 30 50 80 30 120

Signal Information

Green

Yellow

Red

4.7 58.0 5.2 2.9 2.1 10.9

3.9 3.9 3.9 3.6 0.0 3.6

1.0 2.0 1.0 1.0 0.0 2.3

Cycle, s 110.0 Reference Phase 2

Offset, s 45 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 1 6 3 8 7 4

Case Number 1.3 4.0 1.2 3.0 2.0 4.0 2.0 3.0

Phase Duration, s 10.1 74.0 9.6 73.5 7.5 16.8 9.6 18.9

Change Period, (Y+Rc), s 6.1 6.1 4.9 5.9 4.6 5.9 4.6 5.9

Max Allow Headway (MAH), s 4.1 0.0 4.1 0.0 4.1 4.3 4.2 4.3

Queue Clearance Time (gs), s 2.0 4.7 4.3 8.2 5.1 12.1

Green Extension Time (ge), s 1.0 0.0 0.3 0.0 0.1 0.9 0.1 0.9

Phase Call Probability 0.99 0.94 0.66 1.00 0.94 1.00

Max Out Probability 1.00 0.00 0.00 0.00 0.04 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 165 457 449 91 1366 273 35 94 94 35 141

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1667 1617 1617 1439 1681 1586 1632 1765 1496

Queue Service Time (gs), s 0.0 17.7 18.2 2.7 31.3 9.5 2.3 6.2 3.1 2.0 10.1

Cycle Queue Clearance Time (gc), s 0.0 17.7 18.2 2.7 31.3 9.5 2.3 6.2 3.1 2.0 10.1

Green Ratio (g/C) 0.55 0.62 0.62 0.59 0.61 0.61 0.03 0.10 0.05 0.12 0.12

Capacity (c), veh/h 213 1047 1028 346 1988 885 45 157 148 208 177

Volume-to-Capacity Ratio (X) 0.772 0.436 0.436 0.263 0.687 0.309 0.793 0.598 0.637 0.169 0.800

Available Capacity (ca), veh/h 214 1047 1028 1036 1988 885 373 382 368 458 388

Back of Queue (Q), veh/ln (95th percentile) 8.2 10.8 11.0 1.4 11.8 3.0 2.3 4.7 2.5 1.6 6.9

Queue Storage Ratio (RQ) (95th percentile) 1.07 0.11 0.11 0.48 0.10 0.45 1.17 0.12 0.16 0.04 0.18

Uniform Delay (d1), s/veh 40.2 13.7 14.3 12.4 14.4 1.5 53.2 47.4 51.6 43.7 2.7

Incremental Delay (d2), s/veh 12.9 1.1 1.1 0.0 0.2 0.1 26.2 3.6 4.5 0.4 8.1

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 53.1 14.8 15.4 12.4 14.6 1.6 79.4 51.0 56.1 44.0 10.7

Level of Service (LOS) D B B B B A E D E D B

Approach Delay, s/veh / LOS 20.9 C 12.4 B 58.8 E 30.9 C

Intersection Delay, s/veh / LOS 18.7 B

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.2 B 2.6 B 3.0 C 2.9 C

Bicycle LOS Score / LOS 1.4 A 2.3 B 0.7 A 0.9 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Feb 3, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period PM Peak PHF 0.93

Intersection Benson Rd & Lewis Ave Analysis Year 2035 Analysis Period 1> 4:30

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 80 1370 30 60 770 100 50 40 130 390 40 110

Signal Information

Green

Yellow

Red

4.0 38.9 4.9 4.3 7.0 14.8

3.9 3.9 3.9 3.6 3.6 3.6

1.0 2.2 1.0 1.0 1.0 2.3

Cycle, s 105.0 Reference Phase 2

Offset, s 98 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 1 6 3 8 7 4

Case Number 1.3 4.0 1.2 3.0 2.0 4.0 2.0 3.0

Phase Duration, s 9.8 54.8 8.9 54.0 8.9 20.7 20.5 32.3

Change Period, (Y+Rc), s 6.1 6.1 4.9 6.1 4.6 5.9 4.6 5.9

Max Allow Headway (MAH), s 4.1 0.0 4.1 0.0 4.1 4.3 4.2 4.3

Queue Clearance Time (gs), s 2.0 4.6 5.3 14.0 15.1 8.8

Green Extension Time (ge), s 1.4 0.0 0.2 0.0 0.1 0.8 0.7 1.3

Phase Call Probability 0.92 0.85 0.79 1.00 1.00 1.00

Max Out Probability 1.00 0.00 0.00 0.21 0.97 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 86 755 751 66 848 110 54 183 419 43 118

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1685 1617 1617 1439 1681 1551 1632 1765 1496

Queue Service Time (gs), s 0.0 43.5 43.7 2.6 18.6 5.0 3.3 12.0 13.1 2.0 6.8

Cycle Queue Clearance Time (gc), s 0.0 43.5 43.7 2.6 18.6 5.0 3.3 12.0 13.1 2.0 6.8

Green Ratio (g/C) 0.39 0.46 0.46 0.43 0.46 0.46 0.04 0.14 0.15 0.25 0.25

Capacity (c), veh/h 271 788 782 131 1475 656 70 219 494 443 376

Volume-to-Capacity Ratio (X) 0.317 0.958 0.960 0.504 0.575 0.168 0.772 0.833 0.849 0.097 0.315

Available Capacity (ca), veh/h 276 788 782 513 1475 656 455 319 603 556 472

Back of Queue (Q), veh/ln (95th percentile) 3.1 18.1 17.8 1.8 10.1 2.9 3.1 9.0 9.9 1.5 4.2

Queue Storage Ratio (RQ) (95th percentile) 0.41 0.18 0.18 0.63 0.09 0.43 1.55 0.23 0.63 0.04 0.11

Uniform Delay (d1), s/veh 31.6 18.4 18.1 25.7 17.8 3.2 49.8 43.9 43.4 30.2 3.5

Incremental Delay (d2), s/veh 0.2 11.5 11.9 2.6 1.4 0.5 16.3 11.7 9.4 0.1 0.5

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

Control Delay (d), s/veh 31.9 29.9 30.0 28.3 19.2 3.6 66.2 55.6 52.8 30.3 4.0

Level of Service (LOS) C C C C B A E E D C A

Approach Delay, s/veh / LOS 30.0 C 18.1 B 58.0 E 41.2 D

Intersection Delay, s/veh / LOS 30.3 C

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.3 B 2.6 B 3.0 C 2.8 C

Bicycle LOS Score / LOS 1.8 A 1.3 A 0.9 A 1.4 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Feb 3, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period AM Peak PHF 0.85

Intersection Benson Rd & Cliff Ave Analysis Year 2035 Analysis Period 1> 7:15

File Name 2035_NB_Benson_Rd_AM_WorstCase.xus

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 100 550 60 80 1300 270 130 260 90 270 350 150

Signal Information

Green

Yellow

Red

5.0 45.5 5.5 7.5 4.0 15.5

3.0 3.5 3.0 3.0 3.0 3.5

1.0 2.0 1.0 1.0 1.0 2.0

Cycle, s 110.0 Reference Phase 2

Offset, s 0 Reference Point Begin

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 1 6 3 8 7 4

Case Number 1.2 4.0 1.3 4.0 1.1 3.0 1.1 3.0

Phase Duration, s 9.0 60.0 9.5 60.5 11.5 21.0 19.5 29.0

Change Period, (Y+Rc), s 4.0 5.5 5.5 5.5 4.0 5.5 4.0 5.5

Max Allow Headway (MAH), s 4.1 0.0 4.1 0.0 4.1 4.1 4.1 4.1

Queue Clearance Time (gs), s 6.5 2.0 9.5 11.6 17.5 14.2

Green Extension Time (ge), s 0.0 0.0 1.4 0.0 0.0 1.6 0.0 3.0

Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00

Max Out Probability 1.00 1.00 1.00 1.00 1.00 0.32

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 118 365 353 75 751 717 153 306 106 318 412 176

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1639 1617 1698 1597 1664 1664 1481 1664 1664 1481

Queue Service Time (gs), s 4.5 15.2 15.2 0.0 36.7 37.2 7.5 9.6 7.0 15.5 12.2 11.0

Cycle Queue Clearance Time (gc), s 4.5 15.2 15.2 0.0 36.7 37.2 7.5 9.6 7.0 15.5 12.2 11.0

Green Ratio (g/C) 0.48 0.50 0.50 0.43 0.50 0.50 0.21 0.14 0.18 0.30 0.21 0.26

Capacity (c), veh/h 166 842 813 363 849 798 247 468 262 351 710 384

Volume-to-Capacity Ratio (X) 0.708 0.433 0.434 0.206 0.885 0.898 0.618 0.654 0.404 0.904 0.580 0.460

Available Capacity (ca), veh/h 166 842 813 363 849 798 247 468 262 351 710 384

Back of Queue (Q), veh/ln (95th percentile) 4.7 10.0 9.8 2.5 12.6 11.1 2.0 7.7 4.3 15.1 8.9 7.7

Queue Storage Ratio (RQ) (95th percentile) 0.62 0.26 0.26 0.44 0.12 0.11 0.17 0.20 0.44 1.93 0.23 0.66

Uniform Delay (d1), s/veh 25.5 17.8 17.8 24.0 12.0 10.9 39.1 44.7 2.6 35.9 38.8 34.3

Incremental Delay (d2), s/veh 22.4 1.6 1.7 0.8 9.0 10.5 11.1 7.0 4.6 28.9 3.4 3.9

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 47.9 19.4 19.5 24.9 21.0 21.4 50.2 51.7 7.1 64.8 42.3 38.2

Level of Service (LOS) D B B C C C D D A E D D

Approach Delay, s/veh / LOS 23.5 C 21.4 C 42.9 D 49.4 D

Intersection Delay, s/veh / LOS 31.6 C

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 3.0 C 2.9 C 2.9 C 2.8 C

Bicycle LOS Score / LOS 1.2 A 2.1 B 1.0 A 1.2 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Feb 3, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period PM Peak PHF 0.93

Intersection Benson Rd & Cliff Ave Analysis Year 2035 Analysis Period 1> 4:30

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 130 900 150 190 640 100 120 450 250 330 370 110

Signal Information

Green

Yellow

Red

11.0 30.5 5.0 6.0 6.0 19.5

3.0 3.5 3.0 3.0 3.0 3.5

1.0 2.0 1.0 1.0 1.0 2.0

Cycle, s 105.0 Reference Phase 2

Offset, s 0 Reference Point Begin

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 1 6 3 8 7 4

Case Number 1.3 4.0 1.2 4.0 1.1 3.0 1.1 3.0

Phase Duration, s 9.0 45.0 15.0 51.0 10.0 25.0 20.0 35.0

Change Period, (Y+Rc), s 5.5 5.5 4.0 5.5 4.0 5.5 4.0 5.5

Max Allow Headway (MAH), s 4.1 0.0 4.1 0.0 4.1 4.1 4.1 4.1

Queue Clearance Time (gs), s 2.0 11.9 8.0 18.5 18.0 12.3

Green Extension Time (ge), s 0.9 0.0 0.0 0.0 0.0 0.6 0.0 5.1

Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00

Max Out Probability 1.00 1.00 1.00 1.00 1.00 0.12

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 140 579 550 208 416 396 129 484 269 355 398 118

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1613 1617 1698 1618 1664 1664 1481 1664 1664 1481

Queue Service Time (gs), s 0.0 33.9 33.9 9.9 15.2 14.4 6.0 14.5 16.5 16.0 10.3 6.2

Cycle Queue Clearance Time (gc), s 0.0 33.9 33.9 9.9 15.2 14.4 6.0 14.5 16.5 16.0 10.3 6.2

Green Ratio (g/C) 0.30 0.38 0.38 0.41 0.43 0.43 0.24 0.19 0.29 0.36 0.28 0.31

Capacity (c), veh/h 296 639 607 238 736 701 307 618 430 355 935 465

Volume-to-Capacity Ratio (X) 0.472 0.906 0.907 0.876 0.565 0.566 0.420 0.783 0.625 0.999 0.426 0.254

Available Capacity (ca), veh/h 296 639 607 238 736 701 307 618 430 355 935 465

Back of Queue (Q), veh/ln (95th percentile) 6.2 23.0 22.2 7.4 8.3 7.5 5.4 10.8 10.7 17.2 7.5 3.4

Queue Storage Ratio (RQ) (95th percentile) 0.82 0.60 0.58 1.29 0.08 0.07 0.46 0.28 1.09 2.20 0.19 0.29

Uniform Delay (d1), s/veh 32.6 31.0 31.0 20.0 14.4 13.1 32.9 40.7 32.3 31.2 30.8 6.8

Incremental Delay (d2), s/veh 5.3 18.8 19.7 28.6 2.5 2.7 4.2 9.6 6.7 47.4 1.4 1.3

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 37.9 49.8 50.7 48.6 17.0 15.8 37.1 50.3 39.0 78.6 32.2 8.1

Level of Service (LOS) D D D D B B D D D E C A

Approach Delay, s/veh / LOS 48.9 D 23.0 C 44.9 D 47.9 D

Intersection Delay, s/veh / LOS 41.3 D

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.9 C 3.0 C 2.8 C 2.8 C

Bicycle LOS Score / LOS 1.5 A 1.3 A 1.2 A 1.2 A
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                 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 & 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:  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% queue 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):  0.25         

                                                                               

________________________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)                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       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 ln volume, major th vehicles:         0                                 

Shared ln 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,g)                         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,lt)          0.00                               0.70          0.00         

t(c,T):  1-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)     1-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(f,base)        2.20                               3.50          3.30         

t(f,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(q1)                                    3.4      0.0                          

g(q2)                                    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, f        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(5)                                    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 II               

______________________________________________________________________________ 

p(1)                      1.000                                                

p(4)                                                                           

p(7)                                                                           

p(8)                                                                           

p(9)                                                                           

p(10)                     1.000                                                

p(11)                                                                          

p(12)                     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 c,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                                                              

                     7               8              10              11         



              Stage1  Stage2  Stage1  Stage2  Stage1  Stage2  Stage1  Stage2   

______________________________________________________________________________ 

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             1.00          

Cap. Adj. factor due to Impeding mvmnt          0.51             0.51          

Movement Capacity                                                              

______________________________________________________________________________ 

Result for 2 stage process:                                                    

a                                                                              

y                                                                              

C t                                                                            

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                                                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            

______________________________________________________________________________ 

Results for Two-stage process:                                                 

a                                                                              

y                                                                              

C t                                                              22            

______________________________________________________________________________ 

                                                                               

Worksheet 8-Shared Lane Calculations                                           

______________________________________________________________________________ 

Movement                              7      8      9     10     11     12     

                                      L      T      R      L      T      R     

______________________________________________________________________________ 

Volume (vph)                                              117           199    

Movement Capacity (vph)                                   22            363    

Shared Lane Capacity (vph)                                       54            

______________________________________________________________________________ 



                                                                               

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                                                     22            363    

Volume                                                    117           199    

Delay                                                                          

Q sep                                                                          

Q sep +1                                                                       

round (Qsep +1)                                                                

______________________________________________________________________________ 

n max                                                                          

C sh                                                             54            

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          LT                                         LR             

______________________________________________________________________________ 

v (vph)             176                                        316             

C(m) (vph)          359                                        54              

v/c                 0.49                                       5.85            

95% queue length    2.59                                       36.04           

Control Delay       24.3                                       2333            

LOS                  C                                          F              

Approach Delay                                                 2333            

Approach LOS                                                    F              

______________________________________________________________________________ 

                                                                               

Worksheet 11-Shared Major LT Impedance and Delay                               

______________________________________________________________________________ 

                                                 Movement 2     Movement 5     

______________________________________________________________________________ 

p(oj)                                               0.51           1.00        

v(il), Volume for stream 2 or 5                     0                          

v(i2), Volume for stream 3 or 6                     0                          

s(il), Saturation flow rate for stream 2 or 5       1800                       

s(i2), Saturation flow rate for stream 3 or 6       1800                       

P*(oj)                                              0.51                       

d(M,LT), Delay for stream 1 or 4                    24.3                       

N, Number of major street through lanes             2                          

d(rank,1) 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 & 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:  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% queue 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 ln volume, major th vehicles:         0                                 

Shared ln 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,g)                         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,lt)          0.00                               0.70          0.00         

t(c,T):  1-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)     1-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(f,base)        2.20                               3.50          3.30         

t(f,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(q1)                                    11.8     0.0                          

g(q2)                                    6.8      0.0                          

g(q)                                     18.6     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, f        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                                 

______________________________________________________________________________ 

p(2)                                    0.211                                  

p(5)                                    0.000                                  

p(dom)                                  0.211                                  

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 II               

______________________________________________________________________________ 

p(1)                      1.000                                                

p(4)                                                                           

p(7)                                                                           

p(8)                                                                           

p(9)                                                                           

p(10)                     0.789                                                

p(11)                                                                          

p(12)                     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 c,x                  848                                1840          424    

s                      3000                               3000          3000   

Px                     1.000                              0.789         1.000  

V c,u,x                848                                1529          424    

______________________________________________________________________________ 

C r,x                  760                                108           628    

C plat,x               760                                85            628    

______________________________________________________________________________ 

Two-Stage Process                                                              

                     7               8              10              11         



              Stage1  Stage2  Stage1  Stage2  Stage1  Stage2  Stage1  Stage2   

______________________________________________________________________________ 

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             1.00          

Cap. Adj. factor due to Impeding mvmnt          0.76             0.76          

Movement Capacity                                                              

______________________________________________________________________________ 

Result for 2 stage process:                                                    

a                                                                              

y                                                                              

C t                                                                            

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                                                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            

______________________________________________________________________________ 

Results for Two-stage process:                                                 

a                                                                              

y                                                                              

C t                                                              65            

______________________________________________________________________________ 

                                                                               

Worksheet 8-Shared Lane Calculations                                           

______________________________________________________________________________ 

Movement                              7      8      9     10     11     12     

                                      L      T      R      L      T      R     

______________________________________________________________________________ 

Volume (vph)                                              376           161    

Movement Capacity (vph)                                   65            628    

Shared Lane Capacity (vph)                                       89            

______________________________________________________________________________ 



                                                                               

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                                                     65            628    

Volume                                                    376           161    

Delay                                                                          

Q sep                                                                          

Q sep +1                                                                       

round (Qsep +1)                                                                

______________________________________________________________________________ 

n max                                                                          

C sh                                                             89            

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          LT                                         LR             

______________________________________________________________________________ 

v (vph)             182                                        537             

C(m) (vph)          760                                        89              

v/c                 0.24                                       6.03            

95% queue length    0.93                                       59.39           

Control Delay       11.2                                       2358            

LOS                  B                                          F              

Approach Delay                                                 2358            

Approach LOS                                                    F              

______________________________________________________________________________ 

                                                                               

Worksheet 11-Shared Major LT Impedance and Delay                               

______________________________________________________________________________ 

                                                 Movement 2     Movement 5     

______________________________________________________________________________ 

p(oj)                                               0.76           1.00        

v(il), Volume for stream 2 or 5                     0                          

v(i2), Volume for stream 3 or 6                     0                          

s(il), Saturation flow rate for stream 2 or 5       1800                       

s(i2), Saturation flow rate for stream 3 or 6       1800                       

P*(oj)                                              0.76                       

d(M,LT), Delay for stream 1 or 4                    11.2                       

N, Number of major street through lanes             2                          

d(rank,1) Delay for stream 2 or 5                                              

______________________________________________________________________________ 



HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Oct 10, 2014 Area Type Other

Jurisdiction Sioux Falls, SD Time Period AM Peak PHF 0.85

Intersection Benson Rd & Hall Ave Analysis Year 2035 Analysis Period 1> 7:15

File Name 2035_NB_Benson_Rd_AM_BestCase.xus

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 150 370 30 50 1230 120 110 150 70 50 10 40

Signal Information

Green

Yellow
Red

70.0 26.0 0.0 0.0 0.0 0.0

5.0 5.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7

Cycle, s 110.0 Reference Phase 2

Offset, s 107 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 2 6 8 4

Case Number 8.0 8.0 8.0 8.0

Phase Duration, s 77.0 77.0 33.0 33.0

Change Period, (Y+Rc), s 7.0 7.0 7.0 7.0

Max Allow Headway (MAH), s 0.0 0.0 4.1 4.1

Queue Clearance Time (gs), s 28.0 12.6

Green Extension Time (ge), s 0.0 0.0 0.0 1.6

Phase Call Probability 1.00 1.00

Max Out Probability 1.00 0.03

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 176 471 860 787 388 118

Adjusted Saturation Flow Rate (s), veh/h/ln 113 1525 1621 1497 1483 965

Queue Service Time (gs), s 25.7 11.7 28.1 44.3 15.4 0.0

Cycle Queue Clearance Time (gc), s 70.0 11.7 44.4 44.3 26.0 10.6

Green Ratio (g/C) 0.64 0.64 0.64 0.64 0.24 0.24

Capacity (c), veh/h 137 970 1066 953 394 277

Volume-to-Capacity Ratio (X) 1.285 0.485 0.806 0.826 0.985 0.424

Available Capacity (ca), veh/h 137 970 1066 953 394 277

Back of Queue (Q), veh/ln (95th percentile) 17.7 5.5 22.4 21.4 21.6 4.9

Queue Storage Ratio (RQ) (95th percentile) 0.16 0.05 0.59 0.56 0.55 0.12

Uniform Delay (d1), s/veh 37.9 5.5 15.1 15.3 43.5 35.6

Incremental Delay (d2), s/veh 170.4 1.6 6.5 8.1 41.2 0.4

Initial Queue Delay (d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0

Control Delay (d), s/veh 208.3 7.1 21.6 23.5 84.7 36.0

Level of Service (LOS) F A C C F D

Approach Delay, s/veh / LOS 62.0 E 22.5 C 84.7 F 36.0 D

Intersection Delay, s/veh / LOS 40.8 D

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.1 B 2.1 B 2.7 B 2.7 B

Bicycle LOS Score / LOS 1.0 A 1.8 A 1.1 A 0.7 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Oct 10, 2014 Area Type Other

Jurisdiction Sioux Falls, SD Time Period PM Peak PHF 0.93

Intersection Benson Rd & Hall Ave Analysis Year 2035 Analysis Period 1> 4:30

File Name 2035_NB_Benson_Rd_PM_BestCase.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 50 1250 100 60 740 40 30 20 60 130 150 150

Signal Information

Green

Yellow
Red

65.0 26.0 0.0 0.0 0.0 0.0

5.0 5.0 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7

Cycle, s 105.0 Reference Phase 2

Offset, s 101 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 2 6 8 4

Case Number 8.0 8.0 8.0 8.0

Phase Duration, s 72.0 72.0 33.0 33.0

Change Period, (Y+Rc), s 7.0 7.0 7.0 7.0

Max Allow Headway (MAH), s 0.0 0.0 3.5 3.5

Queue Clearance Time (gs), s 8.8 28.0

Green Extension Time (ge), s 0.0 0.0 1.5 0.0

Phase Call Probability 1.00 1.00

Max Out Probability 0.00 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 693 809 220 683 118 462

Adjusted Saturation Flow Rate (s), veh/h/ln 1267 1509 470 1528 1201 1474

Queue Service Time (gs), s 21.1 41.1 14.1 32.4 0.0 19.2

Cycle Queue Clearance Time (gc), s 50.8 41.1 52.2 32.4 6.8 26.0

Green Ratio (g/C) 0.62 0.62 0.62 0.62 0.25 0.25

Capacity (c), veh/h 821 934 335 946 341 410

Volume-to-Capacity Ratio (X) 0.843 0.866 0.656 0.722 0.347 1.129

Available Capacity (ca), veh/h 821 934 335 946 341 410

Back of Queue (Q), veh/ln (95th percentile) 11.1 15.6 5.4 16.2 4.5 29.7

Queue Storage Ratio (RQ) (95th percentile) 0.10 0.14 0.14 0.43 0.11 0.76

Uniform Delay (d1), s/veh 11.6 10.8 17.8 13.8 32.1 41.1

Incremental Delay (d2), s/veh 8.7 9.0 9.6 4.8 0.6 84.5

Initial Queue Delay (d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0

Control Delay (d), s/veh 20.4 19.8 27.4 18.6 32.7 125.6

Level of Service (LOS) C B C B C F

Approach Delay, s/veh / LOS 20.0 C 20.7 C 32.7 C 125.6 F

Intersection Delay, s/veh / LOS 37.1 D

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.1 B 2.1 B 2.7 B 2.7 B

Bicycle LOS Score / LOS 1.7 A 1.2 A 0.7 A 1.3 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Oct 10, 2014 Area Type Other

Jurisdiction Sioux Falls, SD Time Period AM Peak PHF 0.85

Intersection Benson Rd & I-229 NB RampsAnalysis Year 2035 Analysis Period 1> 7:15

File Name 2035_NB_Benson_Rd_AM_BestCase.xus

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 0 80

Signal Information

Green

Yellow
Red

49.5 49.5 0.0 0.0 0.0 0.0

3.5 3.5 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7

Cycle, s 110.0 Reference Phase 2

Offset, s 106 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

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 3 8 18

Adjusted Flow Rate (v), veh/h 94 553 1588 0 1859 86

Adjusted Saturation Flow Rate (s), veh/h/ln 308 1617 1617 1439 1278 1439

Queue Service Time (gs), s 0.0 13.7 49.5 0.0 49.5 3.8

Cycle Queue Clearance Time (gc), s 49.5 13.7 49.5 0.0 49.5 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 1.092 0.000 1.617 0.133

Available Capacity (ca), veh/h 65 1455 1455 648 1150 648

Back of Queue (Q), veh/ln (95th percentile) 11.8 8.9 27.7 0.0 93.3 2.2

Queue Storage Ratio (RQ) (95th percentile) 3.08 0.08 0.25 0.00 2.45 0.06

Uniform Delay (d1), s/veh 61.9 23.1 18.1 0.0 30.3 17.7

Incremental Delay (d2), s/veh 258.0 0.7 47.3 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 65.4 0.0 311.7 17.8

Level of Service (LOS) F C F F B

Approach Delay, s/veh / LOS 66.8 E 65.4 E 298.8 F 0.0

Intersection Delay, s/veh / LOS 174.2 F

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
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Oct 10, 2014 Area Type Other

Jurisdiction Sioux Falls, SD Time Period PM Peak PHF 0.93

Intersection Benson Rd & I-229 NB RampsAnalysis Year 2035 Analysis Period 1> 4:30

File Name 2035_NB_Benson_Rd_PM_BestCase.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

Green

Yellow
Red

75.2 18.8 0.0 0.0 0.0 0.0

3.5 3.5 0.0 0.0 0.0 0.0
2.0 2.0 0.0 0.0 0.0 0.0

1 2 3 4

5 6 7

Cycle, s 105.0 Reference Phase 2

Offset, s 10 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

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 80.7 80.7 24.3

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 16.4

Green Extension Time (ge), s 0.0 0.0 2.4

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 3 8 18

Adjusted Flow Rate (v), veh/h 182 1126 902 10 387 205

Adjusted Saturation Flow Rate (s), veh/h/ln 586 1617 1617 1439 1456 1439

Queue Service Time (gs), s 23.2 18.2 4.6 0.1 13.2 14.4

Cycle Queue Clearance Time (gc), s 26.1 18.2 4.6 0.1 13.2 14.4

Green Ratio (g/C) 0.72 0.72 0.72 0.72 0.18 0.18

Capacity (c), veh/h 463 2316 2316 1031 521 257

Volume-to-Capacity Ratio (X) 0.394 0.486 0.389 0.010 0.744 0.798

Available Capacity (ca), veh/h 463 2316 2316 1031 1067 528

Back of Queue (Q), veh/ln (95th percentile) 4.4 7.6 1.7 0.0 8.3 9.1

Queue Storage Ratio (RQ) (95th percentile) 1.16 0.07 0.02 0.00 0.22 0.24

Uniform Delay (d1), s/veh 14.8 8.1 1.8 1.1 40.8 41.3

Incremental Delay (d2), s/veh 0.6 0.2 0.3 0.0 2.1 5.6

Initial Queue Delay (d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0

Control Delay (d), s/veh 15.5 8.3 2.0 1.1 43.0 46.9

Level of Service (LOS) B A A A D D

Approach Delay, s/veh / LOS 9.3 A 2.0 A 44.3 D 0.0

Intersection Delay, s/veh / LOS 14.3 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
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                 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% queue 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+: 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 & 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 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            L  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                                       L      TR                  

______________________________________________________________________________ 

                                                                               

______________________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       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 ln volume, major th vehicles:                                           

Shared ln 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,g)                         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,lt)                 0.00                        0.70   0.00   0.00         

t(c,T):  1-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)     1-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(f,base)               2.20                        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      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(q1)                                    7.1      0.0      37.5     0.0        

g(q2)                                    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        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)                       33.163            17.857         

Smoothing Factor, F                           0.083             0.144          

Proportion of conflicting flow, f        1.000    1.000    1.000    1.000      

Max platooned flow, V(c,max)             1935     0        3600     0          

Min platooned flow, V(c,min)             2000     2000     2000     2000       

Duration of blocked period, t(p)         0.0      0.0      5.8      0.0        

Proportion time blocked, p                    0.000             0.052          

______________________________________________________________________________ 

Computation 3-Platoon Event Periods     Result                                 

______________________________________________________________________________ 

p(2)                                    0.000                                  

p(5)                                    0.052                                  

p(dom)                                  0.052                                  

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 II               

______________________________________________________________________________ 

p(1)                                                                           

p(4)                      1.000                                                

p(7)                                                                           

p(8)                                                                           

p(9)                                                                           

p(10)                     0.948                                                

p(11)                     0.948                                                

p(12)                     0.948                                                

______________________________________________________________________________ 

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 c,x                         987                         4051   4762   1558   

s                             3000                        3000   3000   3000   

Px                            1.000                       0.948  0.948  0.948  

V c,u,x                       987                         4109   4859   1479   

______________________________________________________________________________ 

C r,x                         672                         2      1      147    

C plat,x                      672                         2      1      139    

______________________________________________________________________________ 

Two-Stage Process                                                              

                     7               8              10              11         



              Stage1  Stage2  Stage1  Stage2  Stage1  Stage2  Stage1  Stage2   

______________________________________________________________________________ 

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                                                                              

y                                                                              

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                                                                              

y                                                                              

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            

______________________________________________________________________________ 

Movement                              7      8      9     10     11     12     

                                      L      T      R      L      T      R     

______________________________________________________________________________ 

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% queue 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(il), Saturation flow rate for stream 2 or 5                                  

s(i2), Saturation flow rate for stream 3 or 6                                  

P*(oj)                                                                         

d(M,LT), Delay for stream 1 or 4                                   15.4        

N, Number of major street through lanes                                        

d(rank,1) 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% queue length           11.38                                               

Control Delay              242.3                                               

LOS                         F                            F             F       

Approach Delay                                                                 

Approach LOS                                                                   

______________________________________________________________________________ 

                                                                               



                                                                               

                                                                               

                  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 & 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 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            L  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                                       L      TR                  

______________________________________________________________________________ 

                                                                               

______________________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       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 ln volume, major th vehicles:                                           

Shared ln 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,g)                         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,lt)                 0.00                        0.70   0.00   0.00         

t(c,T):  1-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)     1-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(f,base)               2.20                        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      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(q1)                                    16.0     0.0      3.9      0.0        

g(q2)                                    9.8      0.0      1.2      0.0        

g(q)                                     25.8     0.0      5.1      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)                       33.163            17.857         

Smoothing Factor, F                           0.083             0.144          

Proportion of conflicting flow, f        1.000    1.000    1.000    1.000      

Max platooned flow, V(c,max)             3215     0        1969     0          

Min platooned flow, V(c,min)             2000     2000     2000     2000       

Duration of blocked period, t(p)         25.6     0.0      0.0      0.0        

Proportion time blocked, p                    0.333             0.000          

______________________________________________________________________________ 

Computation 3-Platoon Event Periods     Result                                 

______________________________________________________________________________ 

p(2)                                    0.333                                  

p(5)                                    0.000                                  

p(dom)                                  0.333                                  

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 II               

______________________________________________________________________________ 

p(1)                                                                           

p(4)                      0.667                                                

p(7)                                                                           

p(8)                                                                           

p(9)                                                                           

p(10)                     0.667                                                

p(11)                     0.667                                                

p(12)                     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 c,x                         2515                        2137   4018   570    

s                             3000                        3000   3000   3000   

Px                            0.667                       0.667  0.667  1.000  

V c,u,x                       2273                        1706   4526   570    

______________________________________________________________________________ 

C r,x                         208                         79     1      508    

C plat,x                      139                         53     1      508    

______________________________________________________________________________ 

Two-Stage Process                                                              

                     7               8              10              11         



              Stage1  Stage2  Stage1  Stage2  Stage1  Stage2  Stage1  Stage2   

______________________________________________________________________________ 

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                                                570           

Potential Capacity                                               508           

Pedestrian Impedance Factor                     1.00             1.00          

Movement Capacity                                                508           

Probability of Queue free St.                   1.00             0.85          

______________________________________________________________________________ 

Step 2: LT from Major St.                          4                1          

______________________________________________________________________________ 

Conflicting Flows                               2515                           

Potential Capacity                              139                            

Pedestrian Impedance Factor                     1.00             1.00          

Movement Capacity                               139                            

Probability of Queue free St.                   0.00             1.00          

Maj L-Shared Prob Q free St.                                                   

______________________________________________________________________________ 

Step 3: TH from Minor St.                          8               11          

______________________________________________________________________________ 

Conflicting Flows                                                4018          

Potential Capacity                                               1             

Pedestrian Impedance Factor                     1.00             1.00          

Cap. Adj. factor due to Impeding mvmnt          0.00             0.00          

Movement Capacity                                                0             

Probability of Queue free St.                   1.00                           

______________________________________________________________________________ 

Step 4: LT from Minor St.                          7               10          

______________________________________________________________________________ 

Conflicting Flows                                                2137          

Potential Capacity                                               53            

Pedestrian Impedance Factor                     1.00             1.00          

Maj. L, Min T Impedance factor                                                 

Maj. L, Min T Adj. Imp Factor.                                                 

Cap. Adj. factor due to Impeding mvmnt                           0.00          

Movement Capacity                                                0             

______________________________________________________________________________ 

                                                                               

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                                                4018          

Potential Capacity                                               1             

Pedestrian Impedance Factor                     1.00             1.00          

Cap. Adj. factor due to Impeding mvmnt          0.00             0.00          

Movement Capacity                                                0             

______________________________________________________________________________ 

Result for 2 stage process:                                                    

a                                                                              

y                                                                              

C t                                                              0             

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                                                2137          

Potential Capacity                                               53            

Pedestrian Impedance Factor                     1.00             1.00          

Maj. L, Min T Impedance factor                                                 

Maj. L, Min T Adj. Imp Factor.                                                 

Cap. Adj. factor due to Impeding mvmnt                           0.00          

Movement Capacity                                                0             

______________________________________________________________________________ 

Results for Two-stage process:                                                 

a                                                                              

y                                                                              

C t                                                              0             

______________________________________________________________________________ 

                                                                               

Worksheet 8-Shared Lane Calculations                                           

______________________________________________________________________________ 

Movement                              7      8      9     10     11     12     

                                      L      T      R      L      T      R     

______________________________________________________________________________ 

Volume (vph)                                              43     0      75     

Movement Capacity (vph)                                   0      0      508    

Shared Lane Capacity (vph)                                              0      

______________________________________________________________________________ 



                                                                               

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                                                     0      0      508    

Volume                                                    43     0      75     

Delay                                                                          

Q sep                                                                          

Q sep +1                                                                       

round (Qsep +1)                                                                

______________________________________________________________________________ 

n max                                                                          

C sh                                                                    0      

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)                    182                          43            75       

C(m) (vph)                 139                          0             0        

v/c                        1.31                                                

95% queue length           11.38                                               

Control Delay              242.3                                               

LOS                         F                            F             F       

Approach Delay                                                                 

Approach LOS                                                                   

______________________________________________________________________________ 

                                                                               

Worksheet 11-Shared Major LT Impedance and Delay                               

______________________________________________________________________________ 

                                                 Movement 2     Movement 5     

______________________________________________________________________________ 

p(oj)                                               1.00           0.00        

v(il), Volume for stream 2 or 5                                                

v(i2), Volume for stream 3 or 6                                                

s(il), Saturation flow rate for stream 2 or 5                                  

s(i2), Saturation flow rate for stream 3 or 6                                  

P*(oj)                                                                         

d(M,LT), Delay for stream 1 or 4                                   242.3       

N, Number of major street through lanes                                        

d(rank,1) 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: AM Peak                                                  

Intersection:         E Benson Rd & Potsdam 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:   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                      40     730    50       160    2230   400           

Peak-Hour Factor, PHF       0.85   0.85   0.85     0.85   0.85   0.85          

Hourly Flow Rate, HFR       47     858    58       188    2623   470           

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                      30     10     80       30     30     30            

Peak Hour Factor, PHF       0.85   0.85   0.85     0.85   0.85   0.85          

Hourly Flow Rate, HFR       35     11     94       35     35     35            

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)             47     188    35            105            105             

C(m) (vph)          94     750    0             0                              

v/c                 0.50   0.25                                                

95% queue length    2.19   0.99                                                

Control Delay       76.7   11.4                                                

LOS                  F      B      F             F                             

Approach Delay                                                                 

Approach LOS                                                                   

______________________________________________________________________________ 

                                                                               



                                                                               

                                                                               

                  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 & Potsdam 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:   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                     40     730    50     160    2230   400              

Peak-Hour Factor, PHF      0.85   0.85   0.85   0.85   0.85   0.85             

Peak-15 Minute Volume      12     215    15     47     656    118              

Hourly Flow Rate, HFR      47     858    58     188    2623   470              

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                     30     10     80     30     30     30               

Peak Hour Factor, PHF      0.85   0.85   0.85   0.85   0.85   0.85             

Peak-15 Minute Volume      9      3      24     9      9      9                

Hourly Flow Rate, HFR      35     11     94     35     35     35               

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       1700     3       0       72      40       1425        

    Through      730     1700     3       37      72      40       1425        

S5  Left-Turn    0       1700     3       0       111     40       1575        

    Through      1350    1700     3       11      111     40       1575        

______________________________________________________________________________ 

                                                                               

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

______________________________________________________________________________ 

                                           Movement 2     Movement 5           

______________________________________________________________________________ 

Shared ln volume, major th vehicles:                                           

Shared ln 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,g)                         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,lt)          0.00   0.00   0.00   0.00   0.00   0.00   0.00   0.00         

t(c,T):  1-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)     1-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                                   730      0        1350     0          



Total Saturation Flow Rate, s (vph)      3400     3400     3400     3400       

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(q1)                                    7.5      0.0      39.7     0.0        

g(q2)                                    2.1      0.0      26.1     0.0        

g(q)                                     9.6      0.0      65.9     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, f        1.000    1.000    1.000    1.000      

Max platooned flow, V(c,max)             2287     0        3397     0          

Min platooned flow, V(c,min)             2000     2000     2000     2000       

Duration of blocked period, t(p)         3.7      0.0      2.6      0.0        

Proportion time blocked, p                    0.052             0.024          

______________________________________________________________________________ 

Computation 3-Platoon Event Periods     Result                                 

______________________________________________________________________________ 

p(2)                                    0.052                                  

p(5)                                    0.024                                  

p(dom)                                  0.052                                  

p(subo)                                 0.024                                  

Constrained or unconstrained?             U                                    

______________________________________________________________________________ 

Proportion                                                                     

unblocked                  (1)             (2)             (3)                 

for minor              Single-stage         Two-Stage Process                  

movements, p(x)          Process        Stage I         Stage II               

______________________________________________________________________________ 

p(1)                      0.976                                                

p(4)                      0.948                                                

p(7)                      0.937                                                

p(8)                      0.937                                                

p(9)                      0.948                                                

p(10)                     0.937                                                

p(11)                     0.937                                                

p(12)                     0.976                                                

______________________________________________________________________________ 

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 c,x                  3093   916    2685   4450   458    3762   4244   1546   

s                      3000   3000   3000   3000   3000   3000   3000   3000   

Px                     0.976  0.948  0.937  0.937  0.948  0.937  0.937  0.976  

V c,u,x                3095   803    2664   4548   320    3814   4328   1511   

______________________________________________________________________________ 

C r,x                  96     791    11     1      719    1      2      146    

C plat,x               94     750    10     1      682    1      2      143    

______________________________________________________________________________ 

Two-Stage Process                                                              

                     7               8              10              11         



              Stage1  Stage2  Stage1  Stage2  Stage1  Stage2  Stage1  Stage2   

______________________________________________________________________________ 

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                               458              1546          

Potential Capacity                              682              143           

Pedestrian Impedance Factor                     1.00             1.00          

Movement Capacity                               682              143           

Probability of Queue free St.                   0.86             0.76          

______________________________________________________________________________ 

Step 2: LT from Major St.                          4                1          

______________________________________________________________________________ 

Conflicting Flows                               916              3093          

Potential Capacity                              750              94            

Pedestrian Impedance Factor                     1.00             1.00          

Movement Capacity                               750              94            

Probability of Queue free St.                   0.75             0.50          

Maj L-Shared Prob Q free St.                                                   

______________________________________________________________________________ 

Step 3: TH from Minor St.                          8               11          

______________________________________________________________________________ 

Conflicting Flows                               4450             4244          

Potential Capacity                              1                2             

Pedestrian Impedance Factor                     1.00             1.00          

Cap. Adj. factor due to Impeding mvmnt          0.37             0.37          

Movement Capacity                               0                1             

Probability of Queue free St.                                    0.00          

______________________________________________________________________________ 

Step 4: LT from Minor St.                          7               10          

______________________________________________________________________________ 

Conflicting Flows                               2685             3762          

Potential Capacity                              10               1             

Pedestrian Impedance Factor                     1.00             1.00          

Maj. L, Min T Impedance factor                  0.00                           

Maj. L, Min T Adj. Imp Factor.                  0.00                           

Cap. Adj. factor due to Impeding mvmnt          0.00                           

Movement Capacity                               0                              

______________________________________________________________________________ 

                                                                               

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                               4450             4244          

Potential Capacity                              1                2             

Pedestrian Impedance Factor                     1.00             1.00          

Cap. Adj. factor due to Impeding mvmnt          0.37             0.37          

Movement Capacity                               0                1             

______________________________________________________________________________ 

Result for 2 stage process:                                                    

a                                                                              

y                                                                              

C t                                             0                1             

Probability of Queue free St.                                    0.00          

______________________________________________________________________________ 

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                               2685             3762          

Potential Capacity                              10               1             

Pedestrian Impedance Factor                     1.00             1.00          

Maj. L, Min T Impedance factor                  0.00                           

Maj. L, Min T Adj. Imp Factor.                  0.00                           

Cap. Adj. factor due to Impeding mvmnt          0.00                           

Movement Capacity                               0                              

______________________________________________________________________________ 

Results for Two-stage process:                                                 

a                                                                              

y                                                                              

C t                                             0                              

______________________________________________________________________________ 

                                                                               

Worksheet 8-Shared Lane Calculations                                           

______________________________________________________________________________ 

Movement                              7      8      9     10     11     12     

                                      L      T      R      L      T      R     

______________________________________________________________________________ 

Volume (vph)                         35     11     94     35     35     35     

Movement Capacity (vph)              0      0      682           1      143    

Shared Lane Capacity (vph)                         0                           

______________________________________________________________________________ 



                                                                               

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                                0      0      682           1      143    

Volume                               35     11     94     35     35     35     

Delay                                                                          

Q sep                                                                          

Q sep +1                                                                       

round (Qsep +1)                                                                

______________________________________________________________________________ 

n max                                                                          

C sh                                               0                           

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      L             TR             LTR            

______________________________________________________________________________ 

v (vph)             47     188    35            105            105             

C(m) (vph)          94     750    0             0                              

v/c                 0.50   0.25                                                

95% queue length    2.19   0.99                                                

Control Delay       76.7   11.4                                                

LOS                  F      B      F             F                             

Approach Delay                                                                 

Approach LOS                                                                   

______________________________________________________________________________ 

                                                                               

Worksheet 11-Shared Major LT Impedance and Delay                               

______________________________________________________________________________ 

                                                 Movement 2     Movement 5     

______________________________________________________________________________ 

p(oj)                                               0.50           0.75        

v(il), Volume for stream 2 or 5                                                

v(i2), Volume for stream 3 or 6                                                

s(il), Saturation flow rate for stream 2 or 5                                  

s(i2), Saturation flow rate for stream 3 or 6                                  

P*(oj)                                                                         

d(M,LT), Delay for stream 1 or 4                    76.7           11.4        

N, Number of major street through lanes                                        

d(rank,1) 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 & Potsdam 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:   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                      30     1870   30       80     1000   50            

Peak-Hour Factor, PHF       0.93   0.93   0.93     0.93   0.93   0.93          

Hourly Flow Rate, HFR       32     2010   32       86     1075   53            

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                      40     10     140      330    10     60            

Peak Hour Factor, PHF       0.93   0.93   0.93     0.93   0.93   0.93          

Hourly Flow Rate, HFR       43     10     150      354    10     64            

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)             32     86     43            160            428             

C(m) (vph)          592    271    0             31             0               

v/c                 0.05   0.32                 5.16                           

95% queue length    0.17   1.32                 19.24                          

Control Delay       11.4   24.3                 2128                           

LOS                  B      C      F             F              F              

Approach Delay                                                                 

Approach LOS                                                                   

______________________________________________________________________________ 

                                                                               



                                                                               

                                                                               

                  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 & Potsdam 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:   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                     30     1870   30     80     1000   50               

Peak-Hour Factor, PHF      0.93   0.93   0.93   0.93   0.93   0.93             

Peak-15 Minute Volume      8      503    8      22     269    13               

Hourly Flow Rate, HFR      32     2010   32     86     1075   53               

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                     40     10     140    330    10     60               

Peak Hour Factor, PHF      0.93   0.93   0.93   0.93   0.93   0.93             

Peak-15 Minute Volume      11     3      38     89     3      16               

Hourly Flow Rate, HFR      43     10     150    354    10     64               

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      1370    1800     3       35      77      40       1425        

S5  Left-Turn    0       1800     3       0       20      40       1575        

    Through      870     1800     3       4       20      40       1575        

______________________________________________________________________________ 

                                                                               

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

______________________________________________________________________________ 

                                           Movement 2     Movement 5           

______________________________________________________________________________ 

Shared ln volume, major th vehicles:                                           

Shared ln 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,g)                         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,lt)          0.00   0.00   0.00   0.00   0.00   0.00   0.00   0.00         

t(c,T):  1-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)     1-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                                   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(q1)                                    16.0     0.0      3.9      0.0        

g(q2)                                    9.8      0.0      1.2      0.0        

g(q)                                     25.8     0.0      5.1      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, f        1.000    1.000    1.000    1.000      

Max platooned flow, V(c,max)             3423     0        1505     0          

Min platooned flow, V(c,min)             2000     2000     2000     2000       

Duration of blocked period, t(p)         28.1     0.0      0.0      0.0        

Proportion time blocked, p                    0.364             0.000          

______________________________________________________________________________ 

Computation 3-Platoon Event Periods     Result                                 

______________________________________________________________________________ 

p(2)                                    0.364                                  

p(5)                                    0.000                                  

p(dom)                                  0.364                                  

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 II               

______________________________________________________________________________ 

p(1)                      1.000                                                

p(4)                      0.636                                                

p(7)                      0.636                                                

p(8)                      0.636                                                

p(9)                      0.636                                                

p(10)                     0.636                                                

p(11)                     0.636                                                

p(12)                     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 c,x                  1128   2042   2804   3390   1021   2348   3380   564    

s                      3000   3000   3000   3000   3000   3000   3000   3000   

Px                     1.000  0.636  0.636  0.636  0.636  0.636  0.636  1.000  

V c,u,x                1128   1493   2692   3614   0      1974   3598   564    

______________________________________________________________________________ 

C r,x                  592    426    10     5      1084   37     5      523    

C plat,x               592    271    6      3      689    24     3      523    

______________________________________________________________________________ 

Two-Stage Process                                                              

                     7               8              10              11         



              Stage1  Stage2  Stage1  Stage2  Stage1  Stage2  Stage1  Stage2   

______________________________________________________________________________ 

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                               1021             564           

Potential Capacity                              689              523           

Pedestrian Impedance Factor                     1.00             1.00          

Movement Capacity                               689              523           

Probability of Queue free St.                   0.78             0.88          

______________________________________________________________________________ 

Step 2: LT from Major St.                          4                1          

______________________________________________________________________________ 

Conflicting Flows                               2042             1128          

Potential Capacity                              271              592           

Pedestrian Impedance Factor                     1.00             1.00          

Movement Capacity                               271              592           

Probability of Queue free St.                   0.68             0.95          

Maj L-Shared Prob Q free St.                                                   

______________________________________________________________________________ 

Step 3: TH from Minor St.                          8               11          

______________________________________________________________________________ 

Conflicting Flows                               3390             3380          

Potential Capacity                              3                3             

Pedestrian Impedance Factor                     1.00             1.00          

Cap. Adj. factor due to Impeding mvmnt          0.65             0.65          

Movement Capacity                               2                2             

Probability of Queue free St.                   0.00             0.00          

______________________________________________________________________________ 

Step 4: LT from Minor St.                          7               10          

______________________________________________________________________________ 

Conflicting Flows                               2804             2348          

Potential Capacity                              6                24            

Pedestrian Impedance Factor                     1.00             1.00          

Maj. L, Min T Impedance factor                  0.00             0.00          

Maj. L, Min T Adj. Imp Factor.                  0.00             0.00          

Cap. Adj. factor due to Impeding mvmnt          0.00             0.00          

Movement Capacity                               0                0             

______________________________________________________________________________ 

                                                                               

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                               3390             3380          

Potential Capacity                              3                3             

Pedestrian Impedance Factor                     1.00             1.00          

Cap. Adj. factor due to Impeding mvmnt          0.65             0.65          

Movement Capacity                               2                2             

______________________________________________________________________________ 

Result for 2 stage process:                                                    

a                                                                              

y                                                                              

C t                                             2                2             

Probability of Queue free St.                   0.00             0.00          

______________________________________________________________________________ 

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                               2804             2348          

Potential Capacity                              6                24            

Pedestrian Impedance Factor                     1.00             1.00          

Maj. L, Min T Impedance factor                  0.00             0.00          

Maj. L, Min T Adj. Imp Factor.                  0.00             0.00          

Cap. Adj. factor due to Impeding mvmnt          0.00             0.00          

Movement Capacity                               0                0             

______________________________________________________________________________ 

Results for Two-stage process:                                                 

a                                                                              

y                                                                              

C t                                             0                0             

______________________________________________________________________________ 

                                                                               

Worksheet 8-Shared Lane Calculations                                           

______________________________________________________________________________ 

Movement                              7      8      9     10     11     12     

                                      L      T      R      L      T      R     

______________________________________________________________________________ 

Volume (vph)                         43     10     150    354    10     64     

Movement Capacity (vph)              0      2      689    0      2      523    

Shared Lane Capacity (vph)                         31            0             

______________________________________________________________________________ 



                                                                               

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                                0      2      689    0      2      523    

Volume                               43     10     150    354    10     64     

Delay                                                                          

Q sep                                                                          

Q sep +1                                                                       

round (Qsep +1)                                                                

______________________________________________________________________________ 

n max                                                                          

C sh                                               31            0             

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      L             TR             LTR            

______________________________________________________________________________ 

v (vph)             32     86     43            160            428             

C(m) (vph)          592    271    0             31             0               

v/c                 0.05   0.32                 5.16                           

95% queue length    0.17   1.32                 19.24                          

Control Delay       11.4   24.3                 2128                           

LOS                  B      C      F             F              F              

Approach Delay                                                                 

Approach LOS                                                                   

______________________________________________________________________________ 

                                                                               

Worksheet 11-Shared Major LT Impedance and Delay                               

______________________________________________________________________________ 

                                                 Movement 2     Movement 5     

______________________________________________________________________________ 

p(oj)                                               0.95           0.68        

v(il), Volume for stream 2 or 5                                                

v(i2), Volume for stream 3 or 6                                                

s(il), Saturation flow rate for stream 2 or 5                                  

s(i2), Saturation flow rate for stream 3 or 6                                  

P*(oj)                                                                         

d(M,LT), Delay for stream 1 or 4                    11.4           24.3        

N, Number of major street through lanes                                        

d(rank,1) Delay for stream 2 or 5                                              

______________________________________________________________________________ 



HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Oct 10, 2014 Area Type Other

Jurisdiction Sioux Falls, SD Time Period AM Peak PHF 0.85

Intersection Benson Rd & Lewis Ave Analysis Year 2035 Analysis Period 1> 7:15

File Name 2035_NB_Benson_Rd_AM_BestCase.xus

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 140 730 40 100 1500 300 30 30 50 80 30 120

Signal Information

Green

Yellow

Red

4.7 57.9 5.2 2.9 2.1 11.0

3.9 3.9 3.9 3.6 0.0 3.6

1.0 2.0 1.0 1.0 0.0 2.3

Cycle, s 110.0 Reference Phase 2

Offset, s 45 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 1 6 3 8 7 4

Case Number 1.3 4.0 1.2 3.0 2.0 4.0 2.0 3.0

Phase Duration, s 10.1 73.8 9.6 73.4 7.5 16.9 9.6 19.0

Change Period, (Y+Rc), s 6.1 6.1 4.9 5.9 4.6 5.9 4.6 5.9

Max Allow Headway (MAH), s 4.1 0.0 4.1 0.0 4.1 4.3 4.2 4.3

Queue Clearance Time (gs), s 2.0 4.7 4.3 8.2 5.1 12.1

Green Extension Time (ge), s 1.0 0.0 0.3 0.0 0.1 1.0 0.2 1.0

Phase Call Probability 0.99 0.94 0.66 1.00 0.94 1.00

Max Out Probability 1.00 0.00 0.00 0.00 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 165 457 449 91 1366 273 35 94 94 35 141

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1667 1617 1617 1439 1681 1586 1632 1765 1496

Queue Service Time (gs), s 0.0 17.8 18.2 2.7 31.7 9.6 2.3 6.2 3.1 2.0 10.1

Cycle Queue Clearance Time (gc), s 0.0 17.8 18.2 2.7 31.7 9.6 2.3 6.2 3.1 2.0 10.1

Green Ratio (g/C) 0.54 0.62 0.62 0.59 0.61 0.61 0.03 0.10 0.05 0.12 0.12

Capacity (c), veh/h 213 1045 1026 344 1983 883 45 159 150 210 178

Volume-to-Capacity Ratio (X) 0.774 0.438 0.438 0.265 0.689 0.310 0.786 0.593 0.628 0.168 0.792

Available Capacity (ca), veh/h 213 1045 1026 1120 1983 883 510 540 516 634 537

Back of Queue (Q), veh/ln (95th percentile) 8.1 10.8 11.0 1.4 12.1 3.1 2.3 4.7 2.5 1.6 6.9

Queue Storage Ratio (RQ) (95th percentile) 1.07 0.11 0.11 0.49 0.11 0.46 1.17 0.12 0.16 0.04 0.17

Uniform Delay (d1), s/veh 40.3 13.7 14.4 12.6 14.8 2.6 53.2 47.4 51.6 43.5 3.1

Incremental Delay (d2), s/veh 13.0 1.1 1.1 0.0 0.2 0.1 25.2 3.5 4.3 0.4 7.7

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 53.3 14.8 15.4 12.6 15.0 2.7 78.4 50.9 55.8 43.9 10.8

Level of Service (LOS) D B B B B A E D E D B

Approach Delay, s/veh / LOS 21.0 C 12.9 B 58.4 E 30.8 C

Intersection Delay, s/veh / LOS 19.0 B

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.2 B 2.6 B 3.0 C 2.9 C

Bicycle LOS Score / LOS 1.4 A 2.3 B 0.7 A 0.9 A

Copyright © 2016 University of Florida, All Rights Reserved. HCS 2010™ Streets Version 6.50 Generated: 5/18/2016 11:44:17 AM



HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Oct 10, 2014 Area Type Other

Jurisdiction Sioux Falls, SD Time Period PM Peak PHF 0.93

Intersection Benson Rd & Lewis Ave Analysis Year 2035 Analysis Period 1> 4:30

File Name 2035_NB_Benson_Rd_PM_BestCase.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 80 1370 30 60 770 100 50 40 130 390 40 110

Signal Information

Green

Yellow

Red

4.0 38.2 4.9 4.3 7.6 14.9

3.9 3.9 3.9 3.6 3.6 3.6

1.0 2.2 1.0 1.0 1.0 2.3

Cycle, s 105.0 Reference Phase 2

Offset, s 95 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 1 6 3 8 7 4

Case Number 1.3 4.0 1.2 3.0 2.0 4.0 2.0 3.0

Phase Duration, s 9.8 54.1 8.9 53.2 8.9 20.8 21.2 33.0

Change Period, (Y+Rc), s 6.1 6.1 4.9 6.1 4.6 5.9 4.6 5.9

Max Allow Headway (MAH), s 4.1 0.0 4.1 0.0 4.1 4.3 4.2 4.3

Queue Clearance Time (gs), s 2.0 4.5 5.3 14.0 15.0 8.7

Green Extension Time (ge), s 1.4 0.0 0.2 0.0 0.1 0.9 1.5 1.3

Phase Call Probability 0.92 0.85 0.79 1.00 1.00 1.00

Max Out Probability 1.00 0.00 0.00 0.11 0.01 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 86 751 747 65 830 108 54 183 419 43 118

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1685 1617 1617 1439 1681 1551 1632 1765 1496

Queue Service Time (gs), s 0.0 43.9 44.0 2.5 18.6 4.8 3.3 12.0 13.0 1.9 6.7

Cycle Queue Clearance Time (gc), s 0.0 43.9 44.0 2.5 18.6 4.8 3.3 12.0 13.0 1.9 6.7

Green Ratio (g/C) 0.38 0.46 0.46 0.42 0.45 0.45 0.04 0.14 0.16 0.26 0.26

Capacity (c), veh/h 269 775 769 132 1450 645 70 220 515 456 386

Volume-to-Capacity Ratio (X) 0.318 0.968 0.970 0.492 0.573 0.167 0.768 0.830 0.814 0.094 0.306

Available Capacity (ca), veh/h 273 775 769 764 1450 645 567 339 883 590 500

Back of Queue (Q), veh/ln (95th percentile) 2.8 15.6 15.3 1.8 10.2 2.8 3.0 8.9 9.3 1.5 4.2

Queue Storage Ratio (RQ) (95th percentile) 0.37 0.15 0.15 0.62 0.09 0.42 1.55 0.23 0.59 0.04 0.11

Uniform Delay (d1), s/veh 32.4 17.7 17.4 25.8 18.6 5.8 49.8 43.8 42.7 29.6 4.7

Incremental Delay (d2), s/veh 0.1 8.7 9.1 2.4 1.4 0.5 15.9 9.8 3.2 0.1 0.4

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 32.5 26.5 26.5 28.2 20.0 6.3 65.8 53.6 45.9 29.7 5.1

Level of Service (LOS) C C C C C A E D D C A

Approach Delay, s/veh / LOS 26.8 C 19.1 B 56.4 E 36.4 D

Intersection Delay, s/veh / LOS 28.2 C

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.3 B 2.6 B 3.0 C 2.8 C

Bicycle LOS Score / LOS 1.8 A 1.3 A 0.9 A 1.4 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Oct 10, 2014 Area Type Other

Jurisdiction Sioux Falls, SD Time Period AM Peak PHF 0.85

Intersection Benson Rd & Cliff Ave Analysis Year 2035 Analysis Period 1> 7:15

File Name 2035_NB_Benson_Rd_AM_BestCase.xus

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 100 550 60 80 1300 270 130 260 90 270 350 150

Signal Information

Green

Yellow

Red

7.0 43.5 5.5 4.5 7.0 15.5

3.0 3.5 3.0 3.0 3.0 3.5

1.0 2.0 1.0 1.0 1.0 2.0

Cycle, s 110.0 Reference Phase 2

Offset, s 0 Reference Point Begin

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 1 6 3 8 7 4

Case Number 1.2 4.0 1.3 4.0 1.1 3.0 1.1 3.0

Phase Duration, s 11.0 60.0 9.5 58.5 8.5 21.0 19.5 32.0

Change Period, (Y+Rc), s 4.0 5.5 5.5 5.5 4.0 5.5 4.0 5.5

Max Allow Headway (MAH), s 4.1 0.0 4.1 0.0 4.1 4.1 4.1 4.1

Queue Clearance Time (gs), s 6.5 2.0 6.5 11.6 17.5 13.8

Green Extension Time (ge), s 0.0 0.0 1.4 0.0 0.0 1.6 0.0 3.4

Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00

Max Out Probability 1.00 1.00 1.00 1.00 1.00 0.15

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 118 365 353 75 751 717 153 306 106 318 412 176

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1639 1617 1698 1597 1664 1664 1481 1664 1664 1481

Queue Service Time (gs), s 4.5 15.2 15.2 0.0 40.0 41.0 4.5 9.6 7.3 15.5 11.8 11.3

Cycle Queue Clearance Time (gc), s 4.5 15.2 15.2 0.0 40.0 41.0 4.5 9.6 7.3 15.5 11.8 11.3

Green Ratio (g/C) 0.48 0.50 0.50 0.41 0.48 0.48 0.18 0.14 0.14 0.30 0.24 0.24

Capacity (c), veh/h 177 842 813 363 818 769 227 468 208 351 801 356

Volume-to-Capacity Ratio (X) 0.664 0.433 0.434 0.206 0.918 0.932 0.673 0.654 0.509 0.904 0.514 0.495

Available Capacity (ca), veh/h 177 842 813 363 818 769 227 468 208 351 801 357

Back of Queue (Q), veh/ln (95th percentile) 4.5 10.0 9.8 2.5 14.6 12.8 5.1 7.7 5.3 15.1 8.6 7.9

Queue Storage Ratio (RQ) (95th percentile) 0.58 0.26 0.26 0.44 0.14 0.13 0.43 0.20 0.55 1.93 0.22 0.68

Uniform Delay (d1), s/veh 25.5 17.8 17.8 24.0 13.4 12.2 43.3 44.7 4.4 35.9 36.2 36.0

Incremental Delay (d2), s/veh 17.9 1.6 1.7 0.8 12.1 14.3 14.8 7.0 8.6 28.9 2.4 4.9

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 43.4 19.4 19.5 24.8 25.4 26.5 58.0 51.7 13.0 64.8 38.6 40.9

Level of Service (LOS) D B B C C C E D B E D D

Approach Delay, s/veh / LOS 22.8 C 25.9 C 46.2 D 48.2 D

Intersection Delay, s/veh / LOS 33.5 C

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 3.0 C 2.9 C 2.9 C 2.8 C

Bicycle LOS Score / LOS 1.2 A 2.1 B 1.0 A 1.2 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Oct 10, 2014 Area Type Other

Jurisdiction Sioux Falls, SD Time Period PM Peak PHF 0.93

Intersection Benson Rd & Cliff Ave Analysis Year 2035 Analysis Period 1> 4:30

File Name 2035_NB_Benson_Rd_PM_BestCase.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 130 900 150 190 640 100 120 450 250 330 370 110

Signal Information

Green

Yellow

Red

11.0 27.0 4.5 6.0 2.0 27.5

3.0 3.5 3.0 3.0 3.0 3.5

1.0 2.0 1.0 1.0 1.0 2.0

Cycle, s 105.0 Reference Phase 2

Offset, s 0 Reference Point Begin

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 1 6 3 8 7 4

Case Number 1.3 4.0 1.2 4.0 1.1 3.0 1.1 3.0

Phase Duration, s 8.5 41.0 15.0 47.5 10.0 33.0 16.0 39.0

Change Period, (Y+Rc), s 5.5 5.5 4.0 5.5 4.0 5.5 4.0 5.5

Max Allow Headway (MAH), s 4.1 0.0 4.1 0.0 4.1 4.1 4.1 4.1

Queue Clearance Time (gs), s 2.0 12.1 8.0 19.2 14.0 11.7

Green Extension Time (ge), s 0.6 0.0 0.0 0.0 0.0 3.5 0.0 5.4

Phase Call Probability 1.00 1.00 1.00 1.00 1.00 1.00

Max Out Probability 1.00 1.00 1.00 0.51 1.00 0.06

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 140 579 550 205 408 389 129 484 269 355 398 118

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1613 1617 1698 1618 1664 1664 1481 1664 1664 1481

Queue Service Time (gs), s 0.0 35.5 35.5 10.1 16.8 16.2 6.0 13.2 17.2 12.0 9.7 6.2

Cycle Queue Clearance Time (gc), s 0.0 35.5 35.5 10.1 16.8 16.2 6.0 13.2 17.2 12.0 9.7 6.2

Green Ratio (g/C) 0.27 0.34 0.34 0.38 0.40 0.40 0.32 0.26 0.26 0.40 0.32 0.32

Capacity (c), veh/h 259 574 545 238 679 647 345 871 388 354 1062 473

Volume-to-Capacity Ratio (X) 0.540 1.008 1.009 0.860 0.601 0.602 0.374 0.555 0.693 1.001 0.375 0.250

Available Capacity (ca), veh/h 259 574 545 238 679 647 345 871 388 354 1062 473

Back of Queue (Q), veh/ln (95th percentile) 7.0 27.7 26.7 7.4 9.4 8.6 4.7 9.3 11.4 13.1 7.0 4.0

Queue Storage Ratio (RQ) (95th percentile) 0.91 0.72 0.70 1.30 0.09 0.08 0.40 0.24 1.16 1.68 0.18 0.34

Uniform Delay (d1), s/veh 37.6 34.8 34.8 21.2 17.8 16.5 26.6 33.5 34.9 31.5 27.7 11.0

Incremental Delay (d2), s/veh 7.9 39.5 40.8 26.6 3.2 3.4 3.1 2.5 9.8 48.2 1.0 1.3

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 45.5 74.3 75.6 47.9 21.0 19.8 29.7 36.0 44.7 79.7 28.7 12.2

Level of Service (LOS) D F F D C B C D D F C B

Approach Delay, s/veh / LOS 71.7 E 26.0 C 37.7 D 47.2 D

Intersection Delay, s/veh / LOS 47.6 D

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.9 C 3.0 C 2.8 C 2.8 C

Bicycle LOS Score / LOS 1.5 A 1.3 A 1.2 A 1.2 A
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FREEWAY WEAVING WORKSHEET

General Information Site Information

Analyst GHM 
Agency/Company HDR 
Date Performed 11/3/2014 
Analysis Time Period AM Peak 

Freeway/Dir of Travel I-229 Northbound 
Weaving Segment Location Rice to Benson 
Analysis Year 2035 No Build 

Project Description  I-229 MIS 

Inputs

Weaving configuration One-Sided 
Weaving number of lanes, N 3 

Weaving segment length, LS 4510ft

Freeway free-flow speed, FFS 72 mph 

Segment type Freeway 

Freeway minimum speed, S
MIN 15 

Freeway maximum capacity, C
IFL 2400 

Terrain type Level 

Conversions to pc/h Under Base Conditions

V (veh/h) PHF Truck (%) RV (%) E T E R f
HV fp v (pc/h)

VFF 825  0.85  9  0  1.5  1.2  0.957  1.00  1014  

VRF 475  0.85  6  0  1.5  1.2  0.971  1.00  576  

VFR 1490  0.85  6  0  1.5  1.2  0.971  1.00  1806  

VRR 170  0.85  6  0  1.5  1.2  0.971  1.00  206  

VNW 1220 V = 3447  

VW 2382  

VR 0.661  

Configuration Characteristics

Minimum maneuver lanes, NWL 2 lc

Interchange density, ID 1.0 int/mi

Minimum RF lane changes, LC
RF 1 lc/pc

Minimum FR lane changes, LC
FR 0 lc/pc

Minimum RR lane changes, LC
RR lc/pc

Minimum weaving lane changes, LC
MIN 576 lc/h

Weaving lane changes, LC
W 973 lc/h

Non-weaving lane changes, LC
NW 2118 lc/h

Total lane changes, LC
ALL 3091 lc/h

Non-weaving vehicle index, I
NW 550 

Weaving Segment Speed, Density, Level of Service, and Capacity

Weaving segment flow rate, v 3447 veh/h

Weaving segment capacity, c
w 3473 veh/h

Weaving segment v/c ratio 0.992 

Weaving segment density, D 19.0 pc/mi/ln

Level of Service, LOS  B  

Weaving intensity factor, W 0.168 

Weaving segment speed, S 63.2 mph

Average weaving speed, S
W 63.8 mph

Average non-weaving speed, S
NW 62.1 mph

Maximum weaving length, L
MAX 9772 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

General Information Site Information

Analyst GHM 
Agency/Company HDR 
Date Performed 11/3/2014 
Analysis Time Period PM Peak 

Freeway/Dir of Travel I-229 Northbound 
Weaving Segment Location Rice to Benson 
Analysis Year 2035 No Build 

Project Description  I-229 MIS 

Inputs

Weaving configuration One-Sided 
Weaving number of lanes, N 3 

Weaving segment length, LS 4510ft

Freeway free-flow speed, FFS 72 mph 

Segment type Freeway 

Freeway minimum speed, S
MIN 15 

Freeway maximum capacity, C
IFL 2400 

Terrain type Level 

Conversions to pc/h Under Base Conditions

V (veh/h) PHF Truck (%) RV (%) E T E R f
HV fp v (pc/h)

VFF 1348  0.93  7  0  1.5  1.2  0.966  1.00  1500  

VRF 232  0.93  6  0  1.5  1.2  0.971  1.00  257  

VFR 662  0.93  6  0  1.5  1.2  0.971  1.00  733  

VRR 48  0.93  6  0  1.5  1.2  0.971  1.00  53  

VNW 1553 V = 2458  

VW 990  

VR 0.389  

Configuration Characteristics

Minimum maneuver lanes, NWL 2 lc

Interchange density, ID 1.0 int/mi

Minimum RF lane changes, LC
RF 1 lc/pc

Minimum FR lane changes, LC
FR 0 lc/pc

Minimum RR lane changes, LC
RR lc/pc

Minimum weaving lane changes, LC
MIN 257 lc/h

Weaving lane changes, LC
W 654 lc/h

Non-weaving lane changes, LC
NW 2187 lc/h

Total lane changes, LC
ALL 2841 lc/h

Non-weaving vehicle index, I
NW 700 

Weaving Segment Speed, Density, Level of Service, and Capacity

Weaving segment flow rate, v 2458 veh/h

Weaving segment capacity, c
w 5956 veh/h

Weaving segment v/c ratio 0.413 

Weaving segment density, D 13.0 pc/mi/ln

Level of Service, LOS  B  

Weaving intensity factor, W 0.157 

Weaving segment speed, S 65.4 mph

Average weaving speed, S
W 64.3 mph

Average non-weaving speed, S
NW 66.1 mph

Maximum weaving length, L
MAX 6561 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 SEGMENTS WORKSHEET

General Information Site Information 

Analyst GHM Highway/Direction of Travel I-229 Northbound 

Agency or Company HDR From/To
Benson On-Ramp to Off-
Ramp 

Date Performed 11/3/2014 Jurisdiction Sioux Falls 
Analysis Time Period AM Peak Analysis Year 2035 No Build 

Project Description  I-229 MIS 

Oper.(LOS) Des.(N) Planning Data 

Flow Inputs

Volume, V 1300 veh/h Peak-Hour Factor, PHF 0.85 

 AADT veh/day %Trucks and Buses, PT 8 

Peak-Hr Prop. of AADT, K %RVs, PR 0 

Peak-Hr Direction Prop, D General Terrain: Level 

DDHV = AADT x K x D veh/h Grade      %       Length mi 

                     Up/Down %

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 E
T 1.5  f

HV
 = 1/[1+P

T
(E

T
- 1) + P

R
(E

R
- 1)] 0.962 

Speed Inputs Calc Speed Adj and FFS

Lane Width ft 

Rt-Side Lat. Clearance ft 

Number of Lanes, N 2 

Total Ramp Density, TRD ramps/mi 

FFS (measured) 72.0 mph 

Base free-flow Speed, 
BFFS

mph 

 fLW mph 

 f
LC mph 

 TRD Adjustment mph 

 FFS 72.0 mph 

LOS and Performance Measures Design (N)

Operational (LOS)

v
p 

= (V or DDHV) / (PHF x N x f
HV

x fp)
795 pc/h/ln

S 70.0 mph 

D = vp / S 11.4 pc/mi/ln 

LOS B 

Design (N) 

Design LOS

vp = (V or DDHV) / (PHF x N x fHV

x fp)
pc/h/ln

S mph 

D = vp / S pc/mi/ln 

Required Number of Lanes, N

Glossary Factor Location

N  - Number of lanes                 S   - Speed

V   - Hourly volume                   D   - Density

v
p

- Flow rate                          FFS - Free-flow speed

LOS   - Level of service            BFFS - Base free-flow 
speed

DDHV - Directional design hour volume  

ER - Exhibits 11-10, 11-12       fLW - Exhibit 11-8

ET - Exhibits 11-10, 11-11, 11-13       fLC - Exhibit 11-9

f
p

- Page 11-18       TRD - Page 11-11

LOS, S, FFS, vp - Exhibits 11-2, 

11-3 
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BASIC FREEWAY SEGMENTS WORKSHEET

General Information Site Information 

Analyst GHM Highway/Direction of Travel I-229 Northbound 

Agency or Company HDR From/To
Benson On-Ramp to Off-
Ramp 

Date Performed 11/3/2014 Jurisdiction Sioux Falls 
Analysis Time Period PM Peak Analysis Year 2035 No Build 

Project Description  I-229 MIS 

Oper.(LOS) Des.(N) Planning Data 

Flow Inputs

Volume, V 1580 veh/h Peak-Hour Factor, PHF 0.93 

 AADT veh/day %Trucks and Buses, PT 7 

Peak-Hr Prop. of AADT, K %RVs, PR 0 

Peak-Hr Direction Prop, D General Terrain: Level 

DDHV = AADT x K x D veh/h Grade      %       Length mi 

                     Up/Down %

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 E
T 1.5  f

HV
 = 1/[1+P

T
(E

T
- 1) + P

R
(E

R
- 1)] 0.966 

Speed Inputs Calc Speed Adj and FFS

Lane Width ft 

Rt-Side Lat. Clearance ft 

Number of Lanes, N 2 

Total Ramp Density, TRD ramps/mi 

FFS (measured) 72.0 mph 

Base free-flow Speed, 
BFFS

mph 

 fLW mph 

 f
LC mph 

 TRD Adjustment mph 

 FFS 72.0 mph 

LOS and Performance Measures Design (N)

Operational (LOS)

v
p 

= (V or DDHV) / (PHF x N x f
HV

x fp)
879 pc/h/ln

S 70.0 mph 

D = vp / S 12.6 pc/mi/ln 

LOS B 

Design (N) 

Design LOS

vp = (V or DDHV) / (PHF x N x fHV

x fp)
pc/h/ln

S mph 

D = vp / S pc/mi/ln 

Required Number of Lanes, N

Glossary Factor Location

N  - Number of lanes                 S   - Speed

V   - Hourly volume                   D   - Density

v
p

- Flow rate                          FFS - Free-flow speed

LOS   - Level of service            BFFS - Base free-flow 
speed

DDHV - Directional design hour volume  

ER - Exhibits 11-10, 11-12       fLW - Exhibit 11-8

ET - Exhibits 11-10, 11-11, 11-13       fLC - Exhibit 11-9

f
p

- Page 11-18       TRD - Page 11-11

LOS, S, FFS, vp - Exhibits 11-2, 

11-3 
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RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information                                          Site Information 

Analyst GHM Freeway/Dir of Travel I-229 Northbound

Agency or Company HDR Junction Benson Rd On-Ramp

Date Performed 11/3/2014 Jurisdiction Sioux Falls

Analysis Time Period AM Peak Analysis Year 2035 No Build

Project Description    I-229 MIS 

Inputs

Upstream Adj Ramp

Yes On

No Off

L
up

 =  ft 

V
u
 =  veh/h 

Freeway Number of Lanes, N 2 

Ramp Number of Lanes, N 1 

Acceleration Lane Length, L
A 1300 

Deceleration Lane Length L
D

Freeway Volume, V
F 1300 

Ramp Volume, V
R 110 

Freeway Free-Flow Speed, S
FF 70.0 

Ramp Free-Flow Speed, S
FR 60.0 

Downstream Adj 
Ramp

Yes On

No Off

L
down

 =  ft 

VD =  veh/h

Conversion to pc/h Under Base Conditions

 (pc/h)
V

(Veh/hr)
PHF Terrain %Truck %Rv  f

HV
 f

p
v = V/PHF x f

HV
 x f

p

 Freeway 1300 0.85 Level 8 0 0.962 1.00 1591

 Ramp 110 0.85 Level 6 0 0.971 1.00 133

 UpStream

 DownStream

Merge Areas Diverge Areas

Estimation of v12 Estimation of v12

V
12

 = V
F
 ( P

FM
 )

L
EQ

 =   (Equation 13-6 or 13-7)

P
FM

 = 1.000   using Equation  (Exhibit 13-6) 

V
12

 = 1591   pc/h 

V
3
 or V

av34 0   pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
  pc/h (Equation 13-16, 13-18, or 
13-19)

      V
12

 = V
R
 + (V

F
- V

R
)P

FD

L
EQ

 =   (Equation 13-12 or 13-13) 

P
FD

 =   using Equation (Exhibit 13-7) 

V
12

 =   pc/h 

V
3
 or V

av34    pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
  pc/h (Equation 13-16, 13-18, or 
13-19)

Capacity Checks Capacity Checks

Actual Capacity LOS F? Actual Capacity LOS F?

V
FO 1724  Exhibit 13-8 No 

V
F Exhibit 13-8

V
FO

 = V
F

- V
R Exhibit 13-8

V
R

Exhibit 13-
10

Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation? 

V
R12 1724   Exhibit 13-8 4600:All No V

12 Exhibit 13-8

Level of Service Determination (if not F) Level of Service Determination (if not F)

D
R
 = 5.475 + 0.00734 v 

R
 + 0.0078 V

12
- 0.00627 L

A

D
R
 = 10.7 (pc/mi/ln) 

LOS = B (Exhibit 13-2) 

D
R
 = 4.252 + 0.0086 V

12
- 0.009 L

D

D
R
 = (pc/mi/ln)

LOS = (Exhibit 13-2) 

Speed Determination Speed Determination

M
S
 = 0.187 (Exibit 13-11) 

S
R
= 64.8 mph (Exhibit 13-11) 

S
0
= N/A mph (Exhibit 13-11) 

S = 64.8 mph (Exhibit 13-13) 

D
s
 = (Exhibit 13-12) 

S
R
= mph (Exhibit 13-12) 

S
0
= mph (Exhibit 13-12) 

S = mph (Exhibit 13-13) 
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RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information                                          Site Information 

Analyst GHM Freeway/Dir of Travel I-229 Northbound

Agency or Company HDR Junction Benson Rd On-Ramp

Date Performed 11/3/2014 Jurisdiction Sioux Falls

Analysis Time Period PM Peak Analysis Year 2035 No Build

Project Description    I-229 MIS 

Inputs

Upstream Adj Ramp

Yes On

No Off

L
up

 =  ft 

V
u
 =  veh/h 

Freeway Number of Lanes, N 2 

Ramp Number of Lanes, N 1 

Acceleration Lane Length, L
A 1300 

Deceleration Lane Length L
D

Freeway Volume, V
F 1580 

Ramp Volume, V
R 220 

Freeway Free-Flow Speed, S
FF 70.0 

Ramp Free-Flow Speed, S
FR 60.0 

Downstream Adj 
Ramp

Yes On

No Off

L
down

 =  ft 

VD =  veh/h

Conversion to pc/h Under Base Conditions

 (pc/h)
V

(Veh/hr)
PHF Terrain %Truck %Rv  f

HV
 f

p
v = V/PHF x f

HV
 x f

p

 Freeway 1580 0.93 Level 7 0 0.966 1.00 1758

 Ramp 220 0.93 Level 6 0 0.971 1.00 244

 UpStream

 DownStream

Merge Areas Diverge Areas

Estimation of v12 Estimation of v12

V
12

 = V
F
 ( P

FM
 )

L
EQ

 =   (Equation 13-6 or 13-7)

P
FM

 = 1.000   using Equation  (Exhibit 13-6) 

V
12

 = 1758   pc/h 

V
3
 or V

av34 0   pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
  pc/h (Equation 13-16, 13-18, or 
13-19)

      V
12

 = V
R
 + (V

F
- V

R
)P

FD

L
EQ

 =   (Equation 13-12 or 13-13) 

P
FD

 =   using Equation (Exhibit 13-7) 

V
12

 =   pc/h 

V
3
 or V

av34    pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
  pc/h (Equation 13-16, 13-18, or 
13-19)

Capacity Checks Capacity Checks

Actual Capacity LOS F? Actual Capacity LOS F?

V
FO 2002  Exhibit 13-8 No 

V
F Exhibit 13-8

V
FO

 = V
F

- V
R Exhibit 13-8

V
R

Exhibit 13-
10

Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation? 

V
R12 2002   Exhibit 13-8 4600:All No V

12 Exhibit 13-8

Level of Service Determination (if not F) Level of Service Determination (if not F)

D
R
 = 5.475 + 0.00734 v 

R
 + 0.0078 V

12
- 0.00627 L

A

D
R
 = 12.8 (pc/mi/ln) 

LOS = B (Exhibit 13-2) 

D
R
 = 4.252 + 0.0086 V

12
- 0.009 L

D

D
R
 = (pc/mi/ln)

LOS = (Exhibit 13-2) 

Speed Determination Speed Determination

M
S
 = 0.194 (Exibit 13-11) 

S
R
= 64.6 mph (Exhibit 13-11) 

S
0
= N/A mph (Exhibit 13-11) 

S = 64.6 mph (Exhibit 13-13) 

D
s
 = (Exhibit 13-12) 

S
R
= mph (Exhibit 13-12) 

S
0
= mph (Exhibit 13-12) 

S = mph (Exhibit 13-13) 
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BASIC FREEWAY SEGMENTS WORKSHEET

General Information Site Information 

Analyst GHM Highway/Direction of Travel I-229 Northbound 
Agency or Company HDR From/To Benson On-Ramp to I-90 
Date Performed 11/3/2014 Jurisdiction Sioux Falls 
Analysis Time Period AM Peak Analysis Year 2035 No Build 

Project Description  I-229 MIS 

Oper.(LOS) Des.(N) Planning Data 

Flow Inputs

Volume, V 1410 veh/h Peak-Hour Factor, PHF 0.85 

 AADT veh/day %Trucks and Buses, PT 8 

Peak-Hr Prop. of AADT, K %RVs, PR 0 

Peak-Hr Direction Prop, D General Terrain: Level 

DDHV = AADT x K x D veh/h Grade      %       Length mi 

                     Up/Down %

Calculate Flow Adjustments

 f
p 1.00  E

R 1.2 

 ET 1.5  fHV = 1/[1+PT(ET - 1) + PR(ER - 1)] 0.962 

Speed Inputs Calc Speed Adj and FFS

Lane Width ft 

Rt-Side Lat. Clearance ft 

Number of Lanes, N 2 

Total Ramp Density, TRD ramps/mi 

FFS (measured) 70.0 mph 

Base free-flow Speed, 
BFFS

mph 

 f
LW mph 

 fLC mph 

 TRD Adjustment mph 

 FFS 70.0 mph 

LOS and Performance Measures Design (N)

Operational (LOS)

v
p 

= (V or DDHV) / (PHF x N x f
HV

x fp)
863 pc/h/ln

S 70.0 mph 

D = vp / S 12.3 pc/mi/ln 

LOS B 

Design (N) 

Design LOS

vp = (V or DDHV) / (PHF x N x fHV

x fp)
pc/h/ln

S mph 

D = vp / S pc/mi/ln 

Required Number of Lanes, N

Glossary Factor Location

N  - Number of lanes                 S   - Speed

V   - Hourly volume                   D   - Density

vp - Flow rate                          FFS - Free-flow speed

LOS   - Level of service            BFFS - Base free-flow 
speed

DDHV - Directional design hour volume  

ER - Exhibits 11-10, 11-12       fLW - Exhibit 11-8

ET - Exhibits 11-10, 11-11, 11-13       fLC - Exhibit 11-9

fp - Page 11-18       TRD - Page 11-11

LOS, S, FFS, v
p

- Exhibits 11-2, 

11-3 
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BASIC FREEWAY SEGMENTS WORKSHEET

General Information Site Information 

Analyst GHM Highway/Direction of Travel I-229 Northbound 
Agency or Company HDR From/To Benson On-Ramp to I-90 
Date Performed 11/3/2014 Jurisdiction Sioux Falls 
Analysis Time Period PM Peak Analysis Year 2035 No Build 

Project Description  I-229 MIS 

Oper.(LOS) Des.(N) Planning Data 

Flow Inputs

Volume, V 1800 veh/h Peak-Hour Factor, PHF 0.93 

 AADT veh/day %Trucks and Buses, PT 8 

Peak-Hr Prop. of AADT, K %RVs, PR 0 

Peak-Hr Direction Prop, D General Terrain: Level 

DDHV = AADT x K x D veh/h Grade      %       Length mi 

                     Up/Down %

Calculate Flow Adjustments

 f
p 1.00  E

R 1.2 

 ET 1.5  fHV = 1/[1+PT(ET - 1) + PR(ER - 1)] 0.962 

Speed Inputs Calc Speed Adj and FFS

Lane Width ft 

Rt-Side Lat. Clearance ft 

Number of Lanes, N 2 

Total Ramp Density, TRD ramps/mi 

FFS (measured) 70.0 mph 

Base free-flow Speed, 
BFFS

mph 

 f
LW mph 

 fLC mph 

 TRD Adjustment mph 

 FFS 70.0 mph 

LOS and Performance Measures Design (N)

Operational (LOS)

v
p 

= (V or DDHV) / (PHF x N x f
HV

x fp)
1006 pc/h/ln

S 70.0 mph 

D = vp / S 14.4 pc/mi/ln 

LOS B 

Design (N) 

Design LOS

vp = (V or DDHV) / (PHF x N x fHV

x fp)
pc/h/ln

S mph 

D = vp / S pc/mi/ln 

Required Number of Lanes, N

Glossary Factor Location

N  - Number of lanes                 S   - Speed

V   - Hourly volume                   D   - Density

vp - Flow rate                          FFS - Free-flow speed

LOS   - Level of service            BFFS - Base free-flow 
speed

DDHV - Directional design hour volume  

ER - Exhibits 11-10, 11-12       fLW - Exhibit 11-8

ET - Exhibits 11-10, 11-11, 11-13       fLC - Exhibit 11-9

fp - Page 11-18       TRD - Page 11-11

LOS, S, FFS, v
p

- Exhibits 11-2, 

11-3 
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RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information                                          Site Information 

Analyst GHM Freeway/Dir of Travel I-229 Northbound

Agency or Company HDR Junction I-90 Off-Ramp

Date Performed 11/3/2014 Jurisdiction Sioux Falls

Analysis Time Period AM Peak Analysis Year 2035 No Build

Project Description    I-229 MIS 

Inputs

Upstream Adj Ramp

Yes On

No Off

L
up

 =  ft 

Vu =  veh/h 

Freeway Number of Lanes, N 2 

Ramp Number of Lanes, N 1 

Acceleration Lane Length, L
A

Deceleration Lane Length L
D 600 

Freeway Volume, V
F 1410 

Ramp Volume, VR 480 

Freeway Free-Flow Speed, S
FF 70.0 

Ramp Free-Flow Speed, S
FR 60.0 

Downstream Adj 
Ramp

Yes On

No Off

L
down

 =  ft 

VD =  veh/h

Conversion to pc/h Under Base Conditions

 (pc/h)
V

(Veh/hr)
PHF Terrain %Truck %Rv  f

HV
 f

p
v = V/PHF x f

HV
 x f

p

 Freeway 1410 0.85 Level 9 0 0.957 1.00 1733

 Ramp 480 0.85 Level 9 0 0.957 1.00 590

 UpStream

 DownStream

Merge Areas Diverge Areas

Estimation of v12 Estimation of v12

V12 = VF ( PFM )

L
EQ

 =  (Equation 13-6 or 13-7)

P
FM

 =  using Equation   (Exhibit 13-6) 

V12 =  pc/h 

V
3
 or V

av34  pc/h (Equation 13-14 or 13-17)

 Is V3 or Vav34 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
 pc/h (Equation 13-16, 13-18, or 
13-19)

      V12 = VR + (VF - VR)PFD

L
EQ

 =  (Equation 13-12 or 13-13) 

PFD = 1.000  using Equation (Exhibit 13-7) 

V
12

 = 1733  pc/h 

V3 or Vav34 0  pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V12a =
 pc/h (Equation 13-16, 13-18, or 13-
19)

Capacity Checks Capacity Checks

Actual Capacity LOS F? Actual Capacity LOS F?

VFO  Exhibit 13-8

VF 1733 Exhibit 13-8 4800 No

VFO = VF - VR 1143 Exhibit 13-8 4800 No

VR 590 Exhibit 13-10 2200 No

Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation? 

V
R12  Exhibit 13-8 V

12 1733 Exhibit 13-8 4400:All No

Level of Service Determination (if not F) Level of Service Determination (if not F)

D
R
 = 5.475 + 0.00734 v 

R
 + 0.0078 V

12
- 0.00627 L

A

D
R
 = (pc/mi/ln)

LOS = (Exhibit 13-2) 

D
R
 = 4.252 + 0.0086 V

12
- 0.009 L

D

D
R

 = 13.8 (pc/mi/ln)

LOS = B (Exhibit 13-2) 

Speed Determination Speed Determination

M
S
 = (Exibit 13-11) 

S
R
= mph (Exhibit 13-11) 

S0= mph (Exhibit 13-11) 

S = mph (Exhibit 13-13) 

Ds = 0.156 (Exhibit 13-12) 

S
R
= 65.6 mph (Exhibit 13-12) 

S
0
= N/A mph (Exhibit 13-12) 

S = 65.6 mph (Exhibit 13-13) 
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RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information                                          Site Information 

Analyst GHM Freeway/Dir of Travel I-229 Northbound

Agency or Company HDR Junction I-90 Off-Ramp

Date Performed 11/3/2014 Jurisdiction Sioux Falls

Analysis Time Period PM Peak Analysis Year 2035 No Build

Project Description    I-229 MIS 

Inputs

Upstream Adj Ramp

Yes On

No Off

L
up

 =  ft 

Vu =  veh/h 

Freeway Number of Lanes, N 2 

Ramp Number of Lanes, N 1 

Acceleration Lane Length, L
A

Deceleration Lane Length L
D 600 

Freeway Volume, V
F 1800 

Ramp Volume, VR 590 

Freeway Free-Flow Speed, S
FF 70.0 

Ramp Free-Flow Speed, S
FR 60.0 

Downstream Adj 
Ramp

Yes On

No Off

L
down

 =  ft 

VD =  veh/h

Conversion to pc/h Under Base Conditions

 (pc/h)
V

(Veh/hr)
PHF Terrain %Truck %Rv  f

HV
 f

p
v = V/PHF x f

HV
 x f

p

 Freeway 1800 0.93 Level 9 0 0.957 1.00 2023

 Ramp 590 0.93 Level 9 0 0.957 1.00 663

 UpStream

 DownStream

Merge Areas Diverge Areas

Estimation of v12 Estimation of v12

V12 = VF ( PFM )

L
EQ

 =  (Equation 13-6 or 13-7)

P
FM

 =  using Equation   (Exhibit 13-6) 

V12 =  pc/h 

V
3
 or V

av34  pc/h (Equation 13-14 or 13-17)

 Is V3 or Vav34 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
 pc/h (Equation 13-16, 13-18, or 
13-19)

      V12 = VR + (VF - VR)PFD

L
EQ

 =  (Equation 13-12 or 13-13) 

PFD = 1.000  using Equation (Exhibit 13-7) 

V
12

 = 2023  pc/h 

V3 or Vav34 0  pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V12a =
 pc/h (Equation 13-16, 13-18, or 13-
19)

Capacity Checks Capacity Checks

Actual Capacity LOS F? Actual Capacity LOS F?

VFO  Exhibit 13-8

VF 2023 Exhibit 13-8 4800 No

VFO = VF - VR 1360 Exhibit 13-8 4800 No

VR 663 Exhibit 13-10 2200 No

Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation? 

V
R12  Exhibit 13-8 V

12 2023 Exhibit 13-8 4400:All No

Level of Service Determination (if not F) Level of Service Determination (if not F)

D
R
 = 5.475 + 0.00734 v 

R
 + 0.0078 V

12
- 0.00627 L

A

D
R
 = (pc/mi/ln)

LOS = (Exhibit 13-2) 

D
R
 = 4.252 + 0.0086 V

12
- 0.009 L

D

D
R

 = 16.2 (pc/mi/ln)

LOS = B (Exhibit 13-2) 

Speed Determination Speed Determination

M
S
 = (Exibit 13-11) 

S
R
= mph (Exhibit 13-11) 

S0= mph (Exhibit 13-11) 

S = mph (Exhibit 13-13) 

Ds = 0.163 (Exhibit 13-12) 

S
R
= 65.4 mph (Exhibit 13-12) 

S
0
= N/A mph (Exhibit 13-12) 

S = 65.4 mph (Exhibit 13-13) 
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RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information                                          Site Information 

Analyst GHM Freeway/Dir of Travel I-229 Southbound

Agency or Company HDR Junction I-90 On-Ramp

Date Performed 11/3/2014 Jurisdiction Sioux Falls

Analysis Time Period AM Peak Analysis Year 2035 No Build

Project Description    I-229 MIS 

Inputs

Upstream Adj Ramp

Yes On

No Off

L
up

 =  ft 

V
u
 =  veh/h 

Freeway Number of Lanes, N 2 

Ramp Number of Lanes, N 1 

Acceleration Lane Length, L
A 950 

Deceleration Lane Length L
D

Freeway Volume, V
F 1420 

Ramp Volume, V
R 390 

Freeway Free-Flow Speed, S
FF 69.0 

Ramp Free-Flow Speed, S
FR 59.0 

Downstream Adj 
Ramp

Yes On

No Off

L
down

 =  ft 

VD =  veh/h

Conversion to pc/h Under Base Conditions

 (pc/h)
V

(Veh/hr)
PHF Terrain %Truck %Rv  f

HV
 f

p
v = V/PHF x f

HV
 x f

p

 Freeway 1420 0.85 Level 8 0 0.962 1.00 1737

 Ramp 390 0.85 Level 8 0 0.962 1.00 477

 UpStream

 DownStream

Merge Areas Diverge Areas

Estimation of v12 Estimation of v12

V
12

 = V
F
 ( P

FM
 )

L
EQ

 =   (Equation 13-6 or 13-7)

P
FM

 = 1.000   using Equation  (Exhibit 13-6) 

V
12

 = 1737   pc/h 

V
3
 or V

av34 0   pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
  pc/h (Equation 13-16, 13-18, or 
13-19)

      V
12

 = V
R
 + (V

F
- V

R
)P

FD

L
EQ

 =   (Equation 13-12 or 13-13) 

P
FD

 =   using Equation (Exhibit 13-7) 

V
12

 =   pc/h 

V
3
 or V

av34    pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
  pc/h (Equation 13-16, 13-18, or 
13-19)

Capacity Checks Capacity Checks

Actual Capacity LOS F? Actual Capacity LOS F?

V
FO 2214  Exhibit 13-8 No 

V
F Exhibit 13-8

V
FO

 = V
F

- V
R Exhibit 13-8

V
R

Exhibit 13-
10

Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation? 

V
R12 2214   Exhibit 13-8 4600:All No V

12 Exhibit 13-8

Level of Service Determination (if not F) Level of Service Determination (if not F)

D
R
 = 5.475 + 0.00734 v 

R
 + 0.0078 V

12
- 0.00627 L

A

D
R
 = 16.6 (pc/mi/ln) 

LOS = B (Exhibit 13-2) 

D
R
 = 4.252 + 0.0086 V

12
- 0.009 L

D

D
R
 = (pc/mi/ln)

LOS = (Exhibit 13-2) 

Speed Determination Speed Determination

M
S
 = 0.245 (Exibit 13-11) 

S
R
= 62.4 mph (Exhibit 13-11) 

S
0
= N/A mph (Exhibit 13-11) 

S = 62.4 mph (Exhibit 13-13) 

D
s
 = (Exhibit 13-12) 

S
R
= mph (Exhibit 13-12) 

S
0
= mph (Exhibit 13-12) 

S = mph (Exhibit 13-13) 
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RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information                                          Site Information 

Analyst GHM Freeway/Dir of Travel I-229 Southbound

Agency or Company HDR Junction I-90 On-Ramp

Date Performed 11/3/2014 Jurisdiction Sioux Falls

Analysis Time Period PM Peak Analysis Year 2035 No Build

Project Description    I-229 MIS 

Inputs

Upstream Adj Ramp

Yes On

No Off

L
up

 =  ft 

V
u
 =  veh/h 

Freeway Number of Lanes, N 2 

Ramp Number of Lanes, N 1 

Acceleration Lane Length, L
A 950 

Deceleration Lane Length L
D

Freeway Volume, V
F 1040 

Ramp Volume, V
R 640 

Freeway Free-Flow Speed, S
FF 69.0 

Ramp Free-Flow Speed, S
FR 59.0 

Downstream Adj 
Ramp

Yes On

No Off

L
down

 =  ft 

VD =  veh/h

Conversion to pc/h Under Base Conditions

 (pc/h)
V

(Veh/hr)
PHF Terrain %Truck %Rv  f

HV
 f

p
v = V/PHF x f

HV
 x f

p

 Freeway 1040 0.93 Level 8 0 0.962 1.00 1163

 Ramp 640 0.93 Level 8 0 0.962 1.00 716

 UpStream

 DownStream

Merge Areas Diverge Areas

Estimation of v12 Estimation of v12

V
12

 = V
F
 ( P

FM
 )

L
EQ

 =   (Equation 13-6 or 13-7)

P
FM

 = 1.000   using Equation  (Exhibit 13-6) 

V
12

 = 1163   pc/h 

V
3
 or V

av34 0   pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
  pc/h (Equation 13-16, 13-18, or 
13-19)

      V
12

 = V
R
 + (V

F
- V

R
)P

FD

L
EQ

 =   (Equation 13-12 or 13-13) 

P
FD

 =   using Equation (Exhibit 13-7) 

V
12

 =   pc/h 

V
3
 or V

av34    pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
  pc/h (Equation 13-16, 13-18, or 
13-19)

Capacity Checks Capacity Checks

Actual Capacity LOS F? Actual Capacity LOS F?

V
FO 1879  Exhibit 13-8 No 

V
F Exhibit 13-8

V
FO

 = V
F

- V
R Exhibit 13-8

V
R

Exhibit 13-
10

Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation? 

V
R12 1879   Exhibit 13-8 4600:All No V

12 Exhibit 13-8

Level of Service Determination (if not F) Level of Service Determination (if not F)

D
R
 = 5.475 + 0.00734 v 

R
 + 0.0078 V

12
- 0.00627 L

A

D
R
 = 13.8 (pc/mi/ln) 

LOS = B (Exhibit 13-2) 

D
R
 = 4.252 + 0.0086 V

12
- 0.009 L

D

D
R
 = (pc/mi/ln)

LOS = (Exhibit 13-2) 

Speed Determination Speed Determination

M
S
 = 0.234 (Exibit 13-11) 

S
R
= 62.7 mph (Exhibit 13-11) 

S
0
= N/A mph (Exhibit 13-11) 

S = 62.7 mph (Exhibit 13-13) 

D
s
 = (Exhibit 13-12) 

S
R
= mph (Exhibit 13-12) 

S
0
= mph (Exhibit 13-12) 

S = mph (Exhibit 13-13) 
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BASIC FREEWAY SEGMENTS WORKSHEET

General Information Site Information 

Analyst GHM Highway/Direction of Travel I-229 Southbound 
Agency or Company HDR From/To I-90 to Benson Off-Ramp 
Date Performed 11/3/2014 Jurisdiction Sioux Falls 
Analysis Time Period AM Peak Analysis Year 2035 No Build 

Project Description  I-229 MIS 

Oper.(LOS) Des.(N) Planning Data 

Flow Inputs

Volume, V 1810 veh/h Peak-Hour Factor, PHF 0.85 

 AADT veh/day %Trucks and Buses, PT 8 

Peak-Hr Prop. of AADT, K %RVs, PR 0 

Peak-Hr Direction Prop, D General Terrain: Level 

DDHV = AADT x K x D veh/h Grade      %       Length mi 

                     Up/Down %

Calculate Flow Adjustments

 f
p 1.00  E

R 1.2 

 ET 1.5  fHV = 1/[1+PT(ET - 1) + PR(ER - 1)] 0.962 

Speed Inputs Calc Speed Adj and FFS

Lane Width ft 

Rt-Side Lat. Clearance ft 

Number of Lanes, N 2 

Total Ramp Density, TRD ramps/mi 

FFS (measured) 69.0 mph 

Base free-flow Speed, 
BFFS

mph 

 f
LW mph 

 fLC mph 

 TRD Adjustment mph 

 FFS 69.0 mph 

LOS and Performance Measures Design (N)

Operational (LOS)

v
p 

= (V or DDHV) / (PHF x N x f
HV

x fp)
1107 pc/h/ln

S 70.0 mph 

D = vp / S 15.8 pc/mi/ln 

LOS B 

Design (N) 

Design LOS

vp = (V or DDHV) / (PHF x N x fHV

x fp)
pc/h/ln

S mph 

D = vp / S pc/mi/ln 

Required Number of Lanes, N

Glossary Factor Location

N  - Number of lanes                 S   - Speed

V   - Hourly volume                   D   - Density

vp - Flow rate                          FFS - Free-flow speed

LOS   - Level of service            BFFS - Base free-flow 
speed

DDHV - Directional design hour volume  

ER - Exhibits 11-10, 11-12       fLW - Exhibit 11-8

ET - Exhibits 11-10, 11-11, 11-13       fLC - Exhibit 11-9

fp - Page 11-18       TRD - Page 11-11

LOS, S, FFS, v
p

- Exhibits 11-2, 

11-3 
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BASIC FREEWAY SEGMENTS WORKSHEET

General Information Site Information 

Analyst GHM Highway/Direction of Travel I-229 Southbound 
Agency or Company HDR From/To I-90 to Benson Off-Ramp 
Date Performed 11/3/2014 Jurisdiction Sioux Falls 
Analysis Time Period PM Peak Analysis Year 2035 No Build 

Project Description  I-229 MIS 

Oper.(LOS) Des.(N) Planning Data 

Flow Inputs

Volume, V 1680 veh/h Peak-Hour Factor, PHF 0.93 

 AADT veh/day %Trucks and Buses, PT 8 

Peak-Hr Prop. of AADT, K %RVs, PR 0 

Peak-Hr Direction Prop, D General Terrain: Level 

DDHV = AADT x K x D veh/h Grade      %       Length mi 

                     Up/Down %

Calculate Flow Adjustments

 f
p 1.00  E

R 1.2 

 ET 1.5  fHV = 1/[1+PT(ET - 1) + PR(ER - 1)] 0.962 

Speed Inputs Calc Speed Adj and FFS

Lane Width ft 

Rt-Side Lat. Clearance ft 

Number of Lanes, N 2 

Total Ramp Density, TRD ramps/mi 

FFS (measured) 69.0 mph 

Base free-flow Speed, 
BFFS

mph 

 f
LW mph 

 fLC mph 

 TRD Adjustment mph 

 FFS 69.0 mph 

LOS and Performance Measures Design (N)

Operational (LOS)

v
p 

= (V or DDHV) / (PHF x N x f
HV

x fp)
939 pc/h/ln

S 70.0 mph 

D = vp / S 13.4 pc/mi/ln 

LOS B 

Design (N) 

Design LOS

vp = (V or DDHV) / (PHF x N x fHV

x fp)
pc/h/ln

S mph 

D = vp / S pc/mi/ln 

Required Number of Lanes, N

Glossary Factor Location

N  - Number of lanes                 S   - Speed

V   - Hourly volume                   D   - Density

vp - Flow rate                          FFS - Free-flow speed

LOS   - Level of service            BFFS - Base free-flow 
speed

DDHV - Directional design hour volume  

ER - Exhibits 11-10, 11-12       fLW - Exhibit 11-8

ET - Exhibits 11-10, 11-11, 11-13       fLC - Exhibit 11-9

fp - Page 11-18       TRD - Page 11-11

LOS, S, FFS, v
p

- Exhibits 11-2, 

11-3 
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RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information                                          Site Information 

Analyst GHM Freeway/Dir of Travel I-229 Southbound

Agency or Company HDR Junction Benson Rd Off-Ramp

Date Performed 11/3/2014 Jurisdiction Sioux Falls

Analysis Time Period AM Peak Analysis Year 2035 No Build

Project Description    I-229 MIS 

Inputs

Upstream Adj Ramp

Yes On

No Off

L
up

 =  ft 

Vu =  veh/h 

Freeway Number of Lanes, N 2 

Ramp Number of Lanes, N 1 

Acceleration Lane Length, L
A

Deceleration Lane Length L
D 275 

Freeway Volume, V
F 1810 

Ramp Volume, VR 220 

Freeway Free-Flow Speed, S
FF 69.0 

Ramp Free-Flow Speed, S
FR 59.0 

Downstream Adj 
Ramp

Yes On

No Off

L
down

 =  ft 

VD =  veh/h

Conversion to pc/h Under Base Conditions

 (pc/h)
V

(Veh/hr)
PHF Terrain %Truck %Rv  f

HV
 f

p
v = V/PHF x f

HV
 x f

p

 Freeway 1810 0.85 Level 8 0 0.962 1.00 2215

 Ramp 220 0.85 Level 6 0 0.971 1.00 267

 UpStream

 DownStream

Merge Areas Diverge Areas

Estimation of v12 Estimation of v12

V12 = VF ( PFM )

L
EQ

 =  (Equation 13-6 or 13-7)

P
FM

 =  using Equation   (Exhibit 13-6) 

V12 =  pc/h 

V
3
 or V

av34  pc/h (Equation 13-14 or 13-17)

 Is V3 or Vav34 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
 pc/h (Equation 13-16, 13-18, or 
13-19)

      V12 = VR + (VF - VR)PFD

L
EQ

 =  (Equation 13-12 or 13-13) 

PFD = 1.000  using Equation (Exhibit 13-7) 

V
12

 = 2215  pc/h 

V3 or Vav34 0  pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V12a =
 pc/h (Equation 13-16, 13-18, or 13-
19)

Capacity Checks Capacity Checks

Actual Capacity LOS F? Actual Capacity LOS F?

VFO  Exhibit 13-8

VF 2215 Exhibit 13-8 4780 No

VFO = VF - VR 1948 Exhibit 13-8 4780 No

VR 267 Exhibit 13-10 2200 No

Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation? 

V
R12  Exhibit 13-8 V

12 2215 Exhibit 13-8 4400:All No

Level of Service Determination (if not F) Level of Service Determination (if not F)

D
R
 = 5.475 + 0.00734 v 

R
 + 0.0078 V

12
- 0.00627 L

A

D
R
 = (pc/mi/ln)

LOS = (Exhibit 13-2) 

D
R
 = 4.252 + 0.0086 V

12
- 0.009 L

D

D
R

 = 20.8 (pc/mi/ln)

LOS = C (Exhibit 13-2) 

Speed Determination Speed Determination

M
S
 = (Exibit 13-11) 

S
R
= mph (Exhibit 13-11) 

S0= mph (Exhibit 13-11) 

S = mph (Exhibit 13-13) 

Ds = 0.140 (Exhibit 13-12) 

S
R
= 65.2 mph (Exhibit 13-12) 

S
0
= N/A mph (Exhibit 13-12) 

S = 65.2 mph (Exhibit 13-13) 
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RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information                                          Site Information 

Analyst GHM Freeway/Dir of Travel I-229 Southbound

Agency or Company HDR Junction Benson Rd Off-Ramp

Date Performed 11/3/2014 Jurisdiction Sioux Falls

Analysis Time Period PM Peak Analysis Year 2035 No Build

Project Description    I-229 MIS 

Inputs

Upstream Adj Ramp

Yes On

No Off

L
up

 =  ft 

Vu =  veh/h 

Freeway Number of Lanes, N 2 

Ramp Number of Lanes, N 1 

Acceleration Lane Length, L
A

Deceleration Lane Length L
D 275 

Freeway Volume, V
F 1680 

Ramp Volume, VR 110 

Freeway Free-Flow Speed, S
FF 69.0 

Ramp Free-Flow Speed, S
FR 59.0 

Downstream Adj 
Ramp

Yes On

No Off

L
down

 =  ft 

VD =  veh/h

Conversion to pc/h Under Base Conditions

 (pc/h)
V

(Veh/hr)
PHF Terrain %Truck %Rv  f

HV
 f

p
v = V/PHF x f

HV
 x f

p

 Freeway 1680 0.93 Level 8 0 0.962 1.00 1879

 Ramp 110 0.93 Level 6 0 0.971 1.00 122

 UpStream

 DownStream

Merge Areas Diverge Areas

Estimation of v12 Estimation of v12

V12 = VF ( PFM )

L
EQ

 =  (Equation 13-6 or 13-7)

P
FM

 =  using Equation   (Exhibit 13-6) 

V12 =  pc/h 

V
3
 or V

av34  pc/h (Equation 13-14 or 13-17)

 Is V3 or Vav34 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V
12a

 =
 pc/h (Equation 13-16, 13-18, or 
13-19)

      V12 = VR + (VF - VR)PFD

L
EQ

 =  (Equation 13-12 or 13-13) 

PFD = 1.000  using Equation (Exhibit 13-7) 

V
12

 = 1879  pc/h 

V3 or Vav34 0  pc/h (Equation 13-14 or 13-17)

 Is V
3
 or V

av34
 > 2,700 pc/h? Yes No

 Is V
3
 or V

av34
 > 1.5 * V

12
/2 Yes No

If Yes,V12a =
 pc/h (Equation 13-16, 13-18, or 13-
19)

Capacity Checks Capacity Checks

Actual Capacity LOS F? Actual Capacity LOS F?

VFO  Exhibit 13-8

VF 1879 Exhibit 13-8 4780 No

VFO = VF - VR 1757 Exhibit 13-8 4780 No

VR 122 Exhibit 13-10 2200 No

Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation? 

V
R12  Exhibit 13-8 V

12 1879 Exhibit 13-8 4400:All No

Level of Service Determination (if not F) Level of Service Determination (if not F)

D
R
 = 5.475 + 0.00734 v 

R
 + 0.0078 V

12
- 0.00627 L

A

D
R
 = (pc/mi/ln)

LOS = (Exhibit 13-2) 

D
R
 = 4.252 + 0.0086 V

12
- 0.009 L

D

D
R

 = 17.9 (pc/mi/ln)

LOS = B (Exhibit 13-2) 

Speed Determination Speed Determination

M
S
 = (Exibit 13-11) 

S
R
= mph (Exhibit 13-11) 

S0= mph (Exhibit 13-11) 

S = mph (Exhibit 13-13) 

Ds = 0.127 (Exhibit 13-12) 

S
R
= 65.6 mph (Exhibit 13-12) 

S
0
= N/A mph (Exhibit 13-12) 

S = 65.6 mph (Exhibit 13-13) 
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BASIC FREEWAY SEGMENTS WORKSHEET

General Information Site Information 

Analyst GHM Highway/Direction of Travel I-229 Southbound 

Agency or Company HDR From/To
Benson Off-Ramp to On-
Ramp 

Date Performed 11/3/2014 Jurisdiction Sioux Falls 
Analysis Time Period AM Peak Analysis Year 2035 No Build 

Project Description  I-229 MIS 

Oper.(LOS) Des.(N) Planning Data 

Flow Inputs

Volume, V 1590 veh/h Peak-Hour Factor, PHF 0.85 

 AADT veh/day %Trucks and Buses, PT 9 

Peak-Hr Prop. of AADT, K %RVs, PR 0 

Peak-Hr Direction Prop, D General Terrain: Level 

DDHV = AADT x K x D veh/h Grade      %       Length mi 

                     Up/Down %

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 E
T 1.5  f

HV
 = 1/[1+P

T
(E

T
- 1) + P

R
(E

R
- 1)] 0.957 

Speed Inputs Calc Speed Adj and FFS

Lane Width ft 

Rt-Side Lat. Clearance ft 

Number of Lanes, N 2 

Total Ramp Density, TRD ramps/mi 

FFS (measured) 68.0 mph 

Base free-flow Speed, 
BFFS

mph 

 fLW mph 

 f
LC mph 

 TRD Adjustment mph 

 FFS 68.0 mph 

LOS and Performance Measures Design (N)

Operational (LOS)

v
p 

= (V or DDHV) / (PHF x N x f
HV

x fp)
977 pc/h/ln

S 70.0 mph 

D = vp / S 14.0 pc/mi/ln 

LOS B 

Design (N) 

Design LOS

vp = (V or DDHV) / (PHF x N x fHV

x fp)
pc/h/ln

S mph 

D = vp / S pc/mi/ln 

Required Number of Lanes, N

Glossary Factor Location

N  - Number of lanes                 S   - Speed

V   - Hourly volume                   D   - Density

v
p

- Flow rate                          FFS - Free-flow speed

LOS   - Level of service            BFFS - Base free-flow 
speed

DDHV - Directional design hour volume  

ER - Exhibits 11-10, 11-12       fLW - Exhibit 11-8

ET - Exhibits 11-10, 11-11, 11-13       fLC - Exhibit 11-9

f
p

- Page 11-18       TRD - Page 11-11

LOS, S, FFS, vp - Exhibits 11-2, 

11-3 
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BASIC FREEWAY SEGMENTS WORKSHEET

General Information Site Information 

Analyst GHM Highway/Direction of Travel I-229 Southbound 

Agency or Company HDR From/To
Benson Off-Ramp to On-
Ramp 

Date Performed 11/3/2014 Jurisdiction Sioux Falls 
Analysis Time Period PM Peak Analysis Year 2035 No Build 

Project Description  I-229 MIS 

Oper.(LOS) Des.(N) Planning Data 

Flow Inputs

Volume, V 1570 veh/h Peak-Hour Factor, PHF 0.93 

 AADT veh/day %Trucks and Buses, PT 9 

Peak-Hr Prop. of AADT, K %RVs, PR 0 

Peak-Hr Direction Prop, D General Terrain: Level 

DDHV = AADT x K x D veh/h Grade      %       Length mi 

                     Up/Down %

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 E
T 1.5  f

HV
 = 1/[1+P

T
(E

T
- 1) + P

R
(E

R
- 1)] 0.957 

Speed Inputs Calc Speed Adj and FFS

Lane Width ft 

Rt-Side Lat. Clearance ft 

Number of Lanes, N 2 

Total Ramp Density, TRD ramps/mi 

FFS (measured) 68.0 mph 

Base free-flow Speed, 
BFFS

mph 

 fLW mph 

 f
LC mph 

 TRD Adjustment mph 

 FFS 68.0 mph 

LOS and Performance Measures Design (N)

Operational (LOS)

v
p 

= (V or DDHV) / (PHF x N x f
HV

x fp)
882 pc/h/ln

S 70.0 mph 

D = vp / S 12.6 pc/mi/ln 

LOS B 

Design (N) 

Design LOS

vp = (V or DDHV) / (PHF x N x fHV

x fp)
pc/h/ln

S mph 

D = vp / S pc/mi/ln 

Required Number of Lanes, N

Glossary Factor Location

N  - Number of lanes                 S   - Speed

V   - Hourly volume                   D   - Density

v
p

- Flow rate                          FFS - Free-flow speed

LOS   - Level of service            BFFS - Base free-flow 
speed

DDHV - Directional design hour volume  

ER - Exhibits 11-10, 11-12       fLW - Exhibit 11-8

ET - Exhibits 11-10, 11-11, 11-13       fLC - Exhibit 11-9

f
p

- Page 11-18       TRD - Page 11-11

LOS, S, FFS, vp - Exhibits 11-2, 

11-3 
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FREEWAY WEAVING WORKSHEET

General Information Site Information

Analyst GHM 
Agency/Company HDR 
Date Performed 11/3/2014 
Analysis Time Period AM Peak 

Freeway/Dir of Travel I-229 Southbound 
Weaving Segment Location Benson to Rice 
Analysis Year 2035 No Build 

Project Description  I-229 MIS 

Inputs

Weaving configuration One-Sided 
Weaving number of lanes, N 3 

Weaving segment length, LS 5670ft

Freeway free-flow speed, FFS 68 mph 

Segment type Freeway 

Freeway minimum speed, S
MIN 15 

Freeway maximum capacity, C
IFL 2400 

Terrain type Level 

Conversions to pc/h Under Base Conditions

V (veh/h) PHF Truck (%) RV (%) E T E R f
HV fp v (pc/h)

VFF 1390  0.85  7  0  1.5  1.2  0.966  1.00  1693  

VRF 640  0.85  6  0  1.5  1.2  0.971  1.00  776  

VFR 200  0.85  6  0  1.5  1.2  0.971  1.00  242  

VRR 10  0.85  6  0  1.5  1.2  0.971  1.00  12  

VNW 1705 V = 2631  

VW 1018  

VR 0.374  

Configuration Characteristics

Minimum maneuver lanes, NWL 2 lc

Interchange density, ID 1.0 int/mi

Minimum RF lane changes, LC
RF 1 lc/pc

Minimum FR lane changes, LC
FR 1 lc/pc

Minimum RR lane changes, LC
RR lc/pc

Minimum weaving lane changes, LC
MIN 1018 lc/h

Weaving lane changes, LC
W 1466 lc/h

Non-weaving lane changes, LC
NW 2847 lc/h

Total lane changes, LC
ALL 4313 lc/h

Non-weaving vehicle index, I
NW 967 

Weaving Segment Speed, Density, Level of Service, and Capacity

Weaving segment flow rate, v 2631 veh/h

Weaving segment capacity, c
w 6203 veh/h

Weaving segment v/c ratio 0.424 

Weaving segment density, D 15.8 pc/mi/ln

Level of Service, LOS  B  

Weaving intensity factor, W 0.182 

Weaving segment speed, S 57.6 mph

Average weaving speed, S
W 59.8 mph

Average non-weaving speed, S
NW 56.3 mph

Maximum weaving length, L
MAX 6390 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

General Information Site Information

Analyst GHM 
Agency/Company HDR 
Date Performed 11/3/2014 
Analysis Time Period PM Peak 

Freeway/Dir of Travel I-229 Southbound 
Weaving Segment Location Benson to Rice 
Analysis Year 2035 No Build 

Project Description  I-229 MIS 

Inputs

Weaving configuration One-Sided 
Weaving number of lanes, N 3 

Weaving segment length, LS 5670ft

Freeway free-flow speed, FFS 68 mph 

Segment type Freeway 

Freeway minimum speed, S
MIN 15 

Freeway maximum capacity, C
IFL 2400 

Terrain type Level 

Conversions to pc/h Under Base Conditions

V (veh/h) PHF Truck (%) RV (%) E T E R f
HV fp v (pc/h)

VFF 1300  0.93  8  0  1.5  1.2  0.962  1.00  1454  

VRF 1320  0.93  6  0  1.5  1.2  0.971  1.00  1462  

VFR 270  0.93  6  0  1.5  1.2  0.971  1.00  299  

VRR 10  0.93  6  0  1.5  1.2  0.971  1.00  11  

VNW 1465 V = 3102  

VW 1761  

VR 0.546  

Configuration Characteristics

Minimum maneuver lanes, NWL 2 lc

Interchange density, ID 1.0 int/mi

Minimum RF lane changes, LC
RF 1 lc/pc

Minimum FR lane changes, LC
FR 1 lc/pc

Minimum RR lane changes, LC
RR lc/pc

Minimum weaving lane changes, LC
MIN 1761 lc/h

Weaving lane changes, LC
W 2209 lc/h

Non-weaving lane changes, LC
NW 2797 lc/h

Total lane changes, LC
ALL 5006 lc/h

Non-weaving vehicle index, I
NW 831 

Weaving Segment Speed, Density, Level of Service, and Capacity

Weaving segment flow rate, v 3102 veh/h

Weaving segment capacity, c
w 4227 veh/h

Weaving segment v/c ratio 0.734 

Weaving segment density, D 19.7 pc/mi/ln

Level of Service, LOS  B  

Weaving intensity factor, W 0.205 

Weaving segment speed, S 54.6 mph

Average weaving speed, S
W 59.0 mph

Average non-weaving speed, S
NW 50.2 mph

Maximum weaving length, L
MAX 8368 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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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period AM Peak PHF 0.85

Intersection Benson Rd & Cliff Ave Analysis Year 2035 Analysis Period 1> 7:15

File Name 2035_Build_Benson_Rd_Benson1_AM_2_Loop_Lanes_Potsdam_RIRO.xus

Project Description

Demand Information EB WB NB SB

Approach Movement L T R L T R L T R L T R

Demand (v), veh/h 100 550 60 80 1300 270 130 260 90 270 350 150

Signal Information

Green

Yellow

Red

4.7 39.3 5.4 5.0 2.4 11.3

3.0 3.5 3.0 3.0 3.0 3.5

1.0 2.0 1.0 1.0 1.0 2.0

Cycle, s 95.0 Reference Phase 2

Offset, s 0 Reference Point Begin

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 1 6 3 8 7 4

Case Number 1.3 4.0 1.2 3.0 1.1 3.0 2.0 3.0

Phase Duration, s 9.4 54.1 8.7 53.5 9.0 16.8 15.4 23.1

Change Period, (Y+Rc), s 5.5 5.5 4.0 5.5 4.0 5.5 4.0 5.5

Max Allow Headway (MAH), s 4.1 0.0 4.1 0.0 4.1 4.1 4.1 4.1

Queue Clearance Time (gs), s 4.0 5.1 7.0 10.5 11.1 12.9

Green Extension Time (ge), s 0.0 0.0 0.0 0.0 0.0 0.8 0.3 2.1

Phase Call Probability 0.96 0.92 0.98 1.00 1.00 1.00

Max Out Probability 1.00 1.00 1.00 1.00 1.00 0.72

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 118 365 353 96 1557 323 153 306 106 318 412 176

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1639 1617 1617 1439 1664 1664 1481 1616 1664 1481

Queue Service Time (gs), s 2.0 12.7 12.7 3.1 44.2 12.1 5.0 8.5 6.1 9.1 10.9 9.9

Cycle Queue Clearance Time (gc), s 2.0 12.7 12.7 3.1 44.2 12.1 5.0 8.5 6.1 9.1 10.9 9.9

Green Ratio (g/C) 0.43 0.51 0.51 0.48 0.51 0.63 0.17 0.12 0.17 0.12 0.19 0.23

Capacity (c), veh/h 146 869 839 353 1635 900 204 394 249 387 617 335

Volume-to-Capacity Ratio (X) 0.806 0.419 0.420 0.271 0.952 0.359 0.751 0.776 0.425 0.821 0.667 0.527

Available Capacity (ca), veh/h 149 869 839 390 1635 900 204 425 263 442 648 348

Back of Queue (Q), veh/ln (95th percentile) 6.6 8.4 8.2 1.7 19.8 1.5 3.7 6.8 4.0 7.3 7.9 5.1

Queue Storage Ratio (RQ) (95th percentile) 0.87 0.22 0.21 0.30 0.20 0.10 0.31 0.18 0.41 0.50 0.20 0.43

Uniform Delay (d1), s/veh 44.0 14.4 14.4 14.1 26.1 2.7 39.0 40.6 35.4 40.8 36.0 3.8

Incremental Delay (d2), s/veh 26.4 1.5 1.5 0.1 3.5 0.2 14.4 8.2 1.1 10.6 2.5 1.4

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 70.4 15.9 16.0 14.2 29.6 2.9 53.4 48.8 36.5 51.4 38.4 5.2

Level of Service (LOS) E B B B C A D D D D D A

Approach Delay, s/veh / LOS 23.6 C 24.5 C 47.8 D 36.5 D

Intersection Delay, s/veh / LOS 29.9 C

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.9 C 3.1 C 3.0 C 2.8 C

Bicycle LOS Score / LOS 1.2 A 2.1 B 1.0 A 1.2 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period AM Peak PHF 0.85

Intersection Benson Rd & Lewis Ave Analysis Year 2035 Analysis Period 1> 7:15

File Name 2035_Build_Benson_Rd_Benson1_AM_2_Loop_Lanes_Potsdam_RIRO.xus

Project Description

Demand Information EB WB NB SB

Approach Movement L T R L T R L T R L T R

Demand (v), veh/h 180 730 40 260 1500 300 60 40 50 110 60 120

Signal Information

Green

Yellow

Red

7.1 1.0 52.1 5.0 0.5 8.0

3.9 0.0 3.9 3.6 0.0 3.6

1.0 0.0 2.0 1.0 0.0 2.3

Cycle, s 95.0 Reference Phase 2

Offset, s 55 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

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 13.0 59.0 12.0 58.0 9.6 13.9 10.1 14.4

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 0.0 4.1 0.0 4.1 4.3 4.2 4.3

Queue Clearance Time (gs), s 9.4 9.2 5.9 8.2 5.7 10.2

Green Extension Time (ge), s 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Phase Call Probability 1.00 1.00 0.84 1.00 0.97 1.00

Max Out Probability 1.00 1.00 1.00 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 203 583 285 306 1765 353 71 106 129 71 141

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1651 1617 1617 1439 1681 1604 1632 1765 1496

Queue Service Time (gs), s 7.4 7.2 7.4 7.2 51.8 7.2 3.9 6.2 3.7 3.6 8.2

Cycle Queue Clearance Time (gc), s 7.4 7.2 7.4 7.2 51.8 7.2 3.9 6.2 3.7 3.6 8.2

Green Ratio (g/C) 0.63 0.56 0.56 0.62 0.55 0.60 0.05 0.08 0.06 0.09 0.17

Capacity (c), veh/h 215 1890 919 477 1765 869 89 134 190 157 262

Volume-to-Capacity Ratio (X) 0.945 0.309 0.310 0.641 1.000 0.406 0.793 0.788 0.681 0.449 0.540

Available Capacity (ca), veh/h 215 1890 919 477 1765 869 113 134 220 157 262

Back of Queue (Q), veh/ln (95th percentile) 11.2 4.2 4.4 5.0 17.3 2.6 4.0 6.1 3.0 3.0 5.6

Queue Storage Ratio (RQ) (95th percentile) 1.47 0.04 0.04 0.37 0.24 0.04 2.04 0.15 0.19 0.08 0.14

Uniform Delay (d1), s/veh 30.5 8.8 9.0 10.0 13.0 4.5 44.5 42.7 43.9 41.1 35.7

Incremental Delay (d2), s/veh 40.8 0.4 0.7 1.6 15.9 0.8 25.1 26.1 6.8 2.0 2.2

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

Control Delay (d), s/veh 71.3 9.1 9.8 11.6 28.9 5.3 69.5 68.8 50.7 43.1 37.9

Level of Service (LOS) E A A B C A E E D D D

Approach Delay, s/veh / LOS 21.1 C 23.3 C 69.1 E 43.8 D

Intersection Delay, s/veh / LOS 26.5 C

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.2 B 2.5 B 3.3 C 3.0 C

Bicycle LOS Score / LOS 1.1 A 2.5 B 0.8 A 1.1 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period AM Peak PHF 0.85

Intersection Benson Rd & I-229 SB RampsAnalysis Year 2035 Analysis Period 1> 7:15

File Name 2035_Build_Benson_Rd_Benson1_AM_2_Loop_Lanes_Potsdam_RIRO.xus

Project Description

Demand Information EB WB NB SB

Approach Movement L T R L T R L T R L T R

Demand (v), veh/h 470 370 280 2650 80 0 140

Signal Information

Green

Yellow

Red

39.0 21.9 13.0 0.0 0.0 0.0

5.0 5.0 5.0 0.0 0.0 0.0

2.0 2.0 2.0 0.0 0.0 0.0

Cycle, s 95.0 Reference Phase 2

Offset, s 8 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 2 1 6 4

Case Number 7.3 2.0 4.0 10.0

Phase Duration, s 46.0 28.9 75.0 20.0

Change Period, (Y+Rc), s 7.0 7.0 7.0 7.0

Max Allow Headway (MAH), s 0.0 3.1 0.0 3.2

Queue Clearance Time (gs), s 21.0 12.6

Green Extension Time (ge), s 0.0 0.9 0.0 0.4

Phase Call Probability 1.00 1.00

Max Out Probability 0.67 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 2 12 1 6 7 4 14

Adjusted Flow Rate (v), veh/h 536 422 329 3118 94 165

Adjusted Saturation Flow Rate (s), veh/h/ln 1698 1439 1617 1424 1617 1439

Queue Service Time (gs), s 10.7 24.0 19.0 29.8 5.1 10.6

Cycle Queue Clearance Time (gc), s 10.7 24.0 19.0 29.8 5.1 10.6

Green Ratio (g/C) 0.41 0.41 0.23 0.72 0.14 0.14

Capacity (c), veh/h 1396 591 374 4076 222 197

Volume-to-Capacity Ratio (X) 0.384 0.713 0.882 0.765 0.425 0.835

Available Capacity (ca), veh/h 1396 591 613 4076 460 410

Back of Queue (Q), veh/ln (95th percentile) 7.4 14.0 12.3 8.8 3.5 6.9

Queue Storage Ratio (RQ) (95th percentile) 0.10 0.19 1.00 0.17 0.09 0.18

Uniform Delay (d1), s/veh 20.2 25.7 40.0 6.8 37.6 39.9

Incremental Delay (d2), s/veh 0.7 6.7 3.8 1.1 0.5 3.5

Initial Queue Delay (d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0

Control Delay (d), s/veh 20.9 32.4 43.8 7.9 38.0 43.5

Level of Service (LOS) C C D A D D

Approach Delay, s/veh / LOS 26.0 C 11.3 B 0.0 41.5 D

Intersection Delay, s/veh / LOS 16.0 B

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 1.9 A 1.6 A 3.1 C 3.5 D

Bicycle LOS Score / LOS 1.3 A 1.9 A A 0.9 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period AM Peak PHF 0.85

Intersection Benson Rd & I-229 NB RampsAnalysis Year 2035 Analysis Period 1> 7:15

File Name 2035_Build_Benson_Rd_Benson1_AM_2_Loop_Lanes_Potsdam_RIRO.xus

Project Description

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 0 0 80 0 0 1580

Signal Information

Green

Yellow

Red

73.5 10.5 0.0 0.0 0.0 0.0

3.5 3.5 0.0 0.0 0.0 0.0

2.0 2.0 0.0 0.0 0.0 0.0

Cycle, s 95.0 Reference Phase 2

Offset, s 0 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 2 6 8 4

Case Number 6.0 8.0 8.0 7.0

Phase Duration, s 79.0 79.0 16.0 16.0

Change Period, (Y+Rc), s 5.5 5.5 5.5 5.5

Max Allow Headway (MAH), s 0.0 0.0 4.3 0.0

Queue Clearance Time (gs), s 7.4

Green Extension Time (ge), s 0.0 0.0 0.1 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 3 8 18 7 4 14

Adjusted Flow Rate (v), veh/h 93 545 1588 0 0 0 0

Adjusted Saturation Flow Rate (s), veh/h/ln 308 1617 1698 0 0 0 1274

Queue Service Time (gs), s 27.8 6.8 11.5 0.0 0.0 0.0 0.0

Cycle Queue Clearance Time (gc), s 32.4 6.8 11.5 0.0 0.0 0.0 0.0

Green Ratio (g/C) 0.77 0.77 0.77 0.11

Capacity (c), veh/h 276 2501 2628 282

Volume-to-Capacity Ratio (X) 0.336 0.218 0.604 0.000 0.000 0.000 0.000

Available Capacity (ca), veh/h 276 2501 2628 282

Back of Queue (Q), veh/ln (95th percentile) 3.2 3.0 2.8 0.0

Queue Storage Ratio (RQ) (95th percentile) 0.26 0.06 0.03 0.00 0.00 0.00 0.00

Uniform Delay (d1), s/veh 18.0 5.2 2.0 0.0

Incremental Delay (d2), s/veh 3.0 0.2 0.3 0.0 0.0 0.0 0.0

Initial Queue Delay (d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Control Delay (d), s/veh 21.0 5.4 2.4 0.0

Level of Service (LOS) C A A

Approach Delay, s/veh / LOS 7.7 A 2.4 A 52.5 D 0.0

Intersection Delay, s/veh / LOS 5.7 A

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.0 B 4.6 E 2.8 C 2.9 C

Bicycle LOS Score / LOS 1.0 A 1.8 A 0.6 A 0.5 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period AM Peak PHF 0.85

Intersection Benson Rd & Hall Ave Analysis Year 2035 Analysis Period 1> 7:15

File Name 2035_Build_Benson_Rd_Benson1_AM_2_Loop_Lanes_Potsdam_RIRO.xus

Project Description

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

Green

Yellow

Red

6.1 47.0 20.9 0.0 0.0 0.0

5.0 5.0 5.0 0.0 0.0 0.0

2.0 2.0 2.0 0.0 0.0 0.0

Cycle, s 95.0 Reference Phase 2

Offset, s 20 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 6 8 4

Case Number 1.0 4.0 6.3 6.0 6.0

Phase Duration, s 13.1 67.1 54.0 27.9 27.9

Change Period, (Y+Rc), s 7.0 7.0 7.0 7.0 7.0

Max Allow Headway (MAH), s 3.1 0.0 0.0 4.3 4.3

Queue Clearance Time (gs), s 6.9 15.6 20.5

Green Extension Time (ge), s 0.0 0.0 0.0 1.1 0.3

Phase Call Probability 0.99 1.00 1.00

Max Out Probability 1.00 0.47 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 174 235 230 59 802 786 129 259 59 59

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1653 889 1698 1645 1339 1669 1116 1543

Queue Service Time (gs), s 4.9 3.4 3.4 1.8 40.9 42.3 8.2 13.6 4.9 2.9

Cycle Queue Clearance Time (gc), s 4.9 3.4 3.4 1.8 40.9 42.3 11.2 13.6 18.5 2.9

Green Ratio (g/C) 0.58 0.63 0.63 0.49 0.49 0.49 0.22 0.22 0.22 0.22

Capacity (c), veh/h 195 1073 1045 515 839 813 329 368 162 340

Volume-to-Capacity Ratio (X) 0.895 0.219 0.220 0.114 0.956 0.968 0.393 0.703 0.364 0.173

Available Capacity (ca), veh/h 195 1073 1045 515 839 813 344 387 174 357

Back of Queue (Q), veh/ln (95th percentile) 6.8 1.9 1.9 0.6 14.7 14.2 4.9 10.0 2.5 2.0

Queue Storage Ratio (RQ) (95th percentile) 0.55 0.02 0.02 0.06 0.19 0.19 0.83 0.25 0.43 0.05

Uniform Delay (d1), s/veh 23.2 4.1 4.1 6.5 14.0 13.6 34.6 34.2 42.7 30.0

Incremental Delay (d2), s/veh 35.3 0.5 0.5 0.2 11.5 13.5 0.8 5.4 1.4 0.2

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

Control Delay (d), s/veh 58.5 4.6 4.6 6.7 25.5 27.1 35.3 39.5 44.1 30.2

Level of Service (LOS) E A A A C C D D D C

Approach Delay, s/veh / LOS 19.3 B 25.6 C 38.1 D 37.2 D

Intersection Delay, s/veh / LOS 26.4 C

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.2 B 2.3 B 2.8 C 2.8 C

Bicycle LOS Score / LOS 1.0 A 1.8 A 1.1 A 0.7 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period AM Peak PHF 0.85

Intersection Benson Rd & Sycamore AveAnalysis Year 2035 Analysis Period 1> 7:15

File Name 2035_Build_Benson_Rd_Benson1_AM_2_Loop_Lanes_Potsdam_RIRO.xus

Project Description

Demand Information EB WB NB SB

Approach Movement L T R L T R L T R L T R

Demand (v), veh/h 150 340 0 0 1230 200 0 0 0 100 0 170

Signal Information

Green

Yellow

Red

6.1 53.9 14.0 0.0 0.0 0.0

5.0 5.0 5.0 0.0 0.0 0.0

2.0 2.0 2.0 0.0 0.0 0.0

Cycle, s 95.0 Reference Phase 2

Offset, s 78 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 6 8 4

Case Number 1.0 4.0 6.3 6.0 5.0

Phase Duration, s 13.1 74.0 60.9 21.0 21.0

Change Period, (Y+Rc), s 7.0 7.0 7.0 7.0 7.0

Max Allow Headway (MAH), s 3.1 0.0 0.0 0.0 4.2

Queue Clearance Time (gs), s 6.0 13.6

Green Extension Time (ge), s 0.1 0.0 0.0 0.0 0.5

Phase Call Probability 0.99 1.00

Max Out Probability 0.39 0.88

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 175 396 0 0 851 831 0 0 118 0 200

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 0 947 1698 1616 1681 0 1681 1765 1496

Queue Service Time (gs), s 4.0 4.4 0.0 0.0 41.3 43.6 0.0 0.0 6.1 0.0 11.6

Cycle Queue Clearance Time (gc), s 4.0 4.4 0.0 0.0 41.3 43.6 0.0 0.0 6.1 0.0 11.6

Green Ratio (g/C) 0.65 0.70 0.57 0.57 0.57 0.15 0.15 0.15 0.21

Capacity (c), veh/h 210 2394 76 963 916 76 324 261 317

Volume-to-Capacity Ratio (X) 0.834 0.166 0.000 0.000 0.884 0.907 0.000 0.000 0.363 0.000 0.632

Available Capacity (ca), veh/h 276 2394 76 963 916 146 394 334 379

Back of Queue (Q), veh/ln (95th percentile) 5.0 2.3 0.0 23.7 24.4 0.0 4.5 0.0 7.6

Queue Storage Ratio (RQ) (95th percentile) 0.38 0.03 0.00 0.00 0.62 0.64 0.00 0.00 0.76 0.00 1.29

Uniform Delay (d1), s/veh 21.8 5.7 0.0 17.8 18.3 0.0 37.1 0.0 34.1

Incremental Delay (d2), s/veh 11.7 0.1 0.0 0.0 11.6 14.3 0.0 0.0 0.7 0.0 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

Control Delay (d), s/veh 33.5 5.8 0.0 29.5 32.6 0.0 37.8 0.0 36.6

Level of Service (LOS) C A C C D D

Approach Delay, s/veh / LOS 14.3 B 31.0 C 0.0 37.0 D

Intersection Delay, s/veh / LOS 28.0 C

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.2 B 2.4 B 2.8 C 2.8 C

Bicycle LOS Score / LOS 1.0 A 1.9 A 0.5 A 1.0 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period PM Peak PHF 0.93

Intersection Benson Rd & Cliff Ave Analysis Year 2035 Analysis Period 1> 4:30

File Name 2035_Build_Benson_Rd_Benson1_PM_2_Loop_Lanes_Potsdam_RIRO.xus

Project Description

Demand Information EB WB NB SB

Approach Movement L T R L T R L T R L T R

Demand (v), veh/h 130 900 150 190 640 100 120 450 250 330 370 110

Signal Information

Green

Yellow

Red

12.0 30.7 4.4 8.0 1.9 21.0

3.0 3.5 3.0 3.0 3.0 3.5

1.0 2.0 1.0 1.0 1.0 2.0

Cycle, s 105.0 Reference Phase 2

Offset, s 0 Reference Point Begin

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 1 6 3 8 7 4

Case Number 1.3 4.0 1.2 3.0 1.1 3.0 2.0 3.0

Phase Duration, s 8.4 44.6 16.0 52.2 12.0 26.5 17.9 32.4

Change Period, (Y+Rc), s 5.5 5.5 4.0 5.5 4.0 5.5 4.0 5.5

Max Allow Headway (MAH), s 4.1 0.0 4.1 0.0 4.1 4.1 4.1 4.1

Queue Clearance Time (gs), s 2.0 11.9 8.4 18.0 13.2 12.6

Green Extension Time (ge), s 0.6 0.0 0.1 0.0 0.0 3.0 0.6 5.1

Phase Call Probability 0.98 1.00 0.98 1.00 1.00 1.00

Max Out Probability 1.00 1.00 1.00 0.66 0.68 0.11

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 140 579 550 213 718 112 129 484 269 355 398 118

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1613 1617 1617 1439 1664 1664 1481 1616 1664 1481

Queue Service Time (gs), s 0.0 34.0 34.1 9.9 13.2 2.1 6.4 14.3 16.0 11.2 10.6 6.5

Cycle Queue Clearance Time (gc), s 0.0 34.0 34.1 9.9 13.2 2.1 6.4 14.3 16.0 11.2 10.6 6.5

Green Ratio (g/C) 0.30 0.37 0.37 0.43 0.44 0.58 0.28 0.20 0.31 0.13 0.26 0.28

Capacity (c), veh/h 287 633 601 253 1437 830 314 666 465 427 852 421

Volume-to-Capacity Ratio (X) 0.487 0.914 0.915 0.842 0.499 0.135 0.411 0.727 0.578 0.831 0.467 0.281

Available Capacity (ca), veh/h 288 633 601 278 1437 830 314 780 516 554 967 472

Back of Queue (Q), veh/ln (95th percentile) 5.7 23.3 22.6 5.7 6.8 0.4 4.6 9.9 9.5 8.5 7.5 3.5

Queue Storage Ratio (RQ) (95th percentile) 0.74 0.61 0.59 0.99 0.07 0.03 0.39 0.25 0.98 0.58 0.19 0.30

Uniform Delay (d1), s/veh 32.9 31.3 31.3 18.0 14.2 1.3 30.1 39.3 30.2 44.4 33.0 7.0

Incremental Delay (d2), s/veh 1.3 19.9 20.9 13.9 0.9 0.2 0.9 2.8 1.3 8.2 0.4 0.4

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 34.2 51.3 52.2 31.9 15.0 1.5 30.9 42.1 31.5 52.6 33.4 7.3

Level of Service (LOS) C D D C B A C D C D C A

Approach Delay, s/veh / LOS 49.8 D 17.0 B 37.3 D 37.7 D

Intersection Delay, s/veh / LOS 36.1 D

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.9 C 3.1 C 3.0 C 2.8 C

Bicycle LOS Score / LOS 1.5 A 1.3 A 1.2 A 1.2 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period PM Peak PHF 0.93

Intersection Benson Rd & Lewis Ave Analysis Year 2035 Analysis Period 1> 4:30

File Name 2035_Build_Benson_Rd_Benson1_PM_2_Loop_Lanes_Potsdam_RIRO.xus

Project Description

Demand Information EB WB NB SB

Approach Movement L T R L T R L T R L T R

Demand (v), veh/h 110 1370 30 140 770 100 90 50 130 720 50 110

Signal Information

Green

Yellow

Red

7.1 24.9 5.1 8.4 13.4 15.1

3.9 3.9 3.9 3.6 3.6 3.6

1.0 2.2 1.0 1.0 1.0 2.3

Cycle, s 105.0 Reference Phase 2

Offset, s 83 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 1 6 3 8 7 4

Case Number 1.3 4.0 1.2 3.0 2.0 4.0 2.0 3.0

Phase Duration, s 10.0 41.0 12.0 43.0 13.0 21.0 31.0 39.0

Change Period, (Y+Rc), s 6.1 6.1 4.9 6.1 4.6 5.9 4.6 5.9

Max Allow Headway (MAH), s 4.1 0.0 4.1 0.0 4.1 4.3 4.2 4.3

Queue Clearance Time (gs), s 2.0 9.1 7.9 14.7 26.4 7.8

Green Extension Time (ge), s 1.4 0.0 0.0 0.0 0.0 0.1 0.0 1.4

Phase Call Probability 0.97 0.99 1.00 1.00 1.00 1.00

Max Out Probability 1.00 1.00 1.00 1.00 1.00 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 116 987 488 151 828 108 97 194 774 54 118

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1679 1617 1617 1439 1681 1562 1632 1765 1496

Queue Service Time (gs), s 0.0 27.4 27.3 7.1 23.8 3.4 5.9 12.7 24.4 2.3 5.8

Cycle Queue Clearance Time (gc), s 0.0 27.4 27.3 7.1 23.8 3.4 5.9 12.7 24.4 2.3 5.8

Green Ratio (g/C) 0.26 0.33 0.33 0.32 0.35 0.60 0.08 0.14 0.25 0.32 0.35

Capacity (c), veh/h 189 1129 558 178 1137 868 134 225 821 556 526

Volume-to-Capacity Ratio (X) 0.614 0.875 0.875 0.846 0.728 0.124 0.720 0.862 0.943 0.097 0.225

Available Capacity (ca), veh/h 191 1129 558 178 1137 868 134 225 821 556 526

Back of Queue (Q), veh/ln (95th percentile) 4.9 12.9 13.2 7.3 14.7 1.2 6.3 11.2 17.6 1.8 3.3

Queue Storage Ratio (RQ) (95th percentile) 0.64 0.13 0.13 0.55 0.20 0.02 3.19 0.28 1.12 0.05 0.08

Uniform Delay (d1), s/veh 46.1 25.4 24.8 30.1 31.3 5.1 47.2 43.9 38.6 25.4 8.3

Incremental Delay (d2), s/veh 2.5 4.5 8.5 28.7 3.9 0.3 28.1 32.7 20.3 0.3 1.0

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 48.5 29.9 33.3 58.8 35.2 5.3 75.3 76.7 58.9 25.7 9.3

Level of Service (LOS) D C C E D A E E E C A

Approach Delay, s/veh / LOS 32.3 C 35.5 D 76.2 E 50.8 D

Intersection Delay, s/veh / LOS 40.9 D

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.3 B 2.6 B 3.3 C 3.0 C

Bicycle LOS Score / LOS 1.4 A 1.4 A 1.0 A 2.0 B
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period PM Peak PHF 0.93

Intersection Benson Rd & I-229 SB RampsAnalysis Year 2035 Analysis Period 1> 4:30

File Name 2035_Build_Benson_Rd_Benson1_PM_2_Loop_Lanes_Potsdam_RIRO.xus

Project Description

Demand Information EB WB NB SB

Approach Movement L T R L T R L T R L T R

Demand (v), veh/h 1180 1160 170 1060 40 0 70

Signal Information

Green

Yellow

Red

63.0 13.8 7.3 0.0 0.0 0.0

5.0 5.0 5.0 0.0 0.0 0.0

2.0 2.0 2.0 0.0 0.0 0.0

Cycle, s 105.0 Reference Phase 2

Offset, s 54 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 2 1 6 4

Case Number 7.3 2.0 4.0 10.0

Phase Duration, s 70.0 20.8 90.7 14.3

Change Period, (Y+Rc), s 7.0 7.0 7.0 7.0

Max Allow Headway (MAH), s 0.0 3.1 0.0 3.2

Queue Clearance Time (gs), s 13.5 7.4

Green Extension Time (ge), s 0.0 0.3 0.0 0.1

Phase Call Probability 1.00 0.97

Max Out Probability 0.38 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 2 12 1 6 7 4 14

Adjusted Flow Rate (v), veh/h 1322 230 183 1140 43 75

Adjusted Saturation Flow Rate (s), veh/h/ln 1683 1439 1617 1286 1617 1439

Queue Service Time (gs), s 22.9 7.0 11.5 8.0 2.7 5.4

Cycle Queue Clearance Time (gc), s 22.9 7.0 11.5 8.0 2.7 5.4

Green Ratio (g/C) 0.60 0.60 0.13 0.80 0.07 0.07

Capacity (c), veh/h 2018 863 212 4100 112 100

Volume-to-Capacity Ratio (X) 0.655 0.266 0.863 0.278 0.383 0.753

Available Capacity (ca), veh/h 2018 863 308 4100 281 250

Back of Queue (Q), veh/ln (95th percentile) 8.4 3.3 8.4 2.6 1.9 3.6

Queue Storage Ratio (RQ) (95th percentile) 0.11 0.04 0.67 0.05 0.05 0.09

Uniform Delay (d1), s/veh 9.8 8.5 42.0 4.0 46.7 48.0

Incremental Delay (d2), s/veh 0.5 0.2 10.7 0.2 0.8 4.2

Initial Queue Delay (d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0

Control Delay (d), s/veh 10.3 8.7 52.7 4.1 47.5 52.2

Level of Service (LOS) B A D A D D

Approach Delay, s/veh / LOS 10.1 B 10.9 B 0.0 50.5 D

Intersection Delay, s/veh / LOS 12.0 B

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 1.9 A 1.6 A 3.1 C 4.7 E

Bicycle LOS Score / LOS 1.8 A 1.0 A 0.7 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period PM Peak PHF 0.93

Intersection Benson Rd & I-229 NB RampsAnalysis Year 2035 Analysis Period 1> 4:30

File Name 2035_Build_Benson_Rd_Benson1_PM_2_Loop_Lanes_Potsdam_RIRO.xus

Project Description

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 0 0 350 0 0 360

Signal Information

Green

Yellow

Red

76.7 17.3 0.0 0.0 0.0 0.0

3.5 3.5 0.0 0.0 0.0 0.0

2.0 2.0 0.0 0.0 0.0 0.0

Cycle, s 105.0 Reference Phase 2

Offset, s 83 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 2 6 8 4

Case Number 6.0 8.0 8.0 7.0

Phase Duration, s 82.2 82.2 22.8 22.8

Change Period, (Y+Rc), s 5.5 5.5 5.5 5.5

Max Allow Headway (MAH), s 0.0 0.0 4.3 0.0

Queue Clearance Time (gs), s 16.6

Green Extension Time (ge), s 0.0 0.0 0.7 0.0

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 3 8 18 7 4 14

Adjusted Flow Rate (v), veh/h 180 1109 474 472 0 0 0

Adjusted Saturation Flow Rate (s), veh/h/ln 568 1617 1698 1691 0 0 1274

Queue Service Time (gs), s 1.4 2.7 17.6 12.0 0.0 0.0 0.0

Cycle Queue Clearance Time (gc), s 31.7 2.7 17.6 12.0 0.0 0.0 0.0

Green Ratio (g/C) 0.73 0.73 0.73 0.73 0.16

Capacity (c), veh/h 388 2363 1241 1236 419

Volume-to-Capacity Ratio (X) 0.463 0.469 0.382 0.382 0.000 0.000 0.000

Available Capacity (ca), veh/h 388 2363 1241 1236 837

Back of Queue (Q), veh/ln (95th percentile) 2.0 1.0 6.7 6.6 0.0

Queue Storage Ratio (RQ) (95th percentile) 0.16 0.02 0.07 0.07 0.00 0.00 0.00

Uniform Delay (d1), s/veh 4.2 0.6 6.1 6.0 0.0

Incremental Delay (d2), s/veh 3.0 0.5 0.7 0.7 0.0 0.0 0.0

Initial Queue Delay (d3), s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Control Delay (d), s/veh 7.2 1.2 6.8 6.8 0.0

Level of Service (LOS) A A A A

Approach Delay, s/veh / LOS 2.0 A 6.8 A 52.1 D 0.0

Intersection Delay, s/veh / LOS 8.1 A

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.3 B 2.9 C 2.8 C 2.9 C

Bicycle LOS Score / LOS 1.6 A 1.3 A 0.8 A 0.5 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period PM Peak PHF 0.93

Intersection Benson Rd & Hall Ave Analysis Year 2035 Analysis Period 1> 4:30

File Name 2035_Build_Benson_Rd_Benson1_PM_2_Loop_Lanes_Potsdam_RIRO.xus

Project Description

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

Green

Yellow

Red

4.2 44.2 3.9 26.6 0.0 0.0

4.0 5.0 5.0 5.0 0.0 0.0

1.0 2.0 2.0 2.0 0.0 0.0

Cycle, s 105.0 Reference Phase 2

Offset, s 22 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 1 6 8 4

Case Number 1.3 4.0 1.2 4.0 6.0 6.0

Phase Duration, s 10.9 62.2 9.2 60.5 33.6 33.6

Change Period, (Y+Rc), s 7.0 7.0 5.0 7.0 7.0 7.0

Max Allow Headway (MAH), s 3.1 0.0 3.1 0.0 4.2 4.2

Queue Clearance Time (gs), s 2.0 4.3 25.0 21.5

Green Extension Time (ge), s 1.3 0.0 0.1 0.0 1.5 1.8

Phase Call Probability 0.79 0.85 1.00 1.00

Max Out Probability 1.00 0.00 0.29 0.09

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 53 724 709 65 423 416 32 86 140 323

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1654 1617 1698 1667 1053 1555 1306 1619

Queue Service Time (gs), s 0.0 33.8 34.2 2.3 18.3 18.4 3.1 4.6 10.0 19.5

Cycle Queue Clearance Time (gc), s 0.0 33.8 34.2 2.3 18.3 18.4 23.0 4.6 14.9 19.5

Green Ratio (g/C) 0.44 0.53 0.53 0.48 0.51 0.51 0.25 0.25 0.25 0.25

Capacity (c), veh/h 331 892 868 171 864 848 136 394 339 410

Volume-to-Capacity Ratio (X) 0.160 0.812 0.816 0.378 0.490 0.490 0.238 0.218 0.413 0.786

Available Capacity (ca), veh/h 348 892 868 421 864 848 200 489 418 509

Back of Queue (Q), veh/ln (95th percentile) 1.6 16.8 16.5 1.4 11.5 11.5 1.5 3.1 5.7 12.8

Queue Storage Ratio (RQ) (95th percentile) 0.13 0.15 0.15 0.14 0.15 0.15 0.25 0.08 0.97 0.33

Uniform Delay (d1), s/veh 23.9 15.4 15.4 21.5 18.9 19.2 47.5 31.0 37.0 36.5

Incremental Delay (d2), s/veh 0.1 6.7 7.1 0.4 1.7 1.7 0.9 0.3 0.8 6.4

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

Control Delay (d), s/veh 23.9 22.1 22.5 21.9 20.6 20.9 48.4 31.2 37.8 43.0

Level of Service (LOS) C C C C C C D C D D

Approach Delay, s/veh / LOS 22.4 C 20.8 C 35.9 D 41.4 D

Intersection Delay, s/veh / LOS 25.4 C

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.3 B 2.3 B 2.8 C 2.8 C

Bicycle LOS Score / LOS 1.7 A 1.2 A 0.7 A 1.3 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period PM Peak PHF 0.93

Intersection Benson Rd & Sycamore AveAnalysis Year 2035 Analysis Period 1> 4:30

File Name 2035_Build_Benson_Rd_Benson1_PM_2_Loop_Lanes_Potsdam_RIRO.xus

Project Description

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 1270 0 0 690 100 0 0 0 350 0 150

Signal Information

Green

Yellow

Red

7.9 49.9 26.3 0.0 0.0 0.0

5.0 5.0 5.0 0.0 0.0 0.0

2.0 2.0 2.0 0.0 0.0 0.0

Cycle, s 105.0 Reference Phase 2

Offset, s 61 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 6 8 4

Case Number 1.0 4.0 6.3 6.0 5.0

Phase Duration, s 14.9 71.7 56.9 33.3 33.3

Change Period, (Y+Rc), s 7.0 7.0 7.0 7.0 7.0

Max Allow Headway (MAH), s 3.1 0.0 0.0 0.0 4.1

Queue Clearance Time (gs), s 7.7 24.7

Green Extension Time (ge), s 0.2 0.0 0.0 0.0 1.6

Phase Call Probability 0.99 1.00

Max Out Probability 0.00 0.07

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 181 1350 0 0 434 415 0 0 376 0 161

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 0 387 1698 1622 1681 0 1681 1765 1496

Queue Service Time (gs), s 5.7 14.2 0.0 0.0 18.9 19.0 0.0 0.0 22.7 0.0 9.5

Cycle Queue Clearance Time (gc), s 5.7 14.2 0.0 0.0 18.9 19.0 0.0 0.0 22.7 0.0 9.5

Green Ratio (g/C) 0.57 0.62 0.47 0.47 0.47 0.25 0.25 0.25 0.25

Capacity (c), veh/h 372 2093 69 806 770 69 489 442 374

Volume-to-Capacity Ratio (X) 0.485 0.645 0.000 0.000 0.539 0.539 0.000 0.000 0.769 0.000 0.431

Available Capacity (ca), veh/h 509 2093 69 806 770 224 645 605 513

Back of Queue (Q), veh/ln (95th percentile) 3.4 4.9 0.0 12.1 11.7 0.0 14.6 0.0 6.2

Queue Storage Ratio (RQ) (95th percentile) 0.26 0.06 0.00 0.00 0.32 0.31 0.00 0.00 2.47 0.00 1.05

Uniform Delay (d1), s/veh 14.0 4.2 0.0 19.5 19.5 0.0 38.0 0.0 33.1

Incremental Delay (d2), s/veh 0.2 0.9 0.0 0.0 2.6 2.7 0.0 0.0 4.1 0.0 0.8

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 14.2 5.1 0.0 22.0 22.2 0.0 42.1 0.0 33.9

Level of Service (LOS) B A C C D C

Approach Delay, s/veh / LOS 6.2 A 22.1 C 0.0 39.6 D

Intersection Delay, s/veh / LOS 17.0 B

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.2 B 2.4 B 2.8 C 2.8 C

Bicycle LOS Score / LOS 1.8 A 1.2 A 0.5 A 1.4 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period AM Peak PHF 0.85

Intersection Benson Rd & Cliff Ave Analysis Year 2035 Analysis Period 1> 7:15

File Name 2035_Build_Benson_Rd_Benson4_AM_Potsdam_RIRO.xus

Project Description 2035 Build AM - Benson-4

Demand Information EB WB NB SB

Approach Movement L T R L T R L T R L T R

Demand (v), veh/h 100 550 60 80 1300 270 130 260 90 270 350 150

Signal Information

Green

Yellow

Red

3.7 48.6 5.4 7.0 0.0 13.3

3.0 3.5 3.0 3.0 3.0 3.5

1.0 2.0 1.0 1.0 1.0 2.0

Cycle, s 105.0 Reference Phase 2

Offset, s 0 Reference Point Begin

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 1 6 3 8 7 4

Case Number 1.3 4.0 1.2 3.0 1.1 3.0 2.0 3.0

Phase Duration, s 9.4 63.4 7.7 61.8 11.0 18.8 15.0 22.8

Change Period, (Y+Rc), s 5.5 5.5 4.0 5.5 4.0 5.5 4.0 5.5

Max Allow Headway (MAH), s 4.1 0.0 4.1 0.0 4.1 4.1 4.1 4.1

Queue Clearance Time (gs), s 2.0 4.2 9.0 11.3 12.2 14.4

Green Extension Time (ge), s 0.7 0.0 0.1 0.0 0.0 2.0 0.0 2.3

Phase Call Probability 0.97 0.86 0.99 1.00 1.00 1.00

Max Out Probability 1.00 0.04 1.00 0.78 1.00 0.64

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 118 365 353 69 1115 232 153 306 106 318 412 176

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1639 1617 1617 1439 1664 1664 1481 1616 1664 1481

Queue Service Time (gs), s 0.0 12.9 12.9 2.2 22.7 5.4 7.0 9.3 6.8 10.2 12.4 11.3

Cycle Queue Clearance Time (gc), s 0.0 12.9 12.9 2.2 22.7 5.4 7.0 9.3 6.8 10.2 12.4 11.3

Green Ratio (g/C) 0.48 0.55 0.55 0.52 0.54 0.64 0.19 0.13 0.16 0.10 0.16 0.20

Capacity (c), veh/h 245 937 904 364 1733 922 203 422 241 339 549 299

Volume-to-Capacity Ratio (X) 0.481 0.389 0.390 0.188 0.643 0.251 0.755 0.724 0.440 0.938 0.750 0.590

Available Capacity (ca), veh/h 247 937 904 479 1733 922 203 523 285 339 650 344

Back of Queue (Q), veh/ln (95th percentile) 5.0 8.5 8.3 1.5 10.4 1.1 2.8 7.1 4.5 9.4 9.0 5.7

Queue Storage Ratio (RQ) (95th percentile) 0.66 0.22 0.22 0.25 0.10 0.07 0.24 0.18 0.46 0.64 0.23 0.49

Uniform Delay (d1), s/veh 33.1 13.4 13.4 14.3 13.4 0.9 40.1 44.1 39.7 46.7 41.8 4.4

Incremental Delay (d2), s/veh 1.5 1.2 1.3 0.2 1.3 0.5 14.8 3.8 1.3 33.2 4.0 2.0

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 34.6 14.7 14.7 14.5 14.7 1.3 54.9 47.9 40.9 79.9 45.8 6.5

Level of Service (LOS) C B B B B A D D D E D A

Approach Delay, s/veh / LOS 17.5 B 12.5 B 48.5 D 50.1 D

Intersection Delay, s/veh / LOS 28.2 C

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.9 C 3.1 C 3.0 C 2.9 C

Bicycle LOS Score / LOS 1.2 A 2.1 B 1.0 A 1.2 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period AM Peak PHF 0.85

Intersection Benson Rd & Lewis Ave Analysis Year 2035 Analysis Period 1> 7:15

File Name 2035_Build_Benson_Rd_Benson4_AM_Potsdam_RIRO.xus

Project Description 2035 Build AM - Benson-4

Demand Information EB WB NB SB

Approach Movement L T R L T R L T R L T R

Demand (v), veh/h 180 730 40 260 1500 300 60 40 50 110 60 120

Signal Information

Green

Yellow

Red

9.1 46.7 5.7 5.6 0.5 11.1

3.9 3.9 3.9 3.6 0.0 3.6

1.0 2.2 1.0 1.0 0.0 2.3

Cycle, s 105.0 Reference Phase 2

Offset, s 117 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 1 6 3 8 7 4

Case Number 1.2 4.0 1.3 3.0 2.0 4.0 2.0 3.0

Phase Duration, s 14.0 66.8 10.6 63.4 10.2 17.0 10.6 17.5

Change Period, (Y+Rc), s 4.9 6.1 5.9 5.9 4.6 5.9 4.6 5.9

Max Allow Headway (MAH), s 4.1 0.0 4.1 0.0 4.1 4.3 4.2 4.3

Queue Clearance Time (gs), s 8.8 2.0 6.4 8.6 6.1 10.8

Green Extension Time (ge), s 0.3 0.0 2.7 0.0 0.0 0.9 0.1 0.8

Phase Call Probability 1.00 1.00 0.87 1.00 0.98 1.00

Max Out Probability 0.24 1.00 1.00 0.05 1.00 0.11

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 203 583 285 209 1203 241 71 106 129 71 141

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1651 1617 1617 1439 1681 1604 1632 1765 1496

Queue Service Time (gs), s 6.8 8.8 9.1 0.0 27.5 8.0 4.4 6.6 4.1 3.9 8.8

Cycle Queue Clearance Time (gc), s 6.8 8.8 9.1 0.0 27.5 8.0 4.4 6.6 4.1 3.9 8.8

Green Ratio (g/C) 0.55 0.58 0.58 0.47 0.55 0.61 0.05 0.11 0.06 0.11 0.20

Capacity (c), veh/h 273 1962 954 401 1770 871 89 169 188 194 294

Volume-to-Capacity Ratio (X) 0.744 0.297 0.298 0.520 0.680 0.276 0.792 0.625 0.689 0.363 0.480

Available Capacity (ca), veh/h 362 1962 954 422 1770 871 125 288 273 325 405

Back of Queue (Q), veh/ln (95th percentile) 4.7 5.5 5.7 7.1 13.6 4.2 4.2 5.0 3.2 3.2 5.9

Queue Storage Ratio (RQ) (95th percentile) 0.61 0.05 0.06 0.53 0.17 0.05 2.11 0.13 0.20 0.08 0.15

Uniform Delay (d1), s/veh 20.3 10.6 11.0 24.0 16.2 9.3 49.1 45.0 48.6 43.3 37.4

Incremental Delay (d2), s/veh 4.6 0.3 0.6 0.8 1.6 0.6 20.2 3.7 4.4 1.1 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

Control Delay (d), s/veh 24.9 10.9 11.7 24.7 17.7 9.9 69.4 48.7 53.0 44.4 38.6

Level of Service (LOS) C B B C B A E D D D D

Approach Delay, s/veh / LOS 13.8 B 17.5 B 57.0 E 45.3 D

Intersection Delay, s/veh / LOS 21.3 C

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.3 B 2.5 B 3.3 C 3.0 C

Bicycle LOS Score / LOS 1.1 A 2.5 B 0.8 A 1.1 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period AM Peak PHF 0.85

Intersection Benson Rd & I-229 SB RampsAnalysis Year 2035 Analysis Period 1> 7:15

File Name 2035_Build_Benson_Rd_Benson4_AM_Potsdam_RIRO.xus

Project Description 2035 Build AM - Benson-4

Demand Information EB WB NB SB

Approach Movement L T R L T R L T R L T R

Demand (v), veh/h 1 470 370 1 2650 280 0 80 0 140

Signal Information

Green

Yellow

Red

37.0 0.0 54.0 1.0 0.0 0.0

5.0 0.0 5.0 0.0 0.0 0.0

2.0 0.0 1.0 0.0 0.0 0.0

Cycle, s 105.0 Reference Phase 2

Offset, s 16 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 1 6 8 4

Case Number 2.0 3.0 2.0 4.0 5.0 5.0

Phase Duration, s 44.0 44.0 60.0 60.0 1.0 1.0

Change Period, (Y+Rc), s 7.0 0.0 6.0 6.0 0.0 0.0

Max Allow Headway (MAH), s 3.1 0.0 3.1 0.0 3.3 3.3

Queue Clearance Time (gs), s 2.0 2.0 3.0 3.0

Green Extension Time (ge), s 0.0 0.0 8.1 0.0 0.0 0.0

Phase Call Probability 1.00 1.00 1.00 1.00

Max Out Probability 0.00 0.00 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 18 7 14

Adjusted Flow Rate (v), veh/h 1 535 421 1 1737 541 0 94 0 165

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1439 1617 1698 1583 1170 1439 1248 1439

Queue Service Time (gs), s 0.0 9.3 20.6 0.0 32.6 32.7 0.0 0.5 0.0 0.5

Cycle Queue Clearance Time (gc), s 0.0 9.3 20.6 0.0 32.6 32.7 0.0 0.5 0.0 0.5

Green Ratio (g/C) 0.35 0.42 0.42 0.51 0.51 0.51 0.01 0.52 0.01 0.36

Capacity (c), veh/h 570 1423 603 832 2620 814 69 740 69 507

Volume-to-Capacity Ratio (X) 0.002 0.376 0.698 0.001 0.663 0.664 0.000 0.127 0.000 0.325

Available Capacity (ca), veh/h 570 1423 603 832 2620 814 69 740 69 507

Back of Queue (Q), veh/ln (95th percentile) 0.0 6.0 9.5 0.0 16.3 15.3 0.0 2.0 0.0 5.2

Queue Storage Ratio (RQ) (95th percentile) 0.01 0.07 0.12 0.01 0.47 0.45 0.00 0.07 0.00 0.20

Uniform Delay (d1), s/veh 14.5 15.8 15.5 19.8 32.5 32.5 0.0 13.3 0.0 24.9

Incremental Delay (d2), s/veh 0.0 0.7 6.2 0.0 0.1 0.4 0.0 0.0 0.0 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 0.0

Control Delay (d), s/veh 14.5 16.5 21.7 19.8 32.6 32.9 0.0 13.3 0.0 25.0

Level of Service (LOS) B B C B C C B C

Approach Delay, s/veh / LOS 18.8 B 32.7 C 13.3 B 25.0 C

Intersection Delay, s/veh / LOS 28.0 C

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.2 B 2.2 B 3.1 C 3.6 D

Bicycle LOS Score / LOS 1.3 A 1.9 A F F
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period AM Peak PHF 0.85

Intersection Benson Rd & I-229 NB RampsAnalysis Year 2035 Analysis Period 1> 7:15

File Name 2035_Build_Benson_Rd_Benson4_AM_Potsdam_RIRO.xus

Project Description 2035 Build AM - Benson-4

Demand Information EB WB NB SB

Approach Movement L T R L T R L T R L T R

Demand (v), veh/h 1 470 80 1 1350 30 0 80 0 1580

Signal Information

Green

Yellow

Red

56.0 0.0 37.0 1.0 0.0 0.0

4.0 0.0 4.0 0.0 0.0 0.0

2.0 0.0 1.0 0.0 0.0 0.0

Cycle, s 105.0 Reference Phase 2

Offset, s 77 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 1 6 8 4

Case Number 2.0 4.0 2.0 4.0 5.0 5.0

Phase Duration, s 62.0 62.0 42.0 42.0 1.0 1.0

Change Period, (Y+Rc), s 6.0 0.0 5.0 5.0 0.0 0.0

Max Allow Headway (MAH), s 3.1 0.0 3.1 0.0 3.4 3.4

Queue Clearance Time (gs), s 2.1 2.0 3.0 3.0

Green Extension Time (ge), s 0.0 0.0 4.4 0.0 0.0 0.0

Phase Call Probability 1.00 1.00 1.00 1.00

Max Out Probability 0.00 0.00 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 18 7 14

Adjusted Flow Rate (v), veh/h 1 321 307 1 1086 537 0 94 0 1859

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1612 1617 1698 1678 1617 1439 1617 1274

Queue Service Time (gs), s 0.1 16.4 16.5 0.0 31.8 31.8 0.0 0.5 0.0 0.5

Cycle Queue Clearance Time (gc), s 0.1 16.4 16.5 0.0 31.8 31.8 0.0 0.5 0.0 0.5

Green Ratio (g/C) 0.53 0.59 0.59 0.35 0.35 0.35 0.01 0.36 0.01 0.54

Capacity (c), veh/h 863 1003 952 570 1197 591 69 507 69 2038

Volume-to-Capacity Ratio (X) 0.001 0.320 0.322 0.002 0.907 0.907 0.000 0.186 0.000 0.912

Available Capacity (ca), veh/h 863 1003 952 570 1197 591 69 507 69 2038

Back of Queue (Q), veh/ln (95th percentile) 0.0 11.8 11.4 0.0 16.5 17.1 0.0 2.8 0.0 20.3

Queue Storage Ratio (RQ) (95th percentile) 0.02 0.34 0.33 0.02 0.15 0.16 0.00 0.12 0.00 0.97

Uniform Delay (d1), s/veh 18.6 22.6 22.6 21.9 31.0 31.1 0.0 23.6 0.0 22.3

Incremental Delay (d2), s/veh 0.0 0.8 0.9 0.0 5.0 9.3 0.0 0.1 0.0 6.6

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

Control Delay (d), s/veh 18.7 23.4 23.5 21.9 36.0 40.4 0.0 23.6 0.0 28.9

Level of Service (LOS) B C C C D D C C

Approach Delay, s/veh / LOS 23.4 C 37.4 D 23.6 C 28.9 C

Intersection Delay, s/veh / LOS 31.2 C

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.3 B 2.6 B 3.0 C 3.2 C

Bicycle LOS Score / LOS 1.0 A 1.4 A F F
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period AM Peak PHF 0.85

Intersection Benson Rd & Hall Ave Analysis Year 2035 Analysis Period 1> 7:15

File Name 2035_Build_Benson_Rd_Benson4_AM_Potsdam_RIRO.xus

Project Description 2035 Build AM - Benson-4

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

Green

Yellow

Red

7.0 53.7 23.3 0.0 0.0 0.0

5.0 5.0 5.0 0.0 0.0 0.0

2.0 2.0 2.0 0.0 0.0 0.0

Cycle, s 105.0 Reference Phase 2

Offset, s 52 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 6 8 4

Case Number 1.0 4.0 6.3 6.0 6.0

Phase Duration, s 14.0 74.7 60.7 30.3 30.3

Change Period, (Y+Rc), s 7.0 7.0 7.0 7.0 7.0

Max Allow Headway (MAH), s 3.1 0.0 0.0 4.3 4.3

Queue Clearance Time (gs), s 7.0 17.0 22.5

Green Extension Time (ge), s 0.1 0.0 0.0 1.4 0.7

Phase Call Probability 0.99 1.00 1.00

Max Out Probability 0.51 0.18 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 172 232 227 59 802 786 129 259 59 59

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1653 894 1698 1645 1339 1669 1116 1543

Queue Service Time (gs), s 5.0 12.5 12.6 1.4 39.9 40.9 9.1 15.0 5.4 3.2

Cycle Queue Clearance Time (gc), s 5.0 12.5 12.6 1.4 39.9 40.9 12.5 15.0 20.5 3.2

Green Ratio (g/C) 0.60 0.64 0.64 0.51 0.51 0.51 0.22 0.22 0.22 0.22

Capacity (c), veh/h 216 1094 1065 525 868 841 324 371 156 343

Volume-to-Capacity Ratio (X) 0.798 0.212 0.213 0.112 0.924 0.936 0.400 0.697 0.377 0.171

Available Capacity (ca), veh/h 272 1094 1065 525 868 841 357 413 184 382

Back of Queue (Q), veh/ln (95th percentile) 4.9 9.7 9.6 0.5 10.8 10.4 5.5 10.7 2.8 2.2

Queue Storage Ratio (RQ) (95th percentile) 0.39 0.09 0.09 0.05 0.14 0.14 0.93 0.27 0.47 0.06

Uniform Delay (d1), s/veh 23.4 20.9 21.0 4.7 10.8 10.2 38.1 37.6 47.1 33.0

Incremental Delay (d2), s/veh 9.3 0.4 0.4 0.2 9.0 10.4 0.8 4.5 1.5 0.2

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

Control Delay (d), s/veh 32.7 21.4 21.4 4.9 19.9 20.6 38.9 42.0 48.6 33.2

Level of Service (LOS) C C C A B C D D D C

Approach Delay, s/veh / LOS 24.5 C 19.7 B 41.0 D 40.9 D

Intersection Delay, s/veh / LOS 24.6 C

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.2 B 2.3 B 2.8 C 2.8 C

Bicycle LOS Score / LOS 1.0 A 1.8 A 1.1 A 0.7 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period AM Peak PHF 0.85

Intersection Benson Rd & Sycamore AveAnalysis Year 2035 Analysis Period 1> 7:15

File Name 2035_Build_Benson_Rd_Benson4_AM_Potsdam_RIRO.xus

Project Description 2035 Build AM - Benson-4

Demand Information EB WB NB SB

Approach Movement L T R L T R L T R L T R

Demand (v), veh/h 150 340 0 0 1230 200 0 0 0 100 0 170

Signal Information

Green

Yellow

Red

6.1 62.4 15.5 0.0 0.0 0.0

5.0 5.0 5.0 0.0 0.0 0.0

2.0 2.0 2.0 0.0 0.0 0.0

Cycle, s 105.0 Reference Phase 2

Offset, s 23 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 6 8 4

Case Number 1.0 4.0 6.3 6.0 5.0

Phase Duration, s 13.1 82.5 69.4 22.5 22.5

Change Period, (Y+Rc), s 7.0 7.0 7.0 7.0 7.0

Max Allow Headway (MAH), s 3.1 0.0 0.0 0.0 4.2

Queue Clearance Time (gs), s 6.0 14.9

Green Extension Time (ge), s 0.2 0.0 0.0 0.0 0.6

Phase Call Probability 0.99 1.00

Max Out Probability 0.01 0.36

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 173 392 0 0 851 831 0 0 118 0 200

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 0 950 1698 1616 1681 0 1681 1765 1496

Queue Service Time (gs), s 4.0 5.1 0.0 0.0 42.8 45.1 0.0 0.0 6.7 0.0 12.9

Cycle Queue Clearance Time (gc), s 4.0 5.1 0.0 0.0 42.8 45.1 0.0 0.0 6.7 0.0 12.9

Green Ratio (g/C) 0.67 0.72 0.59 0.59 0.59 0.15 0.15 0.15 0.21

Capacity (c), veh/h 209 2443 69 1009 960 69 316 260 308

Volume-to-Capacity Ratio (X) 0.830 0.161 0.000 0.000 0.843 0.866 0.000 0.000 0.372 0.000 0.650

Available Capacity (ca), veh/h 323 2443 69 1009 960 157 405 353 387

Back of Queue (Q), veh/ln (95th percentile) 5.3 2.8 0.0 23.7 24.2 0.0 5.0 0.0 8.4

Queue Storage Ratio (RQ) (95th percentile) 0.40 0.04 0.00 0.00 0.62 0.63 0.00 0.00 0.85 0.00 1.42

Uniform Delay (d1), s/veh 25.0 6.5 0.0 17.3 17.8 0.0 41.1 0.0 38.2

Incremental Delay (d2), s/veh 5.6 0.1 0.0 0.0 8.6 10.3 0.0 0.0 0.7 0.0 2.6

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 30.6 6.6 0.0 25.9 28.1 0.0 41.8 0.0 40.8

Level of Service (LOS) C A C C D D

Approach Delay, s/veh / LOS 13.9 B 27.0 C 0.0 41.2 D

Intersection Delay, s/veh / LOS 25.9 C

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.2 B 2.4 B 2.9 C 2.9 C

Bicycle LOS Score / LOS 1.0 A 1.9 A 0.5 A 1.0 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period PM Peak PHF 0.93

Intersection Benson Rd & Cliff Ave Analysis Year 2035 Analysis Period 1> 4:30

File Name 2035_Build_Benson_Rd_Benson4_PM_Potsdam_RIRO.xus

Project Description

Demand Information EB WB NB SB

Approach Movement L T R L T R L T R L T R

Demand (v), veh/h 130 900 150 190 640 100 120 450 250 330 370 110

Signal Information

Green

Yellow

Red

6.6 3.8 40.8 5.0 4.5 21.3

3.0 0.0 3.5 3.0 3.0 3.5

1.0 0.0 2.0 1.0 1.0 2.0

Cycle, s 105.0 Reference Phase 2

Offset, s 0 Reference Point Begin

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

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 1.1 3.0 2.0 3.0

Phase Duration, s 10.6 46.3 14.4 50.0 9.0 26.8 17.5 35.4

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 0.0 4.1 0.0 4.1 4.1 4.1 4.1

Queue Clearance Time (gs), s 7.5 10.3 7.0 18.3 13.3 12.2

Green Extension Time (ge), s 0.0 0.0 0.1 0.0 0.0 3.1 0.3 5.4

Phase Call Probability 0.98 1.00 0.98 1.00 1.00 1.00

Max Out Probability 1.00 1.00 1.00 0.66 1.00 0.06

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 140 579 550 213 717 112 129 484 269 355 398 118

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1613 1617 1617 1439 1664 1664 1481 1616 1664 1481

Queue Service Time (gs), s 5.5 33.2 33.3 8.3 14.0 2.1 5.0 14.2 16.3 11.3 10.2 6.0

Cycle Queue Clearance Time (gc), s 5.5 33.2 33.3 8.3 14.0 2.1 5.0 14.2 16.3 11.3 10.2 6.0

Green Ratio (g/C) 0.45 0.39 0.39 0.50 0.42 0.55 0.25 0.20 0.30 0.13 0.28 0.35

Capacity (c), veh/h 343 659 626 262 1372 796 295 676 447 417 947 514

Volume-to-Capacity Ratio (X) 0.407 0.878 0.879 0.811 0.523 0.141 0.438 0.716 0.602 0.851 0.420 0.230

Available Capacity (ca), veh/h 344 659 626 282 1372 796 295 791 498 462 1062 565

Back of Queue (Q), veh/ln (95th percentile) 3.6 22.0 21.3 5.7 7.2 1.1 5.1 9.9 9.7 8.9 7.2 3.7

Queue Storage Ratio (RQ) (95th percentile) 0.47 0.58 0.56 0.99 0.07 0.07 0.44 0.25 1.00 0.61 0.18 0.31

Uniform Delay (d1), s/veh 18.2 29.8 29.8 20.3 15.5 5.6 33.0 39.0 31.3 44.7 30.5 24.3

Incremental Delay (d2), s/veh 0.8 15.3 16.1 11.3 1.0 0.3 1.0 2.6 1.7 13.1 0.3 0.2

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 19.0 45.1 45.9 31.6 16.6 5.8 34.0 41.6 33.0 57.9 30.8 24.5

Level of Service (LOS) B D D C B A C D C E C C

Approach Delay, s/veh / LOS 42.6 D 18.5 B 37.8 D 41.0 D

Intersection Delay, s/veh / LOS 35.0 D

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.9 C 3.1 C 3.0 C 2.8 C

Bicycle LOS Score / LOS 1.5 A 1.3 A 1.2 A 1.2 A
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period PM Peak PHF 0.93

Intersection Benson Rd & Lewis Ave Analysis Year 2035 Analysis Period 1> 4:30

File Name 2035_Build_Benson_Rd_Benson4_PM_Potsdam_RIRO.xus

Project Description

Demand Information EB WB NB SB

Approach Movement L T R L T R L T R L T R

Demand (v), veh/h 110 1370 30 140 770 100 90 50 130 720 50 110

Signal Information

Green

Yellow

Red

7.4 25.9 5.1 7.7 13.1 14.8

3.9 3.9 3.9 3.6 3.6 3.6

1.0 2.2 1.0 1.0 1.0 2.3

Cycle, s 105.0 Reference Phase 2

Offset, s 98 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 1 6 3 8 7 4

Case Number 1.3 4.0 1.2 3.0 2.0 4.0 2.0 3.0

Phase Duration, s 10.0 42.0 12.3 44.3 12.3 20.7 30.0 38.4

Change Period, (Y+Rc), s 6.1 6.1 4.9 6.1 4.6 5.9 4.6 5.9

Max Allow Headway (MAH), s 4.1 0.0 4.1 0.0 4.1 4.3 4.2 4.3

Queue Clearance Time (gs), s 2.0 9.0 7.9 14.8 26.8 7.9

Green Extension Time (ge), s 1.4 0.0 0.0 0.0 0.2 0.1 0.0 1.4

Phase Call Probability 0.97 0.99 0.94 1.00 1.00 1.00

Max Out Probability 1.00 1.00 0.00 1.00 1.00 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 116 987 488 150 827 107 97 194 774 54 118

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1679 1617 1617 1439 1681 1562 1632 1765 1496

Queue Service Time (gs), s 0.0 27.1 27.0 7.0 26.6 4.8 5.9 12.8 24.8 2.3 5.9

Cycle Queue Clearance Time (gc), s 0.0 27.1 27.0 7.0 26.6 4.8 5.9 12.8 24.8 2.3 5.9

Green Ratio (g/C) 0.26 0.34 0.34 0.34 0.36 0.61 0.07 0.14 0.24 0.31 0.35

Capacity (c), veh/h 181 1161 574 182 1177 872 123 220 790 546 518

Volume-to-Capacity Ratio (X) 0.641 0.850 0.850 0.824 0.702 0.123 0.784 0.878 0.981 0.098 0.228

Available Capacity (ca), veh/h 183 1161 574 182 1177 872 407 225 790 551 522

Back of Queue (Q), veh/ln (95th percentile) 5.0 13.2 13.6 7.0 17.6 2.1 5.1 10.9 18.6 1.7 3.0

Queue Storage Ratio (RQ) (95th percentile) 0.66 0.13 0.13 0.53 0.21 0.03 2.57 0.28 1.18 0.04 0.08

Uniform Delay (d1), s/veh 47.5 25.9 25.7 31.2 45.1 7.6 47.8 44.2 39.6 25.8 2.8

Incremental Delay (d2), s/veh 3.4 3.8 7.3 22.4 3.0 0.2 10.3 29.9 27.2 0.1 0.2

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

Control Delay (d), s/veh 50.8 29.7 33.1 53.6 48.1 7.8 58.2 74.1 66.7 25.9 3.0

Level of Service (LOS) D C C D D A E E E C A

Approach Delay, s/veh / LOS 32.3 C 44.9 D 68.8 E 56.4 E

Intersection Delay, s/veh / LOS 44.3 D

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.3 B 2.6 B 3.3 C 3.0 C

Bicycle LOS Score / LOS 1.4 A 1.4 A 1.0 A 2.0 B
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period PM Peak PHF 0.93

Intersection Benson Rd & I-229 SB RampsAnalysis Year 2035 Analysis Period 1> 4:30

File Name 2035_Build_Benson_Rd_Benson4_PM_Potsdam_RIRO.xus

Project Description

Demand Information EB WB NB SB

Approach Movement L T R L T R L T R L T R

Demand (v), veh/h 1 1180 1160 1 1060 170 0 40 0 70

Signal Information

Green

Yellow

Red

51.0 0.0 40.0 1.0 0.0 0.0

5.0 0.0 5.0 0.0 0.0 0.0

2.0 0.0 1.0 0.0 0.0 0.0

Cycle, s 105.0 Reference Phase 2

Offset, s 68 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 1 6 8 4

Case Number 2.0 3.0 2.0 4.0 5.0 5.0

Phase Duration, s 58.0 58.0 46.0 46.0 1.0 1.0

Change Period, (Y+Rc), s 7.0 0.0 6.0 6.0 0.0 0.0

Max Allow Headway (MAH), s 3.1 0.0 3.1 0.0 3.3 3.3

Queue Clearance Time (gs), s 2.0 2.0 3.0 3.0

Green Extension Time (ge), s 0.0 0.0 3.5 0.0 0.0 0.0

Phase Call Probability 1.00 1.00 0.97 0.97

Max Out Probability 0.00 0.00 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 18 7 14

Adjusted Flow Rate (v), veh/h 1 1321 229 1 1012 308 0 43 0 75

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1683 1439 1617 1698 1534 1269 1439 1307 1439

Queue Service Time (gs), s 0.0 26.8 7.9 0.0 14.5 14.7 0.0 0.5 0.0 0.5

Cycle Queue Clearance Time (gc), s 0.0 26.8 7.9 0.0 14.5 14.7 0.0 0.5 0.0 0.5

Green Ratio (g/C) 0.49 0.55 0.55 0.38 0.38 0.38 0.01 0.39 0.01 0.49

Capacity (c), veh/h 786 1859 795 616 1941 585 69 548 69 699

Volume-to-Capacity Ratio (X) 0.001 0.711 0.289 0.002 0.522 0.527 0.000 0.078 0.000 0.108

Available Capacity (ca), veh/h 786 1859 795 616 1941 585 69 548 69 699

Back of Queue (Q), veh/ln (95th percentile) 0.0 10.6 3.7 0.0 8.7 8.5 0.0 1.2 0.0 1.7

Queue Storage Ratio (RQ) (95th percentile) 0.01 0.13 0.05 0.01 0.25 0.25 0.00 0.04 0.00 0.06

Uniform Delay (d1), s/veh 12.7 12.9 10.7 17.0 20.8 20.9 0.0 20.7 0.0 14.7

Incremental Delay (d2), s/veh 0.0 0.8 0.3 0.0 0.9 2.9 0.0 0.0 0.0 0.0

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

Control Delay (d), s/veh 12.7 13.7 11.0 17.0 21.7 23.8 0.0 20.8 0.0 14.7

Level of Service (LOS) B B B B C C C B

Approach Delay, s/veh / LOS 13.3 B 22.2 C 20.8 C 14.7 B

Intersection Delay, s/veh / LOS 17.4 B

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.3 B 2.3 B 3.1 C 4.8 E

Bicycle LOS Score / LOS 1.8 A 1.0 A F F
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period PM Peak PHF 0.93

Intersection Benson Rd & I-229 NB RampsAnalysis Year 2035 Analysis Period 1> 4:30

File Name 2035_Build_Benson_Rd_Benson4_PM_Potsdam_RIRO.xus

Project Description

Demand Information EB WB NB SB

Approach Movement L T R L T R L T R L T R

Demand (v), veh/h 1 1050 170 1 870 50 0 350 0 360

Signal Information

Green

Yellow

Red

47.0 0.0 46.0 1.0 0.0 0.0

4.0 0.0 4.0 0.0 0.0 0.0

2.0 0.0 1.0 0.0 0.0 0.0

Cycle, s 105.0 Reference Phase 2

Offset, s 79 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 1 6 8 4

Case Number 2.0 4.0 2.0 4.0 5.0 5.0

Phase Duration, s 53.0 53.0 51.0 51.0 1.0 1.0

Change Period, (Y+Rc), s 6.0 0.0 5.0 5.0 0.0 0.0

Max Allow Headway (MAH), s 3.1 0.0 3.1 0.0 3.3 3.3

Queue Clearance Time (gs), s 2.0 2.0 3.0 3.0

Green Extension Time (ge), s 0.0 0.0 2.3 0.0 0.0 0.0

Phase Call Probability 1.00 1.00 1.00 1.00

Max Out Probability 0.00 0.00 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 18 7 14

Adjusted Flow Rate (v), veh/h 1 658 629 1 665 324 0 376 0 387

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1615 1617 1698 1649 1617 1439 1617 1274

Queue Service Time (gs), s 0.0 11.1 11.3 0.0 9.8 9.6 0.0 0.5 0.0 0.5

Cycle Queue Clearance Time (gc), s 0.0 11.1 11.3 0.0 9.8 9.6 0.0 0.5 0.0 0.5

Green Ratio (g/C) 0.45 0.50 0.50 0.44 0.44 0.44 0.01 0.44 0.01 0.45

Capacity (c), veh/h 724 857 815 709 1488 722 69 630 69 1710

Volume-to-Capacity Ratio (X) 0.001 0.767 0.771 0.002 0.447 0.448 0.000 0.597 0.000 0.226

Available Capacity (ca), veh/h 724 857 815 709 1488 722 69 630 69 1710

Back of Queue (Q), veh/ln (95th percentile) 0.0 4.3 4.3 0.0 5.6 5.6 0.0 11.1 0.0 3.3

Queue Storage Ratio (RQ) (95th percentile) 0.00 0.13 0.12 0.01 0.05 0.05 0.00 0.49 0.00 0.16

Uniform Delay (d1), s/veh 4.2 2.5 2.6 8.8 11.6 11.2 0.0 22.4 0.0 17.8

Incremental Delay (d2), s/veh 0.0 4.7 5.1 0.0 0.8 1.7 0.0 1.1 0.0 0.0

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

Control Delay (d), s/veh 4.2 7.3 7.6 8.8 12.4 12.9 0.0 23.5 0.0 17.8

Level of Service (LOS) A A A A B B C B

Approach Delay, s/veh / LOS 7.4 A 12.6 B 23.5 C 17.8 B

Intersection Delay, s/veh / LOS 12.4 B

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.3 B 2.6 B 3.0 C 3.2 C

Bicycle LOS Score / LOS 1.6 A 1.0 A F F
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HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period PM Peak PHF 0.93

Intersection Benson Rd & Hall Ave Analysis Year 2035 Analysis Period 1> 4:30

File Name 2035_Build_Benson_Rd_Benson4_PM_Potsdam_RIRO.xus

Project Description

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

Green

Yellow

Red

55.1 3.9 25.0 0.0 0.0 0.0

5.0 5.0 5.0 0.0 0.0 0.0

2.0 2.0 2.0 0.0 0.0 0.0

Cycle, s 105.0 Reference Phase 2

Offset, s 10 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 6 8 4

Case Number 1.0 4.0 6.3 6.0 6.0

Phase Duration, s 10.9 73.0 62.1 32.0 32.0

Change Period, (Y+Rc), s 7.0 7.0 7.0 7.0 7.0

Max Allow Headway (MAH), s 3.1 0.0 0.0 4.2 4.2

Queue Clearance Time (gs), s 2.0 25.2 21.9

Green Extension Time (ge), s 1.3 0.0 0.0 0.0 0.8

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 53 723 708 65 423 416 32 86 140 323

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 1654 358 1698 1667 1053 1555 1306 1619

Queue Service Time (gs), s 0.0 19.8 20.1 16.1 16.5 16.6 3.2 4.7 10.2 19.9

Cycle Queue Clearance Time (gc), s 0.0 19.8 20.1 35.6 16.5 16.6 23.2 4.7 14.9 19.9

Green Ratio (g/C) 0.54 0.63 0.63 0.52 0.52 0.52 0.24 0.24 0.24 0.24

Capacity (c), veh/h 348 1068 1040 188 891 875 118 370 320 385

Volume-to-Capacity Ratio (X) 0.152 0.677 0.681 0.343 0.475 0.475 0.273 0.233 0.437 0.838

Available Capacity (ca), veh/h 364 1068 1040 188 891 875 119 370 320 385

Back of Queue (Q), veh/ln (95th percentile) 1.5 7.3 7.2 2.7 10.1 10.0 1.5 3.2 5.8 14.2

Queue Storage Ratio (RQ) (95th percentile) 0.12 0.07 0.07 0.26 0.13 0.13 0.26 0.08 0.99 0.36

Uniform Delay (d1), s/veh 20.9 6.0 6.1 29.8 15.7 15.9 49.2 32.3 38.3 38.1

Incremental Delay (d2), s/veh 0.0 2.1 2.2 4.2 1.5 1.6 1.2 0.3 0.9 14.9

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

Control Delay (d), s/veh 20.9 8.2 8.3 34.0 17.2 17.5 50.4 32.6 39.3 53.0

Level of Service (LOS) C A A C B B D C D D

Approach Delay, s/veh / LOS 8.7 A 18.5 B 37.5 D 48.8 D

Intersection Delay, s/veh / LOS 19.1 B

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.2 B 2.3 B 2.8 C 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 Generated: 8/5/2016 9:26:41 AM



HCS 2010 Signalized Intersection Results Summary

General Information Intersection Information

Agency HDR Duration, h 0.25

Analyst GHM Analysis Date Jul 10, 2015 Area Type Other

Jurisdiction Sioux Falls, SD Time Period PM Peak PHF 0.93

Intersection Benson Rd & Sycamore AveAnalysis Year 2035 Analysis Period 1> 4:30

File Name 2035_Build_Benson_Rd_Benson4_PM_Potsdam_RIRO.xus

Project Description

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 1270 0 0 690 100 0 0 0 350 0 150

Signal Information

Green

Yellow

Red

7.8 51.2 25.0 0.0 0.0 0.0

5.0 5.0 5.0 0.0 0.0 0.0

2.0 2.0 2.0 0.0 0.0 0.0

Cycle, s 105.0 Reference Phase 2

Offset, s 52 Reference Point End

Uncoordinated No Simult. Gap E/W On

Force Mode Fixed Simult. Gap N/S On

Timer Results EBL EBT WBL WBT NBL NBT SBL SBT

Assigned Phase 5 2 6 8 4

Case Number 1.0 4.0 6.3 6.0 5.0

Phase Duration, s 14.8 73.0 58.2 32.0 32.0

Change Period, (Y+Rc), s 7.0 7.0 7.0 7.0 7.0

Max Allow Headway (MAH), s 3.1 0.0 0.0 0.0 4.1

Queue Clearance Time (gs), s 7.9 25.1

Green Extension Time (ge), s 0.0 0.0 0.0 0.0 0.0

Phase Call Probability 0.99 1.00

Max Out Probability 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 181 1349 0 0 434 415 0 0 376 0 161

Adjusted Saturation Flow Rate (s), veh/h/ln 1617 1698 0 388 1698 1622 1681 0 1681 1765 1496

Queue Service Time (gs), s 5.9 21.4 0.0 0.0 18.5 18.5 0.0 0.0 23.1 0.0 9.7

Cycle Queue Clearance Time (gc), s 5.9 21.4 0.0 0.0 18.5 18.5 0.0 0.0 23.1 0.0 9.7

Green Ratio (g/C) 0.58 0.63 0.49 0.49 0.49 0.24 0.24 0.24 0.24

Capacity (c), veh/h 383 2135 69 827 791 69 469 420 356

Volume-to-Capacity Ratio (X) 0.472 0.632 0.000 0.000 0.525 0.525 0.000 0.000 0.803 0.000 0.453

Available Capacity (ca), veh/h 385 2135 69 827 791 69 469 420 356

Back of Queue (Q), veh/ln (95th percentile) 2.9 9.1 0.0 11.7 11.4 0.0 15.7 0.0 6.3

Queue Storage Ratio (RQ) (95th percentile) 0.22 0.12 0.00 0.00 0.31 0.30 0.00 0.00 2.66 0.00 1.07

Uniform Delay (d1), s/veh 11.9 8.5 0.0 18.5 18.5 0.0 39.3 0.0 34.2

Incremental Delay (d2), s/veh 0.2 1.0 0.0 0.0 2.4 2.5 0.0 0.0 9.7 0.0 0.9

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 12.2 9.5 0.0 20.9 21.0 0.0 49.0 0.0 35.1

Level of Service (LOS) B A C C D D

Approach Delay, s/veh / LOS 9.8 A 21.0 C 0.0 44.8 D

Intersection Delay, s/veh / LOS 19.5 B

Multimodal Results EB WB NB SB

Pedestrian LOS Score / LOS 2.2 B 2.4 B 2.8 C 2.8 C

Bicycle LOS Score / LOS 1.8 A 1.2 A 0.5 A 1.4 A

Copyright © 2016 University of Florida, All Rights Reserved. HCS 2010™ Streets Version 6.50 Generated: 8/5/2016 9:26:41 AM
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Appendix D2. Preliminary Concepts Tech Memo 

Preliminary Concepts – Benson Road Corridor and Interchanges 
The Benson Road Corridor portion of the Preliminary Concept Matrix was developed following 

the December 2014 Concept Workshop to document Study Advisory Team (SAT) decisions and 

serves as a road map for the development of concepts identified during the workshop.  A 

comments column has been added to allow notes regarding evolution of the concepts from the 

workshop to be explained.  The Preliminary Concept Matrix is shown in TABLE 1. 

The concepts depicted in APPENDIX D1- PRELIMINARY CONCEPT FIGURES following this 

memorandum have had one or the other of the following actions determined by the SAT, as 

documented in the Concept Matrix:  

• Develop comparative data for preliminary concept screening 

• Eliminate from further development due to anticipated impacts, but will be shown at the 

second public meeting to note that the concept was identified and received initial 

consideration.  

Preliminary Concepts Comparative Data 
The I-229 Major Investment Study scope identified the following four types of data to be 

developed for each preliminary concept identified for further consideration:     

• Property Impacts 

• Traffic Operations 

• Environmental Review 

• Construction and Property Impact Costs 

This comparative data will be used in combination with public input to screen the concepts and 

identify “Build Scenarios” for further refinement.  The remainder of this technical memorandum 

will describe the approach applied to preparing the comparative data and will document the 

comparative data for each concept. 
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Table 1.  Preliminary Concept Matrix 

 
 

 

I-229 Major Investment Study - Preliminary Concept Matrix
Type Concept Workshop Decision

SPUI = Single Point Develop = Develop for public meeting

TD = Tight Diamond Show = Show public / No further development

DDI = Diverging Diamond Eliminate = Do not show public / No further development

Par = Parclo

TSD = Tight Split Diamond

CFI = Continuous Flow Intersection

Type / Details Description

Traffic 

Assessment

ROW/Environ/

Cost

Benson Road Interchange

Benson-1
NE Quadrant Loop Develop X X -NB off-ramp alignment adjusted and EB RTL added per 12/18/14 mtg

-NB on ramp auxiliary lane changed to merge ramp per 3/19/15 mtg

Benson-2
NE and NW Quadrant Loops Develop X X -NB off-ramp alignment adjusted and EB RTL added per 12/18/14 mtg

-NB on ramp auxiliary lane changed to merge ramp per 3/19/15 mtg

Benson-3 NB to WB Flyover Develop X X -EB RTL added per 12/18/14 mtg

Benson-4 Diverging Diamond Develop X X -WB Benson Road changed from 2 lanes to 3 lanes per 12/28/14 mtg

Benson Road Corridor

Benson-C1
4-Lane Divided with 3rd WB lane Lewis to NB I229 

terminal

Develop X (1) X -EB Benson Rd RTL at I-229 SB ramp added per 12/18/15 mtg

Footnotes

(1)  Analyzed in conjunction with interchange improvements

Concept ID Workshop 

Decision

Development Items Comments
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Property Impacts 
An approximate footprint for each preliminary concept was developed by setting impact limits 

based on the following criteria: 

• 15 feet behind the back of curb 

• 25-foot offset from ramp pavement (from back of curb or edge of shoulder) 

• 100 feet from edge of I-229 shoulder pavement 

• 5 feet behind retaining walls 

The criteria that resulted in the greatest offset from a given roadway set the impact limit for that 

roadway. 

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 (i.e. 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 

times $5 per square foot plus the assessed value of structures impacted (from the Minnehaha 

County Assessor’s website) times 1.5 (to estimate the fair market value of impacts). 

The estimated property impact areas (in acres) and costs are included in the tabulation of 

estimated construction costs later in this memorandum. 

 

Traffic Operations Assessment 
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. 

 

A concept DTA model run was performed for each “unique” concept, in other words, for 

concepts that appear to the model to be virtually identical, no independent run was made. 

 

The following Measures of Effectiveness (MOEs) were extracted from the model runs: 

• Total queues in the interchange area 

• Delay in the interchange area 

• Delay in the subarea 

• Travel times for select Origin-Destination (O-D) pairs 

• Travel time on I-229 (used in lieu of Queue-to-ramp-length ratio) 

The MOE’s from each concept run were compared to the No-Build MOE’s and a percent change 

calculated between each concept and No-Build.   
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MOE’s that compare concepts within an “interchange area” are based on a selection of model 

links within a consistent boundary.  Illustrations of the interchange area are shown in APPENDIX 

D3- DTA MODEL INTERCHANGE AND MODEL SUBAREAS. 

Concepts that were not explicitly modeled were classified based on the DTA model output of 

similar concepts.  

Next, the MOE’s were grouped into the following categories: 

• Queues 

• Delay 

• Travel Time 

Both AM and PM comparison percentages and a composite qualitative rating are shown for 

each of the concepts in TABLE 2. Composite ratings are based on consideration of both AM and 

PM comparison percentages. The subjective classifications are: 

• Very Good 

• Good 

• Neutral 

• Poor 

Context of DTA Traffic Assessment Results 

The MOE’s from the DTA model output are indicators of how effective a particular concept may 

be at improving traffic conditions, but may need further explanation of  what may appear to be a 

worsening of traffic conditions compared to the No-Build.  

• In some of the modeled interchange concepts, the impact of increased demand levels 

between Build and No-Build concepts yielded worse traffic operations for the Build than 

the No-Build in the interchange area. In the DTA model, an improved interchange may 

provide needed capacity which triggers vehicles to shift from a congested parallel 

corridor to a route through the improved interchange. 

In this example, the No-Build provides no additional capacity at the interchange, and 

vehicles will avoid it, whereas in the Build model, traffic is now shifted to the interchange. 

Though the Build condition may provide a level of congestion relief compared to the No-

Build model (in terms of control delay in seconds per vehicle) that congestion relief may 

not be reflected in the traffic-volume related MOEs provided by the DTA model (such as 

overall vehicle minutes of delay). 

Upcoming phases of this study will further examine the Build concepts to verify that each 

Build concept advanced to the alternatives analysis stage provides adequate LOS using 

Highway Capacity Manual 2010 procedures, which are more suited to assessing the 

level of congestion in the interchange area.  

• In some of the modeled corridor concepts, because model runs were conducted for each 

concept in isolation, some capacity constraints did result in comparisons to No-Build 

traffic conditions that appear worse than would be the case if the concept were 

implemented in logical combination with associated improvements. These instances will 

be noted in the results. 
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• The DTA model structure first includes the generation of traffic demand by the Sioux 

Falls regional (macro) travel demand model, and assigns traffic through the subarea 

using a dynamic procedure.  The DTA model subarea is shown in APPENDIX D3- DTA 

MODEL INTERCHANGE AND MODEL SUBAREAS.  The level of traffic demand from the 

macro model does not consider intersection-level sensitivity to congestion. 

By contrast, the DTA model does consider intersection-level congestion. If the DTA 

model sees capacity constraints, then that traffic accumulates extreme levels of delay 

and cannot get to the downstream links (vehicles are stuck in the network at the end of 

simulation period). 

The DTA model is also extremely sensitive to peaking characteristics, whereas the 

regional macro model is blind to peaking within the 2-hour peak period. Therefore, the 

macro model results are representative of average conditions within the 2-hour period, 

but the DTA model results capture impacts of the worst part of the peak that influences 

the rest of the 2-hour period. 

In certain Build scenarios the macro model may have generated more traffic volume due 

to the proposed improvement with a preferred route through the interchange 

improvements.  This additional volume is more than the DTA model can serve through 

the intersections along that route due to the combination of intersection-level congestion 

and peaking. The DTA model attempts to optimize vehicle routing to minimize individual 

vehicle delay, but the optimal routing may still lead to more network-wide delay than the 

No-Build model because of the different distributions of traffic demand between the two 

scenarios. 

For the reasons outlined above, less than favorable results in the traffic assessment 

comparative data in TABLE 2 should not be treated as fatal flaws.   

The following additional notes are referenced from the MOE’s shown in TABLE 2: 

1. MOE’s show degraded performance compared to No-Build; see first explanation item 

above.  

2. Corridor improvement effectiveness limited by lack of available upstream capacity; see 

second explanation item above. 

3. MOE’s show degraded performance compared to No-Build, see third explanation item 

above. 
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Table 2.  Preliminary Concept 2035 Conditions DTA Traffic Assessment Comparative 

Data  

Queues

Interchange Area Total Queue Length Subjective

Concept ID Description AM PM Classification

Benson-1 NE Quadrant Loop -40% -57% Very Good

Benson-2 NE & NW Quadrant Loops -23% -75% Very Good

Benson-3 NB to WB Flyover -75% -24% Very Good

Benson-4 Diverging Diamond -25% -97% Very Good

Delay

Interchange Area Delay (veh-min) Subjective

Concept ID Description AM PM Classification

Benson-1 NE Quadrant Loop -35% -58% Very Good

Benson-2 NE & NW Quadrant Loops 6% -38% Good

Benson-3 NB to WB Flyover -73% -31% Very Good

Benson-4 Diverging Diamond -27% -95% Very Good

Overall Subarea Delay (min) Subjective

Concept ID Description AM PM Classification

Benson-1 NE Quadrant Loop -9% -9% Good

Benson-2 NE & NW Quadrant Loops 3% -11% Neutral

Benson-3 NB to WB Flyover 5% -4% Neutral

Benson-4 Diverging Diamond -8% -8% Good

Travel Time

Travel Time- Interstate Through Trips Travel Time Subjective

Concept ID Description AM PM Classification

Benson-1 NE Quadrant Loop -1% -2% Neutral

Benson-2 NE & NW Quadrant Loops -1% -2% Neutral

Benson-3 NB to WB Flyover 13% -2% Poor

Benson-4 Diverging Diamond -1% -3% Neutral

Travel Time- Benson Road Corridor Travel Time Subjective

Concept ID Description AM PM Classification

Benson-1 NE Quadrant Loop -9% -27% Good

Benson-2 NE & NW Quadrant Loops 72% 85% Poor

Benson-3 NB to WB Flyover 33% -7% Poor

Benson-4 Diverging Diamond 4% -36% Good

Travel Time- Benson Employer to/from 26th/Yaeger Travel Time Subjective

Concept ID Description AM PM Classification

Benson-1 NE Quadrant Loop -29% -67% Very Good

Benson-2 NE & NW Quadrant Loops -26% -54% Very Good

Benson-3 NB to WB Flyover -36% -39% Very Good

Benson-4 Diverging Diamond -8% -40% Good

Queues

Delay, veh-min

Delay, min

1

1

1 1

1
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Environmental Review  
To analyze potential resources within the Study Area, a desktop review of available data was 

analyzed against the project concepts, in addition to review of aerial imagery of the I-229 

corridor.  Items that could require further analysis at the time of future project initiation were 

identified for issues which separate project concepts. Later phases in potential project corridor 

planning will require environmental documentation if federal funds are used, and would require 

analysis of additional resources such as environmental justice, noise, etc. 

Archaeological and Historical Resources 
 

APPROACH 

A record search was completed by the SD Archaeological Research Center.  The area 
which encompasses a particular preliminary roadway concept was reviewed for potential 
historic and cultural resources. Historic and cultural resources are regulated under 
Section 106 of the National Historic Preservation Act, and may require consultation with 
the South Dakota Department of Transportation (SDDOT) and the South Dakota State 
Historic Preservation Office (SHPO). 

The record search identified record sites and cultural surveys that were completed within 
the study area. Known sites that were listed as eligible for the National Register of 
Historic Places (NRHP) include three bridges and two railroad beds. Additionally, one 
unevaluated Native American stone circle is located within the study area. Shapefiles of 
these sites were imported into ArcGIS and compared against preliminary concepts to 
determine the potential for impacts to cultural resources. The known sites are not 
located within the area potentially affected by Sub-Study 4. 

LIMITATIONS 

Early in project planning, the City of Sioux Falls (City) should work with SDDOT to 
coordinate its intent to proceed with a particular roadway improvement project, and 
request that the SDDOT advise the City on the applicability of Section 106, the need to 
identify consulting parties, and for a Class I cultural resource literature search.  When 
appropriate, the City should anticipate that a Class III identification effort will be 
conducted, including identification of archaeological, architectural, and traditional cultural 
properties subject to the effects of the project.  When historic properties are identified, 
the City should anticipate that avoidance or mitigation of adverse effects to such 
properties may be required.   

Wetlands and Waters of the U.S. 

APPROACH 

The National Wetlands Inventory (NWI) and aerial imagery were reviewed within the 
study area to determine potential project impacts. The Big Sioux River and its tributaries 
are located within the study area and cross the I-229 corridor three times. There are also 
several wetlands located adjacent to the I-229 corridor. Because the NWI provides an 
estimate of wetlands based on soil type and aerial photography, these boundaries are 
utilized as guidance for identifying wetland areas and delineation would be required for 
each project.  
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LIMITATIONS 

Wetlands and other waters of the US will need to be considered for each project as the 
State and City want to move the project from planning stages to construction.  Early in 
project planning, an onsite wetland delineation of the study area is recommended to 
confirm the boundaries of wetlands and other waters of the U.S. within the study area 
and to coordinate with USACE to determine jurisdiction.   

Threatened and Endangered Species 

APPROACH 

Fish and wildlife species listed under the Federal Endangered Species Act (ESA) would 
need to be considered for each project. The list of species identified for Minnehaha was 
identified from US Fish and Wildlife Service (USFWS) information. Four threatened, 
endangered, or proposed species exist in Minnehaha County. These include the rufa red 
knot (threatened); Topeka shiner (endangered); western prairie fringed orchid 
(threatened); and northern long-eared bat (proposed endangered). 

To identify the potential for threatened and endangered species to be present in an area, 
aerial imagery was used to identify potential habitat located within the project corridor. 
The study area is highly developed with commercial, industrial, and residential activities. 
Undeveloped areas are generally limited to areas associated with the Big Sioux River. 
Additionally, there is some cropland in the northern portion of the corridor. Habitat for the 
western prairie fringed orchid is not believed to occur within most of the study area due 
to lack of native habitat. Habitat for the Topeka shiner is found within the Big Sioux River 
and its tributaries, and the I-229 corridor crosses the river in multiple places. Typically 
within the City, the USFWS has noted for previous projects that the Topeka shiner is not 
anticipated to occur within these stretches of the Big Sioux River.  Habitat for the rufa 
red knot is limited to sandy or gravel shorelines associated with the Big Sioux River. 
Potential habitat associated with the northern long-eared bat in the Study Area includes 
riparian areas and bridges along the Big Sioux River. 

LIMITATIONS 

Consultation with USFWS would be required to determine which ESA-listed species 
have the potential to occur within each Study Area. Coordination with SD Game, Fish, 
and Parks would be recommended regarding impacts to state-listed sensitive species. 

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

APPROACH 

The Department of Transportation Act (DOT Act) of 1966 included a special provision – 
Section 4(f) – which is intended to protect publicly owned parks, recreational areas, 
wildlife and waterfowl refuges, or public and private historical sites. Similarly, Section 6(f) 
protects state and locally sponsored projects that were funded as part of the Land and 
Water Conservation Fund (LWCF).  

The LWCF website was reviewed to identify the use of Section 6(f) grants in the Study 
Area. Publicly owned parks and recreation areas are present within the Study Area.  
Public spaces within the City of Sioux Falls that have received LWCF grant money are 
subject to Section 6(f) regulations.  The Big Sioux Trail, a recreational trail, also received 
LWCF grant money for portions of the trail. Additionally, if the projects proposed in these 
alternatives receive Federal Highway Administration (FHWA) funds, the projects will be 
subject to Section 4(f) consultation.   
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LIMITATIONS 

There have been several grants received at a variety of the City parks. Areas within the 
Project corridor that could impact City parks or recreational trails would need to be 
further reviewed to determine potential for a Section 6(f) impact. Due to the use of LWCF 
grants, it is recommended that consultation occur early with each project to determine 
the location of improvements to determine whether the park area impacted will be 
subject to Section 6(f) regulations. 

Floodplain 

APPROACH 

The City has been a participating member of the Federal Emergency Management 
Agency (FEMA) Flood Insurance Program since 1979.  The current Minnehaha County 
Flood Insurance Study (FIS) that includes the City and incorporated areas is dated 
September 2, 2009. The project area contains FEMA-designated zones for the Big Sioux 
River.  

LIMITATIONS 

If any projects would involve areas associated with the Big Sioux River, a floodplain 
permit may be required if the floodplain would be encroached upon.  A Floodplain 
Development Application would be completed for the project and the City would obtain a 
Floodplain Development Permit.   

Regulated Materials 

APPROACH 

The SD Department of National Resources (SDDENR) Environmental Events Database 
website was reviewed for the Project Area to identify any areas that could be of concern 
for project concepts. 

LIMITATIONS 

Information for hazardous material should be reviewed at the time of a proposed project 
to identify any potential new hazards that may have occurred from the time of the study 
to a project. 

The environmental review findings for the I-229 corridor and interchange concepts are 

summarized in TABLE 3. 

Environmental constraints for the I-229 corridor are shown in APPENDIX D4- ENVIRONMENTAL 

CONSTRAINTS MAPS. 

Note, a noise assessment will be included at a later stage of the study. 
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Table 3.  Preliminary Concepts Environmental Review  

Wetlands T&E
4(f) and 6(f) 

Properties
Cultural Other

Anticipated 

Impact Level
Comments

Benson-1

NE Quadrant Loop Impact to drainageway. Potential impacts to northern long-

eared bat if trees are removed during 

summer maternity season.

Medium/ potential 

4(f)

Less  impacts than Benson-2, as work 

would only be on east side of 

interchange.

Benson-2

NE and NW Quadrant Loops Impact to drainageway Potential impacts to northern long-

eared bat if trees are removed during 

summer maternity season.

Medium/ potential 

4(f)

More environmental impacts than 

Benson-1, as work would be done on 

west and east sides of interchange.

Benson-3

NB to WB Flyover Appears to avoid 

drainageway

Potential impacts to northern long-

eared bat if trees are removed during 

summer maternity season.

Medium/ potential 

4(f)

May require conservation measures for 

the northern long-eared bat.

Benson-4

Diverging Diamond No anticipated wetland 

impacts 

None All on previously disturbed 

ground within ROW
Low

Least anticipated impacts of Interchange 

options, due to land being located on 

previously disturbed ground within ROW.

Benson-C1

4-Lane Divided with 3rd WB lane 

Lewis to NB I229 terminal

No ancticipated 

wetland impacts

None All on previously disturbed 

ground within ROW Low

Minimal environmental impacts.

Concept 

ID
Description

Environmental Comparative Data Environmental Summary



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

11 
 

Construction Costs 
In preparing estimates of construction costs for the preliminary concepts, quantities were 

developed for the following items and the unit costs shown in parenthesis were applied to the 

quantities: 

• Bridge deck area ($180 or $270/SF tangent or curved bridge) 
• Retaining wall length ($600/LF) 
• Interstate / ramp / street pavement area ($20/SF) 

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. 

The pavement unit costs applied were developed from unit prices computed from the following 

awarded local projects:  

• 57th/Western (2013)    $5.3 million total, $21.81/SF 
• Russell Street (2013)   $15 million total, $18.94/SF 
• I-90/Cliff Ave Interchange (2013) $15.8 million total, $25.61/SF (includes bridge costs) 
• Cliff Ave, 61st to 85th (2015)  $8.9 million total, $16.91/SF 

 

Estimated construction costs and property impacts costs for the preliminary concepts are shown 

in TABLE 4. 

Relocation costs are not included in the ROW cost estimates. 
 
Estimated construction costs for this concept do not include an allowance for retaining wall 
replacement and is noted in TABLE 4 for Benson-2. 
 
 

Preliminary Concepts Composite Comparative Assessment  
The four types of data compiled for the Preliminary Concepts is shown in TABLE 5, along with 

the qualitative classification for each measure. 
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Table 4.  Preliminary Concepts Estimated Costs   

 *Estimated construction costs for this concept do not include an allowance for retaining wall replacement 

 
 

Area (ft2) Cost Length (ft) Cost Area (ft2) Cost Area (ft2) Cost % Cost Area (acre) Cost

Benson-1 NE Quadrant Loop 9,240 $1,700,000 0 $0 187,295 $3,800,000 26,807 $700,000 20% $1,500,000 11.3 $2,500,000 $10,200,000

Benson-2 *
NE and NW Quadrant 

Loops
9,240 $1,700,000 600 $400,000 340,000 $6,800,000 24,954 $700,000 20% $2,300,000 11.3 $2,500,000 $14,400,000

Benson-3 NB to WB Flyover 26,082 $6,500,000 0 $0 177,932 $3,600,000 31,362 $800,000 20% $1,500,000 11.0 $2,500,000 $14,900,000

Benson-4 Diverging Diamond 8,000 $1,500,000 0 $0 90,118 $1,900,000 100,036 $2,600,000 20% $1,900,000 0.0 $0 $7,900,000

Benson-C1

4-Lane Divided with 3rd 

WB lane Lewis to NB 

I229 terminal

0 $0 0 $0 0 $0 344,617 $7,300,000 20% $1,800,000 1.1 $400,000 $9,500,000

Concept ID Description
Bridge Retaining Wall Interstate & Ramps Municipal Street Contingency Property Impacts

Total Cost
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Table 5.  Preliminary Concepts Composite Comparative Assessment  
    

 
Footnote 

(1) Queues affect freeway mainline travel times 

*Estimated construction costs for this concept do not include an allowance for retaining wall replacement 

 

 

 

Queues Delay Travel Time

Benson-1
NE Quadrant Loop

Very Good Good Good
Medium/ potential 

4(f)
$10,200,000 11.3

Benson-2 *
NE & NW Quadrant Loops

Very Good Neutral Poor
Medium/ potential 

4(f)
$14,400,000 11.3

Benson-3
NB to WB Flyover

Poor (1) Good Good
Medium/ potential 

4(f)
$14,900,000 11

Benson-4

Diverging Diamond

Very Good Very Good Good Low $10,400,000 0

Benson-C1

4-Lane Divided with 3rd WB lane 

Lewis to NB I229 terminal Neutral Neutral Neutral Low $9,500,000 1.1

Preliminary Concept
Traffic Assessment Environmental 

Impacts
Cost ROW (acre)
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Preliminary Concept Screening Workshop Decision Matrix 
The following tabulations record SAT decisions at the workshop on July 9, 2015.  The purpose 

of the workshop was to screen preliminary concepts and formulate Build alternatives for the next 

phase of study.  Action items and comments are noted for each of the concepts.  TABLE 6 

illustrates the completed preliminary concepts phase of the I-229 Major Investment Study. 

Type of Interchange: 

• SPUI = Single Point 

• TD = Tight Diamond 

• DDI = Diverging Diamond 

• Par = Parclo 

Screening Workshop Decision: 

• CARRY AHEAD = Conceptual profile development, noise analysis, HCS traffic analysis, 

updated costs/impacts, constructability review 

• ELIMINATE = No further development 

• DEFER = No further development in this study.  Will be further considered in NEPA phase 

for specific project 

Table 6. Preliminary Concept Screening Workshop Decision Matrix- Benson Corridor 

 

  

Type / Details Description Action Items

Benson Road Interchange
- SDDOT prefers a single exit ramp over successive exits.  Could 

cut into existing bridge abutment berm & construct retaining wall.  

- Consider how single lane loop ramp provides equivalent capacity 

to existing dual left turn lanes with nearly 100% green time at signal

- SDDOT prefers a single exit ramp over successive exits.  Could 

cut into existing bridge abutment berm & construct retaining wall. 

Benson-3 NB to WB flyover Eliminate
- Determine why estimated cost is 

less than Benson-3

Benson-4 DDI Carry Ahead

- Modify to provide 3/4 access on 

Benson Rd at Potsdam 

intersection.

- City does not favor eventual signalization of Potsdam 

intersection.

Benson Road Corridor

Benson-C1

4-Lane Divided with 3rd 

WB lane Lewis to NB I229 

terminal

Carry Ahead

- Close median at property E of 

Bahnsen.

- Prefer to minimize median breaks on Benson Rd E of I-229.

Comments

- Combine NB diagonal exit & NB 

loop exit to single exit.

Carry Ahead

NE quadrant loop, 

relocated NB Benson Rd 

Ent

Benson-1

NE & NW Quadrant Loops Carry Ahead

- Combine NB diagonal exit & NB 

loop exit to single exit.
Benson-2

Concept ID Workshop 

Decision
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Benson Corridor Build Scenarios 
Three build scenarios have been defined for the Benson corridor, which include a combination 

of interchange concepts and corridor concepts: 

• Benson-1 + Benson-C1 

• Benson-2 + Benson-C1 

• Benson-4 + Benson-C1 
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APPENDIX D3 -  

DTA MODEL INTERCHANGE AND MODEL SUBAREAS 
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Attachment C-  

DTA Model Subarea 
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APPENDIX D4 -  

ENVIRONMENTAL CONSTRAINTS MAPS 
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Appendix E. Predictive Safety Analysis 
This memorandum presents a summary of the methodology and findings for the predicted 

safety performance analysis for the Existing, No-Build and Build conditions for the I-229 MIS. 

The I-229 MIS has been separated into individual sub-studies.  The sub-studies include: 

• I-229 Corridor Study 

• Minnesota Avenue Corridor Study (Exit 3) 

• 10th Street Corridor Study (Exit 6) 

• Benson Road Corridor Study (Exit 9) 

• Rice Street Corridor Study (Exit 7) 

• Cliff Avenue Corridor Study (Exit 4) 

A map illustrating the overall study areas for each of the sub-studies is shown in Figure 1.  The 

study limits for the predictive safety analysis differ slightly.  In general, the predictive safety 

analysis limits for the I-229 Corridor Study are focused on the freeway area impacted by the 

corridor concepts (26th Street to 10th Street) and the remaining sub-studies focus on their 

respective ramps and ramp terminals.  The analysis limits for each sub-study will be detailed 

later in this memorandum. 

The predictive safety analysis presented in this memorandum is based on the principles and 

methods of the Highway Safety Manual (HSM) as discussed in detail below.  It presents 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.  The Build alternatives to be 

analyzed for this study will be described later in this memorandum.  The results are intended to 

help guide the selection of the alternatives moving forward to the alternatives analysis stage of 

planning. 
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Figure 1. I-229 MIS Study Area Map 
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Methodology 
Predictive safety analysis was completed using the American Association of State Highway and 

Transportation Officials (AASHTO) HSM methods, including the National Cooperative Highway 

Research Program (NCHRP) Report 17-45 methods for evaluating freeways and interchanges 

(now part of the HSM as a supplemental volume published in 2014).  FHWA supports, and in 

many cases now requires, the use of HSM methods for the evaluation of proposed freeway 

facility improvements, including new or modified Interstate access.  According to the HSM 

preface: 

“The focus of the HSM is to provide quantitative information for decision making.  The HSM 

assembles currently available information and methodologies on measuring, estimating, and 

evaluating roadways in terms of crash frequency (number of crashes per year) and crash 

severity (level of injures due to crashes).  The HSM presents tools and methodologies for 

consideration of ‘safety’ across the range of highway activities …” 

The HSM goes on to describe a primary benefit of the predictive method, “The predictive 

method provides a quantitative measure of expected crash frequency under both existing 

conditions and conditions which have not yet occurred.  This allows proposed roadway 

conditions to be quantitatively assessed …” (HSM, 2010) 

HSM-based crash predictions are developed using safety performance functions (SPFs) for 

specific facility types.  The SPFs predict crash frequency for a variety of freeway types with 

direct consideration of factors of crash risk exposure (e.g. daily traffic volumes and segment 

lengths).  However, crash prediction by SPF alone is limited to facilities with geometric and 

traffic control features that match a theoretical base condition for that facility type.  To overcome 

this limitation to SPF applicability, crash modification factors (CMFs) are used to make 

adjustments to the initial SPF results to account for differences between the actual geometric 

and traffic control conditions and the theoretical base condition.  CMFs are multiplicative factors. 

Thus, if a CMF greater than 1 is combined with an SPF the resulting number of predicted 

crashes will increase over the original SPF-based crash prediction. Conversely, a CMF less 

than 1 it will decrease the number of predicted crashes.  For example, if an outside shoulder 

width is less than the assumed 10-foot base condition, then a CMF of greater than 1 is applied 

to adjust the SPF results for the segment.  

The HSM methodology has been in development for many years and is rapidly advancing; 

however, there are still many limitations where the available tools do not yet offer SPFs and/or 

CMFs for certain conditions.  Where this is the case, recent research and crash data were also 

considered to overcome analysis limitations.  Crash prediction methods beyond the scope of the 

HSM that were deemed necessary for the I-229 MIS study were agreed upon in the project 

Methods and Assumptions document and are described later in this section. 

Facilities, Segmentation and Data Inputs 
The HSM allows for crash prediction to be conducted at the project level or site-specific level.  A 

site-specific analysis parses the project study area into individual homogenous elements, such 
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as, freeway segments, ramp segments, and ramp terminal intersections.  The I-229 MIS crash 

prediction area was segmented into 38 mainline freeway segments, 24 ramp segments, 11 

ramp terminal intersections, and 4 arterial intersections.  The segmentation will be provided as a 

digital appendix. 

Crash prediction requires geometric and operational inputs to accurately compute the SPFs and 

apply the correct CMFs.  These inputs include information such as segment length, daily traffic 

volume, ramp locations, merge distances, and horizontal curvature.  The geometric inputs were 

primarily obtained from the conceptual design files and aerial photography.  The traffic volume 

data was based on traffic counts provided by SDDOT and design year volume forecasts from 

the 2035 Sioux Falls Travel Demand Model.  

I-229 Mainline Segments, Entrance and Exit Ramps, and Ramp Terminals 

The I-229 mainline segments, entrance and exit ramps, and ramp terminals were evaluated 

using HSM methods implemented using the Enhanced Interchange Safety Analysis Tools 

(ISATe) version j software provided by FHWA.  The ISATe analysis files are provided as a 

digital appendix for all freeway, ramp, and ramp terminal intersection sites that were reviewed. 

The ISATe does have limitations however.  Specifically, the ISATe ramp terminal method does 

not address Single-Point Urban Interchanges (SPUIs) or Diverging Diamond Interchanges 

(DDIs).  It only predicts crashes for a variety of more typical diamond and partial cloverleaf 

interchange ramp terminals.  Therefore, it was necessary to develop an estimate for an 

“operationally-similar” diamond interchange design and then use CMFs from HDR’s “Crash 

Prediction Analysis Procedures for Diverging Diamond Interchange (DDI), Single-Point Urban 

Interchange (SPUI), and Two-Lane Loop Ramp” memo dated November 4th, 2015 to modify the 

results to estimate the predictions for a SPUI and DDI design.  Based on available SDDOT data, 

the preliminary CMF for conversion of a traditional diamond interchange to a SPUI is 0.63 for 

ramp terminal intersection crashes.  Based on research done in Missouri on safety evaluations 

of DDIs, the preliminary CMF for conversion of a traditional diamond interchange to a DDI is 

0.37 for Fatal + Injury (F+I) crashes at ramp terminal intersections and 0.49 for Property 

Damage Only (PDO) crashes at ramp terminal intersections. 

Cross Street Segments  

Crashes within an interchange’s functional area can be almost entirely predicted by evaluating 

the crashes from the freeway, freeway ramps, and ramp terminal intersections.  However, some 

crashes near the interchange may be due to roadway segment characteristics of the arterial 

cross street.  If these segment-related crashes are to be included, then HSM methods for urban 

and suburban arterials need to be applied.  In this study, the primary area for crash prediction 

evaluation was focused on the interchange, and no arterial segment crashes were evaluated 

between scenarios. 

Arterial Intersections 

Some arterial intersections were included when the sub-study concepts involved realigning 

ramps to arterial intersections.  Therefore, to make a fair comparison, the predictive safety 

analysis included the impacted arterial intersection for all sub-study concepts, including 
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No-Build.  Methods from Chapter 12 of the HSM were used for analyzing arterial intersections.  

The analysis files for the 4 arterial intersections analyzed are provided as a digital appendix. 

Calibration Factors 
According to the HSM, “the predictive models were developed from the most complete and 

consistent data sets available.”  However, the report also recommends that the equations be 

calibrated for each jurisdiction because “the general level of crash frequencies may vary 

substantially from one jurisdiction to another.”  However, SDDOT has not yet conducted the 

extensive analyses required to develop a complete set of HSM related calibration factors.  

Therefore, using the national HSM equations is proposed as the best approach for this current 

analysis. 

Empirical Bayes Approach: Considering Historical Crash Data 
The HSM method includes an optional step called the Empirical Bayes (EB) approach, which 

combines “the estimate from a predictive model with observed crash data to obtain a more 

reliable estimate of the expected average crash frequency.” (HSM, 2010)  Essentially, the 

historical crash data is used to adjust the future crash prediction.  Typically, the EB method is 

only used when it can be applied equally to all of the alternatives under consideration.  Thus the 

improvements being considered must be moderate, so that the historical crash data is 

reasonable to consider for the conditions being compared.  When major alignment or traffic 

control changes are proposed (such as the proposed SPUI’s or DDI’s), it is not used because 

“there is typically a small difference in the results obtained from the predictive method when it is 

used with and without the EB Method.”  Therefore, “if the EB Method is not applied consistently, 

such differences will likely introduce a small bias in the comparison of expected crash frequency 

among alternatives.” (HSM Supplement, 2014)  Therefore, the results are presented with the EB 

method adjustment when comparing Existing to No-Build conditions and without the EB method 

adjustment when comparing No-Build to the Build alternatives. 

Planning Horizon Cost Savings 
Planning horizon cost savings were calculated for the Build alternatives.  The planning horizon 

cost savings is 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.  This shows 

how much money is saved (or loss) from a safety standpoint for each alternative. 

Analysis Results 
The predicted number of crashes were compared for the Existing (Year 2012) and No-Build 

(Year 2035) conditions to see the effect on safety of the unimproved I-229 corridor with 

increased traffic volumes.  This comparison of Existing and No-Build conditions comprises the 

entire crash prediction area for all six sub-studies, allowing adjacent interchanges to be 

compared for differences in predicted future crash frequency. 

In a similar fashion, Build alternatives for each sub-study were evaluated and the predicted 

number of crashes was established for the 2012 to 2035 analysis period.  The Build alternative 
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crash predictions were then compared to the No-Build crash prediction for subject interchange. 

Hence, the results of the crash predictions for Build alternatives are presented by sub-study. 

Existing vs. No-Build 
The first stage of the crash prediction analysis was to compare the safety impact of anticipated 

traffic volume growth over the study horizon. The predicted annual crash frequencies for the 

Existing (Year 2012) and No-Build (Year 2035) conditions are presented in Table 1.  For the 

comparison of the Existing and No-Build conditions, historical crash data was applied using the 

EB method adjustment. 

As expected, crashes predicted for each location along I-229 increase because of the increase 

in traffic volume. Notably, the I-229 interchange areas experience higher levels of existing 

crashes than the connecting freeway segments. By 2035, those interchange areas all have 

nearly doubled in annual crashes. Particularly, the Benson Road interchange shows the highest 

increase in annual predicted crashes at 26 additional crashes per year. 

Table 1: Expected Average Crash Frequency – Existing vs. 2035 No-Build 

 

No-Build vs. Build Alternatives 

I-229 Corridor Study 

STUDY AREA 

The ISATe analysis limits for the I-229 Corridor Study focus on the I-229 freeway portion from 

26th Street to 10th Street.  The analysis limits for the I-229 Corridor Study are shown in Figure 2.   
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Figure 2: I-229 Corridor ISATe Analysis Limits 

 

Source: Google Earth, December 2016 
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ALTERNATIVES 

The alternatives to be analyzed for the I-229 Corridor Study are: 

• I229-NB 

o No-Build 

• I229-C1 

o 6-Lanes, From 26th St to 10th St 

• I229-C2 

o 6-Lanes, From 26th St to 10th St 

o 65 MPH Improved Horizontal Curves 

BUILD AND NO-BUILD CRASH FREQUENCY COMPARISON 

The predicted annual crash frequencies for the No-Build and Build alternatives (2012 to 2035) 

are presented in Table 2 along with the breakdown of Fatal + Injury (F+I) and Property Damage 

Only (PDO) crashes. 

Table 2: I-229 Corridor 2012-2035 Predicted Build and No-Build Annual Crashes 

 
The resulting total number of annual predicted crashes is slightly lower for both Build 

alternatives  The Build alternatives result in a 4-5% decrease in total crashes and a 7-8% 

decrease in PDO crashes, but a 2-3% increase in F+I crashes.  The cost for an F+I crash is 

high so this results in a negative cost savings, which is shown below in Table 3.   

Planning horizon crash cost savings were calculated for the Build alternatives and are shown in 

Table 3. 

Table 3: I-229 Corridor Planning Horizon Crash Cost Savings 

Alternative Total User Cost1 User Cost Savings2 

No-Build  $  24,600,000   $                  -    

I229-C1  $  25,200,000   $       (600,000) 

I229-C2  $  24,900,000   $       (300,000) 
1Total User Cost – The discounted, monetized safety benefit 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). 
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Minnesota Avenue Corridor Study 

STUDY AREA 

The ISATe analysis limits for the Minnesota Avenue Corridor Study focus on the I-229 ramps, 

the ramp terminals, and the arterial intersection of Minnesota Avenue and 49th Street.  The 

arterial intersection was included in the analysis because some of the Build alternatives involve 

realigning the I-229 westbound off-ramp to 49th Street.  The analysis limits for the Minnesota 

Avenue Corridor Study are shown in Figure 3.   

Figure 3: Minnesota Avenue Corridor ISATe Analysis Limits 

 

Source: Google Earth, December 2016 

ALTERNATIVES 

The alternatives to be analyzed for the Minnesota Avenue Corridor Study are: 

• Minn-NB 

o No-Build Interchange Configuration and Corridor Configuration 

• Minn-2C 

o Realigns SB exit ramp with 49th Street; full access with signal-control. 

o Constructs loop ramp for NB Minnesota Ave to SB I-229. 

o Provides dual left-turn lanes for all signalized entrance and exit ramps. 
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o Increases separation between ramp terminal / 49th Street intersections. 

o Rebuilds Minnesota Avenue with a median and two lanes in each 
direction. 

o Third southbound lane added through 49th Street intersection. 

• Minn-2D 

o Same as Minn-2C except rebuilds Minnesota Avenue with a median and 
three lanes in each direction. 

• Minn-5D 

o Replaces Diamond Interchange with Diverging Diamond Interchange 
(DDI) configuration. 

• Minn-8C 

o Replaces Diamond Interchange with Single Point Urban Interchange 
(SPUI) centered at existing interchange. 

o Provides dual-left turn lanes for all signalized entrance and exit ramps. 

o Incorporates full, signal-controlled access at 49th Street intersection. 

o Rebuilds Minnesota Avenue with a median and two lanes in each 
direction. 

o Third southbound lane added through 49th Street intersection. 

• Minn-8D 

o Same as Minn-8C except rebuilds Minnesota Avenue with a median and 
three lanes in each direction. 

• Minn-9D (Qualitative Analysis Only) 

o Same as Minn-8D except SB I-229 through and right-turn movements are 
provided direct connection to 49th Street. 

BUILD AND NO-BUILD CRASH FREQUENCY COMPARISON 

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. 

The resulting total number of annual predicted crashes is lower for all the Build alternatives 

when compared to No-Build, with the DDI alternative expecting the least amount of crashes.  

The alternatives result in a 34-55% decrease in total crashes, with a 44-70% decrease in F+I 

crashes and 26-41% decrease in PDO crashes.  Minn-9D is an alternative that was originally 

screened out prior to the concept refinement stage.  As concept refinement progressed, 

Minn-9D was reconsidered and reinstated as a Build alternative.  Shortly following the 

reinstatement of Minn-9D, the overall I-229 MIS entered into the final reporting stage of the 

project.  The project team determined that a full crash prediction analysis of Minn-9D would not 

provide additional value to study recommendations.  The project team’s qualitative assessment 

of Minn-9D is that the concept would likely result in slightly fewer predicted crashes than 

Minn-8C and Minn-8D.  That qualitative assessment is based on quantitative evaluation of very 

similar concepts at the Cliff Avenue interchange (Cliff-6 and Cliff-7). 
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Table 4: Minnesota Ave Corridor 2012-2035 Predicted Build and No-Build Annual Crashes 

 

Planning horizon crash cost savings were calculated for the Build alternatives and are shown in 

Table 5. 

Table 5: Minnesota Avenue Corridor Planning Horizon Crash Cost Savings 

Alternative Total User Cost1 User Cost Savings2 

No-Build  $  64,600,000   $                  -    

Minn-2C  $  32,000,000   $   32,600,000  

Minn-2D  $  34,400,000   $   30,100,000  

Minn-5D  $  20,000,000   $   44,600,000  

Minn-8C  $  34,500,000   $   30,100,000  

Minn-8D  $  35,600,000   $   29,000,000  
1Total User Cost – The discounted, monetized safety benefit 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). 

10th Street Corridor Study 

STUDY AREA 

The ISATe analysis limits for the 10th Street Corridor Study focus on the I-229 ramps and the 

ramp terminals.  For the Tight Split Diamond alternative, the proposed 6th Street ramp terminals 

were also included in the analysis.  Because they are new intersections, no arterial intersection 

was included for the other alternatives.  The analysis limits for the 10th Street Corridor Study are 

shown in Figure 4.   

ALTERNATIVES 

The alternatives to be analyzed for the 10th Street Corridor Study are: 

• 10th-NB 

o No-Build Interchange Configuration and Corridor Configuration 

5.8

5.6

3.2

5.6

5.2

10.4

8.6

8.5

6.7

7.8

7.5

11.5

0 5 10 15 20 25

Minn-8D

Minn-8C

Minn-5D

Minn-2D

Minn-2C

No-Build

F+I

PDO



6300 S. Old Village Pl., Suite 100, Sioux Falls, SD 57108 
P 605-977-7740 

hdrinc.com 
 

12 
 

Figure 4: 10th Street Corridor ISATe Analysis Limits 

 

Source: Google Earth, December 2016 
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• 10th-2 

o Perpetuates Single Point Urban Interchange (SPUI) configuration. 

o Provides dual left-turn lanes for all entrance and exit ramps. 

o Rebuilds 10th Street with a median and three lanes in each direction 
through the interchange. 

• 10th-5 

o Replaces Single Point Urban Interchange (SPUI) configuration with 
Diverging Diamond Interchange (DDI) configuration. 

o Eliminates left-turn movements on 10th Street by crossing 10th Street 
traffic to the left side between the ramp terminal intersections. 

o Rebuilds 10th Street with a median and three lanes in each direction 
through the interchange. 

• 10th-9 

o Replaces Single Point Urban Interchange (SPUI) configuration with Tight 
Split Diamond Interchange (TSD) configuration with I-229 ramp 
connections to both 10th Street and 6th Street. 

o Provides dual left-turn lanes for all entrance and exit ramps except the NB 
entrance ramp. 

o Adds traffic signals at new ramp intersections with 6th Street. 

• 10th-Var (Qualitative Analysis Only) 

o Unconstrained SB Entrance & NB Exit Ramps 

BUILD AND NO-BUILD CRASH FREQUENCY COMPARISON 

The predicted annual crash frequencies for the No-Build and Build alternatives (2012 to 2035) 

are presented in Table 6 along with the breakdown of Fatal + Injury (F+I) and Property Damage 

Only (PDO) crashes. 

Table 6: 10th Street Corridor 2012-2035 Predicted Build and No-Build Annual Crashes 

 

The resulting total number of annual predicted crashes is 5% less for the SPUI alternative, 29% 

less for the DDI alternative, and 131% more for TSD alternative.  Even though the total number 

of crashes is less for the SPUI alternative, the F+I crashes is slightly higher.  The cost for an F+I 
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crash is high so this results in a negative cost savings, which is shown below in Table 7.  10th-9 

results in a significant increase in crashes because the Tight Split Diamond alternative adds 

more exposure and conflict points from the addition of two new ramp terminals at 6th Street and 

two new collector-distributor roads between 10th Street and 6th Street.  The 10th-Var concept 

would add a minor amount of crashes to 10th-2 and 10th-5 mainly due to added exposure from 

additional ramp length. 

Planning horizon crash cost savings were calculated for the Build alternatives and are shown in 

Table 7. 

Table 7: 10th Street Corridor Planning Horizon Crash Cost Savings 

Alternative Total User Cost1 User Cost Savings2 

No-Build  $  30,000,000   $                  -    

10th-2  $  31,900,000   $    (2,000,000) 

10th-5  $  19,100,000   $   10,900,000  

10th-9  $  67,800,000   $  (37,900,000) 
1Total User Cost – The discounted, monetized safety benefit 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). 

Benson Road Corridor Study 

STUDY AREA 

The ISATe analysis limits for the Benson Road Corridor Study focus on the I-229 ramps and the 

ramp terminals.  The analysis limits for the Benson Road Corridor Study are shown in Figure 5.   

ALTERNATIVES 

The alternatives to be analyzed for the Benson Road Corridor Study are: 

• Benson-NB 

o No-Build Interchange Configuration and Corridor Configuration 

• Benson-1A 

o 30 MPH 2-lane loop for NB I-229 to WB Benson Road. 

o Realign I-229 NB off ramp. 

o Dual right-turn lane and free right-turn movement for EB Benson Road to 
SB I-229. 

o Raised median on Benson Road with left-turn lanes. 

• Benson-1B 

o Same as Benson-1A except single (instead of dual) right-turn lane and 
free right-turn movement for EB Benson Road to SB I-229. 
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Figure 5: Benson Road Corridor ISATe Analysis Limits 

 

Source: Google Earth, December 2016 
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• Benson-4 

o Diverging Diamond Interchange (DDI) configuration. 

o Realign W I-229 ramps to maximize separation distance to Potsdam 
Avenue. 

o Right-turn lane and 2-lane free right-turn movement for EB Benson Road 
to SB I-229. 

BUILD AND NO-BUILD CRASH FREQUENCY COMPARISON 

The predicted annual crash frequencies for the No-Build and Build alternatives (2012 to 2035) 

are presented in Table 8 along with the breakdown of Fatal + Injury (F+I) and Property Damage 

Only (PDO) crashes. 

Table 8: Benson Road Corridor 2012-2035 Predicted Build and No-Build Annual Crashes 

The resulting total number of annual predicted crashes is 8-9% less for the loop ramp 

alternatives and 45% less for the DDI alternative.  The resulting annual PDO crashes is 5-6% 

less for the loop ramp alternatives and 33% less for the DDI alternative.  The biggest safety 

benefit is in the F+I crashes, which is 12-13% less for the loop ramp alternatives and 60% less 

for the DDI alternative. 

Planning horizon crash cost savings were calculated for the Build alternatives and are shown in 

Table 9. 

Table 9: Benson Road Corridor Planning Horizon Crash Cost Savings 

Alternative Total User Cost1 User Cost Savings2 

No-Build $  47,400,000 $                  - 

Benson-1A $  41,600,000 $     5,800,000 

Benson-1B $  41,000,000 $     6,300,000 

Benson-4 $  19,500,000 $   27,800,000 
1Total User Cost – The discounted, monetized safety benefit 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). 
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Rice Street Corridor Study 

STUDY AREA 

The ISATe analysis limits for the Rice Street Corridor Study focus on the I-229 ramps, the ramp 

terminals, and the arterial intersections of Rice Street/Bahnson Avenue and Rice Street/Lowell 

Avenue.  The arterial intersections were included in the analysis because Rice-3C involves 

realigning Cleveland Avenue to Bahnson Avenue and the I-229 SB Ramps to Lowell Avenue.   

The analysis limits for the Rice Street Corridor Study are shown in Figure 6. 

Figure 6: Rice Street Corridor ISATe Analysis Limits 

 

Source: Google Earth, December 2016 

ALTERNATIVES 

The alternatives to be analyzed for the Rice Street Corridor Study are: 

• Rice-NB 

o No-Build Interchange Configuration and Corridor Configuration 

• Rice-2 

o Perpetuates Folded Diamond Interchange configuration. 
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o Rebuilds Rice Street with a median and three lanes in each direction 
through the interchange. 

o Provides additional turn bays and storage length at the Rice 
Street/Cleveland Avenue/NB I-229 off ramp and Rice Street/Bahnson 
Avenue intersections. 

• Rice-2A 

o Same as Rice-2 except shifts and rebuilds Rice Street north of its current 
alignment to avoid impacts to BNSF Railroad Right-of-Way. 

• Rice-3C 

o Replaces Folded Diamond Interchange with an improved geometrics 
Folded Diamond Interchange configuration. 

o Aligns SB I-229 ramps with Lowell Avenue and improves geometrics at 
NB I-229 ramps. 

o Rebuilds Rice Street with a median and three lanes in each direction 
through the interchange. 

o Separates conflicting traffic movements at Cleveland Avenue and the NB 
I-229 ramp terminal intersection by realigning Cleveland Avenue on a 
shifted alignment with a two-way left-turn lane and two lanes in each 
direction. 

o Provides a grade separated crossing of Cleveland Avenue over the BNSF 
Railroad. 

o Provides additional turn bays and storage length at the Rice Street/NB 
I-229 off ramp and Rice Street/Bahnson Avenue/Cleveland Avenue 
intersections. 

Rice-2 and Rice-2A are treated the same for the predictive safety analysis because they 
comprise of the same cross section.  The only difference between the two alternatives is that 
Rice-2A is shifted to the north. 

BUILD AND NO-BUILD CRASH FREQUENCY COMPARISON 

The predicted annual crash frequencies for the No-Build and Build alternatives (2012 to 2035) 

are presented in Table 10 along with the breakdown of Fatal + Injury (F+I) and Property 

Damage Only (PDO) crashes. 

Table 10: Rice Street Corridor 2012-2035 Predicted Build and No-Build Annual Crashes 
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The resulting total number of annual predicted crashes is lower for all the Build alternatives.  

The Build alternatives result in a 14-15% decrease in total crashes, an 11-12% decrease in 

PDO crashes, and an 18-20% decrease in F+I crashes.  It should be noted that the results for 

Rice-3C do not take into effect the safety benefit of removing two railroad at-grade crossings 

that result from realigning Cleveland Avenue to Bahnson Avenue. Analysis of the Rice-3C 

option also does not include an estimate of the change in crashes on Rice Street and Cleveland 

Avenue due to the significant increase in travel distance between Cleveland Avenue and the 

Northbound I-229 ramps. 

Planning horizon crash cost savings were calculated for the Build alternatives and are shown in 

Table 11. 

Table 11: Rice Street Corridor Planning Horizon Crash Cost Savings 

Alternative Total User Cost1 User Cost Savings2 

No-Build $  58,700,000 $                  - 

Rice-2/2A $  48,300,000 $   10,400,000 

Rice-3c $  47,900,000 $   10,800,000 
1Total User Cost – The discounted, monetized safety benefit 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). 

Cliff Avenue Corridor Study 

STUDY AREA 

The ISATe analysis limits for the Cliff Avenue Corridor Study focus on the I-229 ramps, the 

ramp terminals, and the arterial intersection of Cliff Avenue and 41st Street.  41st Street is 

aligned with the I-229 southbound off-ramp for all the alternatives except Cliff-6.  41st Street is 

realigned to Pam Road in Cliff-6 so Cliff Avenue and 41st Street is analyzed as an arterial 

intersection.   For the other alternatives, 41st Street is analyzed in ISATe as a non-ramp public 

street leg that is present at the north ramp terminal.  The intersection of Cliff Avenue and Pam 

Road was not analyzed because the existing number of crashes is very low.  Therefore, the 

predicted crashes for this intersection would be negligible.  The analysis limits for the Cliff 

Avenue Corridor Study are shown in Figure 7. 

ALTERNATIVES 

The alternatives to be analyzed for the Cliff Avenue Corridor Study are: 

• Cliff-NB 

o No-Build Interchange Configuration and Corridor Configuration 

• Cliff-1 

o Adds a loop on ramp from NB Cliff Avenue to SB I-229. 

o Realigns SB Cliff Avenue to SB I-229 directional ramp. 

o Provides additional turn bays, storage length, and raised median at the 
Cliff Avenue/E 41st Street/SB I-229 off ramp terminal intersection. 
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Figure 7: Cliff Avenue Corridor ISATe Analysis Limits 

 

Source: Google Earth, December 2016 

• Cliff-6 

o Replaces Diamond Interchange with Single Point Urban Interchange 
(SPUI) 

o Rebuilds Cliff Avenue with a median and two lanes in each direction. 

o Realigns the E 41st Street/Cliff Avenue intersection north to Pam Road. 

• Cliff-7 

o Same as Cliff-6 except SB I-229 through and right movements utilize 
existing intersection location at Cliff Avenue. 

BUILD AND NO-BUILD CRASH FREQUENCY COMPARISON 

The predicted annual crash frequencies for the No-Build and Build alternatives (2012 to 2035) 

are presented in Table 12 along with the breakdown of Fatal + Injury (F+I) and Property 

Damage Only (PDO) crashes. 
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Table 12: Cliff Avenue Corridor 2012-2035 Predicted Build and No-Build Annual Crashes 

 

The resulting total number of annual predicted crashes is lower for all the Build alternatives, with 

Cliff-7 showing the least amount of crashes.  The Build alternatives result in a 10-26% decrease 

in total crashes, a 10-28% decrease in PDO crashes, and a 9-24% decrease in F+I crashes. 

Planning horizon crash cost savings were calculated for the Build alternatives and are shown in 

Table 13. 

Table 13: Cliff Avenue Corridor Planning Horizon Crash Cost Savings 

Alternative Total User Cost1 User Cost Savings2 

No-Build $  42,900,000 $                  - 

Cliff-1 $  39,100,000 $     3,800,000 

Cliff-6 $  32,900,000 $   10,100,000 

Cliff-7 $  32,600,000 $   10,400,000 
1Total User Cost – The discounted, monetized safety benefit 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). 

Conclusions 
Based on the preceding HSM analysis, the following conclusions can be drawn for the entire 

I-229 MIS study: 

• Crashes predicted for each location along I-229 increase for the No-Build (Year 
2035) condition compared to the Existing (Year 2012) condition because of the 
increase in traffic volume.  Notably, the I-229 interchange areas experience 
higher levels of existing crashes than the connecting freeway segments. 

• For the I-229 Corridor Study, both Build alternatives decrease the total number of 
crashes.  However, the fatal and injury crashes increase slightly so there is an 
increase in user cost. 

• For the 10th Street Corridor Study, the SPUI and DDI alternatives decrease the 
total number of crashes.  However, the fatal and injury crashes increase slightly 
for the SPUI alternative so there is an increase in user cost.  The Tight Split 

5.4

5.3

6.4

7.0

7.5

8.8

9.3

10.4

0 2 4 6 8 10 12 14 16 18 20

Cliff-7

Cliff-6

Cliff-1

No-Build

F+I

PDO



6300 S. Old Village Pl., Suite 100, Sioux Falls, SD 57108 
P 605-977-7740 

hdrinc.com 
 

22 
 

Diamond alternative increases the total number of crashes 131% because it adds 
two new ramp terminals at 6th Street and two new collector-distributor roads 
between 10th Street and 6th Street. 

• For the remaining corridor studies (Minnesota Avenue, Benson Road, Rice 
Street, Cliff Avenue), all Build alternatives decrease crashes compared to their 
respective No-Build alternatives. 

• If the alternatives with the highest safety benefit for all sub-studies were chosen, 
the entire I-229 corridor would see approximately $104 million in user cost 
savings. 

The safety evaluation, along with traffic operations, environmental impacts, property impacts, 
and construction and right-of-way cost, helped select alternatives and prioritize the phasing of 
each sub-study. 
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Appendix F. Year of Failure Analysis 
 

This technical memorandum documents the Year of Failure analysis for the I-229 Major 

Investment Study (MIS), serving as part of the overall documentation for the I-229 MIS project. 

The content provided in Appendix B1. Traffic Capacity Analysis Methodologies should be 

referenced to supplement the content in this memorandum. 

The purpose of the I-229 MIS is to develop a comprehensive plan for improvements needed 

along I-229, its interchanges, and its cross streets through a horizon year of 2035. While 

proposed improvement projects recommended by the study were designed to meet operational 

and design criteria by 2035, elements of existing and proposed corridor infrastructure have 

service lives beyond 20-30 years after initial construction. The year of failure analysis is one 

type of analysis that considers conditions beyond the horizon year. 

A year of failure analysis helps decision makers roughly assess how long after the design or 

horizon year a proposed interchange design will operate acceptably.  The longer the 

interchange operates sufficiently, the longer down the road the interchange will have prior to 

additional investments to deal with future capacity constraints. 

This memorandum presents a summary of the methodology and findings for the year of failure 

analysis for the No-Build and Build alternatives for the I-229 MIS.  The Build alternatives to be 

analyzed for this study will be described later in this memorandum.  The results are intended to 

help guide the selection of the alternatives moving forward to the alternatives analysis stage of 

planning. 

Study Area 
The I-229 MIS has been separated into individual sub-studies.  The sub-studies include: 

• I-229 Corridor Study 

• Minnesota Avenue Corridor Study (Exit 3) 

• 10th Street Corridor Study (Exit 6) 

• Benson Road Corridor Study (Exit 9) 

• Rice Street Corridor Study (Exit 7) 

• Cliff Avenue Corridor Study (Exit 4) 
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A map illustrating the overall study areas for each of the sub-studies is shown in Figure 1.  For 

the year of failure analysis, the area of study was reduced to the interchanges.  For the I-229 

Corridor Study, the year of failure analysis limits focus on two interchanges that do not have 

their own sub-study: Louise Avenue and Western Avenue.  The remaining sub-studies, focus on 

their respective interchanges.  The analysis does not include identifying year of failure for I-229 

freeway segments.  The first signalized intersection beyond each interchange ramp terminal 

was also included to model the arrival flow profile approaching the ramp terminal intersections. 

Methodology 

Volume Development 
Traffic volumes were developed for the AM and PM peak hours on each cross street and each 

intersection within the study area until year of failure was identified.  Volumes were developed 

for up to 30 years beyond the project future/design year (Year 2035) and at 5-year increments.  

The volumes beyond 2035 were linearly extrapolated using existing year (Year 2012) and future 

year (Year 2035) volumes.  The traffic volume data was based on traffic counts provided by 

SDDOT and design year volume forecasts from the 2035 Sioux Falls Travel Demand Model. 

Year of Failure Criteria 
For the year of failure analysis, LOS ‘D’ was used as the worst allowable LOS for future year 

ramp terminal intersection operations.  The interchange alternatives were considered failing 

when one of the ramp terminals was projected to operate at an average intersection LOS ‘E’ or 

‘F’ or an intersection turning movement was projected to operate at LOS ‘F’. 
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Figure 1. I-229 MIS Study Area Map 

 

 



6300 S. Old Village Pl., Suite 100, Sioux Falls, SD 57108 
P 605-977-7740 

hdrinc.com 
 

4 
 

Analysis Results 

I-229 Corridor Study 

Alternatives 

The alternatives to be analyzed for the I-229 Corridor Study are: 

• Louise-NB 

o Louise No-Build Interchange 

• Western-NB 

o Western No-Build Interchange 

Year of Failure Results 

The resulting year of failure for the I-229 Corridor Study alternatives is shown in Table 1. 

Table 1 – I-229 Corridor Year of Failure 

Alternative Year of Failure 

Louise-NB Beyond 2065 

Western-NB 2040 

Minnesota Avenue Corridor Study 

Alternatives 

The alternatives to be analyzed for the Minnesota Avenue Corridor Study are: 

• Minn-NB 

o No-Build Interchange Configuration and Corridor Configuration 

• Minn-2C 

o Realigns SB exit ramp with 49th Street; full access with signal-control. 

o Constructs loop ramp for NB Minnesota Ave to SB I-229. 

o Provides dual left-turn lanes for all signalized entrance and exit ramps. 

o Increases separation between ramp terminal / 49th Street intersections. 

o Rebuilds Minnesota Avenue with a median and two lanes in each 
direction. 

o Third southbound lane added through 49th Street intersection. 

• Minn-2D 

o Same as Minn-2C except rebuilds Minnesota Avenue with a median and 
three lanes in each direction. 

• Minn-5D 

o Replaces Diamond Interchange with Diverging Diamond Interchange 
(DDI) configuration. 
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• Minn-8C 

o Replaces Diamond Interchange with Single Point Urban Interchange 
(SPUI) centered at existing interchange. 

o Provides dual-left turn lanes for all signalized entrance and exit ramps. 

o Incorporates full, signal-controlled access at 49th Street intersection. 

o Rebuilds Minnesota Avenue with a median and two lanes in each 
direction. 

o Third southbound lane added through 49th Street intersection. 

• Minn-8D 

o Same as Minn-8C except rebuilds Minnesota Avenue with a median and 
three lanes in each direction. 

• Minn-9D (Qualitative Analysis Only) 

o Same as Minn-8D except SB I-229 through and right-turn movements are 
provided direct connection to 49th Street. 

Year of Failure Results 

The resulting year of failure for the No-Build and Build alternatives is shown in Table 2.  

Minn-9D is an alternative that was originally screened out prior to the concept refinement stage.  

As the concept refinement progressed, Minn-9D was reconsidered and reinstated as a Build 

alternative.  The project team’s qualitative assessment of Minn-9D is that the concept would 

likely result in a year of failure beyond the year of failure for Minn-8D.  That qualitative 

assessment is based on quantitative evaluation of very similar concepts at the Cliff Avenue 

interchange (Cliff-6 and Cliff-7). 

Table 2 – Minnesota Avenue Corridor Year of Failure 

Alternative Year of Failure 

Minn-NB Earlier than 2035 

Minn-2C 2045 

Minn-2D 2045 

Minn-5D 2060 

Minn-8C 2040 

Minn-8D 2060 

Minn-9D Beyond 2060 (Estimation) 

10th Street Corridor Study 

Alternatives 

The alternatives to be analyzed for the 10th Street Corridor Study are: 

• 10th-NB 

o No-Build Interchange Configuration and Corridor Configuration 
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• 10th-2 

o Perpetuates Single Point Urban Interchange (SPUI) configuration. 

o Provides dual left-turn lanes for all entrance and exit ramps. 

o Rebuilds 10th Street with a median and three lanes in each direction 
through the interchange. 

• 10th-5 

o Replaces Single Point Urban Interchange (SPUI) configuration with 
Diverging Diamond Interchange (DDI) configuration. 

o Eliminates left-turn movements on 10th Street by crossing 10th Street 
traffic to the left side between the ramp terminal intersections. 

o Rebuilds 10th Street with a median and three lanes in each direction 
through the interchange. 

• 10th-9 

o Replaces Single Point Urban Interchange (SPUI) configuration with Tight 
Split Diamond Interchange (TSD) configuration with I-229 ramp 
connections to both 10th Street and 6th Street. 

o Provides dual left-turn lanes for all entrance and exit ramps except the NB 
entrance ramp. 

o Adds traffic signals at new ramp intersections with 6th Street. 

Year of Failure Results 

The resulting year of failure for the No-Build and Build alternatives is shown in Table 3. 

Table 3 – 10th Street Corridor Year of Failure 

Alternative Year of Failure 

10th-NB Earlier than 2035 

10th-2 Beyond 2065 

10th-5 Beyond 2065 

10th-9 Beyond 2065 

Benson Road Corridor Study 

Alternatives 

The alternatives to be analyzed for the Benson Road Corridor Study are: 

• Benson-NB 

o No-Build Interchange Configuration and Corridor Configuration 

• Benson-1A 

o 30 MPH 2-lane loop for NB I-229 to WB Benson Road. 

o Realign I-229 NB off ramp. 
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o Dual right-turn lane and free right-turn movement for EB Benson Road to 
SB I-229. 

o Raised median on Benson Road with left-turn lanes. 

• Benson-1B 

o Same as Benson-1A except single (instead of dual) right-turn lane and 
free right-turn movement for EB Benson Road to SB I-229. 

• Benson-4 

o Diverging Diamond Interchange (DDI) configuration. 

o Realign W I-229 ramps to maximize separation distance to Potsdam 
Avenue. 

o Right-turn lane and 2-lane free right-turn movement for EB Benson Road 
to SB I-229. 

Year of Failure Results 

The resulting year of failure for the No-Build and Build alternatives is shown in Table 4. 

Table 4 – Benson Road Corridor Year of Failure 

Alternative Year of Failure 

Benson-NB Earlier than 2035 

Benson-1A 2050 

Benson-1B 2050 

Benson-4 2045 

Rice Street Corridor Study 

Alternatives 

The alternatives to be analyzed for the Rice Street Corridor Study are: 

• Rice-NB 

o No-Build Interchange Configuration and Corridor Configuration 

• Rice-2 

o Perpetuates Folded Diamond Interchange configuration. 

o Rebuilds Rice Street with a median and three lanes in each direction 
through the interchange. 

o Provides additional turn bays and storage length at the Rice 
Street/Cleveland Avenue/NB I-229 off ramp and Rice Street/Bahnson 
Avenue intersections. 

• Rice-2A 

o Same as Rice-2 except shifts and rebuilds Rice Street north of its current 
alignment to avoid impacts to BNSF Railroad Right-of-Way. 

• Rice-3C 
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o Replaces Folded Diamond Interchange with an improved geometrics 
Folded Diamond Interchange configuration. 

o Aligns SB I-229 ramps with Lowell Avenue and improves geometrics at 
NB I-229 ramps. 

o Rebuilds Rice Street with a median and three lanes in each direction 
through the interchange. 

o Separates conflicting traffic movements at Cleveland Avenue and the NB 
I-229 ramp terminal intersection by realigning Cleveland Avenue on a 
shifted alignment with a two-way left-turn lane and two lanes in each 
direction. 

o Provides a grade separated crossing of Cleveland Avenue over the BNSF 
Railroad. 

o Provides additional turn bays and storage length at the Rice Street/NB 
I-229 off ramp and Rice Street/Bahnson Avenue/Cleveland Avenue 
intersections. 

Year of Failure Results 

The resulting year of failure for the No-Build and Build alternatives is shown in Table 5. 

Table 5 – Rice Street Corridor Year of Failure 

Alternative Year of Failure 

Rice-NB Earlier than 2035 

Rice-2 2045 

Rice-2A 2045 

Rice-3C 2045 

Cliff Avenue Corridor Study 

Alternatives 

The alternatives to be analyzed for the Cliff Avenue Corridor Study are: 

• Cliff-NB 

o No-Build Interchange Configuration and Corridor Configuration 

• Cliff-1 

o Adds a loop on ramp from NB Cliff Avenue to SB I-229. 

o Realigns SB Cliff Avenue to SB I-229 directional ramp. 

o Provides additional turn bays, storage length, and raised median at the 
Cliff Avenue/E 41st Street/SB I-229 off ramp terminal intersection. 

• Cliff-6 

o Replaces Diamond Interchange with Single Point Urban Interchange 
(SPUI) 

o Rebuilds Cliff Avenue with a median and two lanes in each direction. 
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o Realigns the E 41st Street/Cliff Avenue intersection north to Pam Road. 

• Cliff-7 

o Same as Cliff-6 except SB I-229 through and right movements utilize 
existing intersection location at Cliff Avenue. 

Year of Failure Results 

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

Table 6 – Cliff Avenue Corridor Year of Failure 

Alternative Year of Failure 

Cliff-NB Earlier than 2035 

Cliff-1 2050 

Cliff-6 2055 

Cliff-7 2045 

Conclusion 
The year of failure analysis, along with safety impacts, environmental impacts, property impacts, 

construction and right-of-way cost, and other traffic operations, helped screen alternatives and 

prioritize the phasing of each sub-study.  Between the two interchanges in the I-229 Corridor 

Study (Louise Avenue and Western Avenue), Western Avenue is the next interchange after 

2035 that will need to be addressed for operational issues. 
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I-229 Major Investment Corridor Study (Sub-Study #4) 
NOISE STUDY TECHNICAL REPORT 

EXECUTIVE SUMMARY 
The South Dakota Department of Transportation (SDDOT) initiated this study in order to address 
the current and future transportation needs along the entire I-229 corridor. Sub-Study #4 assesses 
existing and future conditions along the Benson Road Corridor, which includes a combination of 
interchange concepts and corridor concepts (the Project).  Three (3) Build Alternatives were 
evaluated as part of Sub-Study #4. 

On behalf of SDDOT, and as part of the environmental documentation, HDR Engineering, Inc. 
(HDR) performed a traffic noise analysis along the Benson Road corridor’s area of influence for the 
proposed improvements. 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 
the “Build” alternatives. If applicable, traffic noise impacts were identified in accordance with 
SDDOT Noise Analysis and Abatement Guidance (July 13, 2011). In areas where future noise 
levels exceed state and federal criteria, the conceptual feasibility of noise mitigation options is 
discussed if warranted. 

Noise sensitive receptors are not located within the Sub-Study #4 Corridor; therefore, noise 
modeling at discrete, individual noise receptors was not warranted.  To assist local officials within 
whose jurisdiction a Type I highway project is located, SDDOT will provide information on future 
noise levels for each Activity Category located along the project.  This is accomplished by 
providing a copy of the noise analysis report to the local official.  The local official will also be 
provided with an estimation of future noise levels at various distances from the highway (Appendix 
B Noise Contours). 
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1. Introduction 
The South Dakota Department of Transportation (SDDOT) initiated this study in order to 
address the current and future transportation needs along the entire I-229 corridor. Sub-Study 
#4 assesses existing and future conditions along the Benson Road Corridor, which includes a 
combination of interchange concepts and corridor concepts (the Project).  Three (3) Build 
Alternatives were evaluated as part of Sub-Study #4.  Figure 1 shows the project area. 

The study fulfills the following objectives: 

1. Complete a traffic level of service analysis for both existing and future (2035) conditions 
on the I-229 mainline, select interchanges and crossroads. 

2. Complete a safety analysis of I-229 mainline, interchanges and crossroads. 
3. Identify locations on I-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 I-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 which will guide the Department in the 
implementation of recommended improvements that will maximize the efficiency of the 
system. 

Three (3) Build Alternatives were evaluated as part of Sub-Study #4.   

1. 1A: 2-Lane Northeast Quadrant Loop with 3-Lane SB On-Ramp 
2. 1B: 2-Lane Northeast Quadrant Loop with 2-Lane SB On-Ramp 
3. 4: Diverging Diamond Interchange 

HDR Engineering, Inc. (HDR) performed a highway traffic noise analysis for SDDOT in support 
of the Project, as part of the environmental documentation. The analysis is based on the 
SDDOT Noise Analysis and Abatement Guidance (July 13, 2011). Results of the analysis are 
presented in this report.  
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2. Nature of Noise 
Noise is defined as unwanted or excessive sound. Sound becomes unwanted when it interferes 
with normal activities, such as sleep, work, speech, or recreation. Vehicle noise is a combination 
of the noise produced by the engine, exhaust, and tires. Noise levels from highway traffic are 
affected by three factors: (1) the volume of the traffic, (2) the speed of the traffic, and (3) the 
number of trucks in the flow of traffic. Generally, traffic noise increases commensurate with 
these three factors.  

Noise is measured in decibels (dB) – a logarithmic scale. Because human hearing is not equally 
sensitive to all frequencies of sound, certain frequencies are given more “weight.” The A-
weighted scale corresponds to the sensitivity range for human hearing. Therefore, noise levels 
are measured in dBA, the A-weighted sound level in decibels. When noise levels change 3-dBA, 
the change is considered barely perceptible to human hearing. However, a 5-dBA change in 
noise level is clearly noticeable. A 10-dBA change in noise levels is perceived as a doubling or 
halving of noise loudness, while a 20-dBA change is considered a dramatic change in loudness. 
Table 1 shows noise levels associated with common, everyday sources and helps the reader 
more fully understand the magnitude of noise levels discussed in this report. 

 

Table 1: Common Noise Sources and Levels 

Sound Pressure Level (dB) Typical Sources 
120 Jet aircraft takeoff at 100 feet 
110 Same aircraft at 400 feet 
90 Motorcycle at 400 feet 
80 Garbage disposal 
70 City street corner 
60 Conversational speech 
50 Typical office 
40 Living room (without TV) 
30 Quiet bedroom at night 

Source: Environmental Impact Assessment Handbook, ed. by Rau and Wooten, 1980 
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Figure 1: Project Location 
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3. SDDOT Noise Analysis and Abatement Guidance 
The updated (July 13, 2011) SDDOT Noise Analysis and Abatement Guidance (Guidance), upon 
which this analysis is based, 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. 

The Guidance contains noise abatement criteria that are based on the Leq(h), which is used to 
analyze traffic noise levels and identify noise impacts. The Leq is defined as the equivalent, 
steady-state sound level that, in a stated period of time, contains the same acoustic energy as the 
time-varying sound level during the same period. Therefore, for the purposes of this analysis, Leq 
can be considered the average sound level and Leq(h) can be considered the average sound level 
occurring over a one-hour time period. It is representative of the overall (average) traffic-generated 
noise level expressed on an hourly basis. 

Land uses are assigned to an activity category based on the type of activities occurring in each 
area (i.e. picnic areas, churches, commercial land, and undeveloped land). Activity Categories are 
then ordered based on their sensitivity to traffic noise levels. NAC are assigned to each Activity 
Category. These NAC represent the maximum traffic noise levels that allow uninterrupted land use 
within each Activity Category. Table 2 summarizes noise abatement criteria corresponding to 
various land use activity categories. Activity categories and related traffic noise impacts are 
determined based on the actual land use in a given area. 

  



 
SDDOT | Noise Study Technical Report 
NOISE PREDICTION METHOD 

 
 

 
 8   |   July 2016 
  

Table 2: Noise Abatement Criteria 

23 CFR 772 Noise Abatement Criteria 
[Hourly A-Weighted Sound Level, decibels (dBA)] 

Activity 
Category 

Leq(h) Evaluation 
Location 

Activity  
Description 

A 57 Exterior Lands on which serenity and quiet are of extraordinary 
significance and serve as an important public need and where 
the preservation of those qualities is essential if the area is to 
continue to serve its intended purpose. 

B 67 Exterior Residential 
C 67 Exterior Active sports areas, amphitheaters, auditoriums, campgrounds, 

cemeteries, day care centers, hospitals, libraries, medical 
facilities, parks, picnic areas, places of worship, playgrounds, 
public 
meeting rooms, public or nonprofit institutional structures, radio 
studios, recording studios, recreation areas, Section 4(f) sites, 
schools 
television studios, trails and trail crossings 

D 52 Interior Auditoriums, day care centers, hospitals, libraries, medical 
facilities, places of worship, public meeting rooms, public or 
nonprofit institutional structures, radio studios, recordings studios, 
schools, and television studios. 

E 72 Exterior Hotels, motels, office, restaurant/bars, and other developed 
lands, properties or activities not included in A-D or F. 

F -- -- Agriculture, airports, bus yards, emergency services, industrial, 
logging, maintenance facilities, manufacturing, mining, rail yards, 
retail facilities, shipyards, utilities (water resources, water 
treatment, electrical) and warehousing 

G -- -- Undeveloped lands that are not permitted 
 
Highway traffic noise impacts occur when the predicted traffic noise levels for the design year 
approach (reach 1 decibel less than) or equal/exceed the NAC contained in 23 CFR 772 (Table 2), 
or when the predicted traffic noise levels substantially exceed the existing noise levels by 15 dBA, 
even though the predicted levels may not exceed the NAC. 

4. Noise Prediction Method 
Traffic noise levels were determined by using the FHWA Traffic Noise Model (TNM), Version 2.5. 
Basic model inputs are: 

• Preliminary project concept and geometry 
• 2035 traffic volumes in the Project Area (Appendix A) 
• The operational speed for I-229: 65 miles per hour (mph); arterial streets: 40 mph 

The traffic volume used for this analysis is the AM Peak Hourly Volume (PHV) traffic. Traffic was 
provided in a February 2015 HDR Technical Memo.  Traffic volumes for the future “Build” condition 
were assumed to be the same as the future “No-Build” volumes. 
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5. Adjacent Land Use 
The I-229 Benson Road corridor is located east of I-29 in the Sioux Falls metropolitan area.  The 
Benson Road Corridor study limits include an approximately 2 mile section of Benson Road from 
North Cliff Avenue to North Sycamore Avenue and an approximately 1.1 mile section of I-229. 

Land use immediately adjacent to this Project is a combination of commercial/retail and industrial.  
No exterior areas of frequent human use are present at the commercial/retail and industrial 
locations; therefore, no further noise analysis is required.  Figures located in Appendix B provide 
an aerial view of the project area. 

6. Model Validation 
Existing traffic noise levels were measured in the field and then compared against computer 
modeling results to verify the accuracy of the computer model. When modeled and measured 
levels are within + or – 3 dBA of one another, this indicates that the model is within the accepted 
level of accuracy. 

6.1. Field Testing Procedure 
On November 2, 2015, HDR staff measured traffic noise levels at representative sites throughout 
the project corridor. Traffic noise measurements were conducted in accordance with the FHWA-
PD-96-046 Measurement of Highway Related Noise (May 1996). The average meteorological 
conditions were reported as shown in Table 3 below. 

Table 3: Meteorological Conditions 

Temperature ≅ 61 °F 
Humidity ≅ 62% 
Wind < 12 mph 
Conditions Partly Cloudy 
Barometric Pressure ≅ 29.81 inches 

6.2. Instrumentation 
Traffic noise monitoring was conducted using a Larson Davis 824 Sound Level Meter (SLM). Table 
4 summarizes the instruments used to collect the data for this noise analysis report. 
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Table 4: Noise Analysis Instrumentation Summary 

Instrument Make Model Serial Number 
Sound Analyzer 1 Larson Davis 824 824A2636 
Calibrator Larson Davis CAL200 3722 

6.3. Field Measurement Methods 
The SLM was programmed to compute the Leq(h). The following procedures were used for noise 
monitoring: 

• The duration of the Leq(h) measurements was 15 minutes. 
• The SLM was calibrated before and after monitoring. No significant calibration drifts were 

detected. 
• The microphone was mounted on a tripod 5 feet above the ground. 
• The microphone was covered with a windscreen. 

6.4. Field Measurement Locations 
Table 5 describes the location of the validation site in the project corridor. 

Table 5: Noise Validation Location Summary 

Measurement Location Description 
B ≈ 42’ north of E Benson Road 
C ≈ 195’ west of I-229 

 
The validation locations are shown in Appendix B, and are within 195 feet of the nearest roadway 
outside lane. 

6.5. Model Validation Results 
The measured and modeled noise levels for each of the monitoring sites selected along the project 
corridor are presented in Table 6. Each set of predicted and measured data was found to be within 
the acceptable + or – 3 dBA tolerance; therefore, the model is considered to be validated. 

Table 6: Model Validation Results 

Measurement 
Location 

Leq(h)(dBA) 
Measured Modeled Difference 

B 65.8 65.1 -0.7 
C 63.8 61.1 -2.7 

7. Traffic Noise Prediction 
Noise sensitive receptors are not located within the Sub-Study #4 Corridor; therefore, noise 
modeling at discrete, individual noise receptors was not warranted. 
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8. Noise Impact Analysis 
Noise abatement measures are considered when predicted traffic noise levels approach or exceed 
the NAC, or when the predicted traffic noise levels substantially exceed existing noise levels. As 
discussed previously in the report, noise sensitive receptors are not located within the Sub-Study 
#4 Corridor; therefore, noise modeling at discrete, individual noise receptors was not warranted 
and a noise impact analysis is not required. 

9. Construction Noise and Vibration 
Construction of the Project would result in temporary noise and vibration increases within the 
Project area. The evaluation and control of construction noise and vibration must be considered 
along with traffic noise. This Project is bordered by commercial and residential receptors for which 
impacts from construction noise and vibration are a concern. 

The following are basic categories for mitigation measures for construction noise. Due to the 
interrelatedness of construction noise and vibration, some of these measures will also apply for 
vibration resulting from construction activities. 

Design Considerations:  Design considerations include measures in the plans and specifications to 
minimize or eliminate adverse impacts. The proposed changes and their proximity to noise 
sensitive receptors were considered during design. 

Community Awareness: It is important for people to be made aware of the possible inconvenience 
construction can cause, and to know its approximate duration so they can plan their activities 
accordingly. It is SDDOT’s policy to submit such Project information to all local news media. 

Source Control: Source control involves reducing noise impacts from construction by controlling 
the noise emissions at their source. This can be accomplished by specifying proper muffler 
systems, either as a requirement in the plans and specifications on this Project or through an 
established local noise ordinance requiring mufflers. Contractors generally maintain proper muffler 
systems on their equipment to ensure efficient operation and to minimize noise for the benefit of 
their own personnel as well as the adjacent receptors. 

Site Control: Site control involves the specification of certain areas where extra precautions should 
be taken to minimize construction noise. One way to reduce construction noise impacts at sensitive 
receptors is to operate stationary equipment, such as air compressors or generators, as far away 
from the sensitive receptors as possible. Another method might be placing a temporary noise 
barrier in front of the equipment. As a general rule, good coordination between the project 
engineer, the contractor and the affected receptors is less confusing, less likely to increase the 
cost of the project ,and provides a more personal approach to work out ways to minimize 
construction noise impacts in the more noise-sensitive areas. 

Time and Activity Constraints: Limiting working hours on a construction site can be very beneficial 
during the hours of sleep or on Sundays and holidays. However, most construction activities do not 
occur at night and usually not on Sundays. Exceptions due to weather, schedule, and time-related 
phases of construction could occur. Enforcement of such constraints could be handled through a 
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general city or county ordinance, either listing the exceptions or granting them on a case-by-case 
basis. 

10. Information for Local Officials 
Local officials will be provided with information on noise compatible planning techniques that can 
be used to prevent future highway traffic noise impacts.  To assist local officials within whose 
jurisdiction a Type I highway project is located, SDDOT will provide information on future noise 
levels for each Activity Category located along the project.  This is accomplished by providing a 
copy of the noise analysis report to the local official.  The local official will also be provided with an 
estimation of future noise levels at various distances from the highway (Appendix B Noise 
Contours). 

11. Conclusion 
Noise sensitive receptors are not located within the Sub-Study #4 Corridor; therefore, noise 
modeling at discrete, individual noise receptors was not warranted. Local officials will be provided 
with an estimation of future noise levels at various distances from the highway (Appendix B Noise 
Contours) to assist with noise compatible future planning. 

12. References 
South Dakota Department of Transportation, “Noise Analysis and Abatement Guidance,” July 13, 

2011. 

Federal Highway Administration (FHWA), “Procedures for Abatement of Highway Traffic Noise and 
Construction Noise,” July 13, 2011. 

Methods for evaluation and control of construction noise were taken from the FHWA Special 
Report – “Highway Construction Noise: Measurement, Prediction and Mitigation.” 
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Traffic Volumes 
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SS4 BUILD 1a (2035) TRAFFIC 

Roadway Segment 
Speed 
Limit 
(mph) 

AM 
PHV 

VEHICLE MIX BUILD (2035) AM PEAK HOUR TRAFFIC 

Autos MT HT Buses MC's Autos MT HT Buses MC's 
 NB229 RiceonR2BensonoffR (outside) 65 987 93.28% 0.00% 6.72% 0.00% 0.00% 921 0 66 0 0 
 NB229 RiceonR2BensonoffR (middle) 65 987 93.28% 0.00% 6.72% 0.00% 0.00% 921 0 66 0 0 
 NB229 RiceonR2BensonoffR (inside) 65 987 93.28% 0.00% 6.72% 0.00% 0.00% 921 0 66 0 0 
 NB229 btn Benson Rd ramps (outside) 65 650 93.28% 0.00% 6.72% 0.00% 0.00% 606 0 44 0 0 
 NB229 btn Benson Rd ramps (inside) 65 650 93.28% 0.00% 6.72% 0.00% 0.00% 606 0 44 0 0 
 NB229 BensononR2I90offR (outside) 65 705 91.55% 0.00% 8.45% 0.00% 0.00% 645 0 60 0 0 
 NB229 BensononR2I90offR (inside) 65 705 91.55% 0.00% 8.45% 0.00% 0.00% 645 0 60 0 0 
 SB229 I90onR2BensonoffR (outside) 65 905 91.55% 0.00% 8.45% 0.00% 0.00% 829 0 76 0 0 
 SB229 I90onR2BensonoffR (inside) 65 905 91.55% 0.00% 8.45% 0.00% 0.00% 829 0 76 0 0 
 SB229 btn Benson ramps (outside) 65 795 91.55% 0.00% 8.45% 0.00% 0.00% 728 0 67 0 0 
 SB229 btn Benson ramps (inside) 65 795 91.55% 0.00% 8.45% 0.00% 0.00% 728 0 67 0 0 
 SB229 BensononR2RiceoffR (outside) 65 747 93.28% 0.00% 6.72% 0.00% 0.00% 697 0 50 0 0 
 SB229 BensononR2RiceoffR (middle) 65 747 93.28% 0.00% 6.72% 0.00% 0.00% 697 0 50 0 0 
 SB229 BensononR2RiceoffR (inside) 65 747 93.28% 0.00% 6.72% 0.00% 0.00% 697 0 50 0 0 
 OFFR from NB229 to EB90 Street 65 1015 93.28% 0.00% 6.72% 0.00% 0.00% 947 0 68 0 0 
 ONR from EB90 to SB229 65 1015 93.28% 0.00% 6.72% 0.00% 0.00% 947 0 68 0 0 
 EBBenson to Cliff Ave (outside) 40 355 95.14% 2.62% 2.24% 0.00% 0.00% 338 9 8 0 0 
 EBBenson to Cliff Ave (inside) 40 355 95.14% 2.62% 2.24% 0.00% 0.00% 338 9 8 0 0 
 EBBenson Cliff to Lewis (outside1) 40 455 95.14% 2.62% 2.24% 0.00% 0.00% 433 12 10 0 0 
 EBBenson Cliff to Lewis (inside1) 40 455 95.14% 2.62% 2.24% 0.00% 0.00% 433 12 10 0 0 
 EBBenson Cliff to Lewis (outside2) 40 303 95.14% 2.62% 2.24% 0.00% 0.00% 289 8 7 0 0 
 EBBenson Cliff to Lewis (middle2) 40 303 95.14% 2.62% 2.24% 0.00% 0.00% 289 8 7 0 0 
 EBBenson Cliff to Lewis (in2) 40 303 95.14% 2.62% 2.24% 0.00% 0.00% 289 8 7 0 0 
 EBBenson Lewis to Potsdam (outside) 40 273 95.14% 2.62% 2.24% 0.00% 0.00% 260 7 6 0 0 
 EBBenson Lewis to Potsdam (middle) 40 273 95.14% 2.62% 2.24% 0.00% 0.00% 260 7 6 0 0 
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SS4 BUILD 1a (2035) TRAFFIC 

Roadway Segment 
Speed 
Limit 
(mph) 

AM 
PHV 

VEHICLE MIX BUILD (2035) AM PEAK HOUR TRAFFIC 

Autos MT HT Buses MC's Autos MT HT Buses MC's 
 EBBenson Lewis to Potsdam (inside) 40 273 95.14% 2.62% 2.24% 0.00% 0.00% 260 7 6 0 0 
 EBBenson Potsdam to ramps (outside) 40 280 95.14% 2.62% 2.24% 0.00% 0.00% 266 7 6 0 0 
 EBBenson Potsdam to ramps (middle) 40 280 95.14% 2.62% 2.24% 0.00% 0.00% 266 7 6 0 0 
 EBBenson Potsdam to ramps (inside) 40 280 95.14% 2.62% 2.24% 0.00% 0.00% 266 7 6 0 0 
 EBBenson between ramps (outside) 40 275 95.14% 2.62% 2.24% 0.00% 0.00% 262 7 6 0 0 
 EBBenson between ramps (inside) 40 275 95.14% 2.62% 2.24% 0.00% 0.00% 262 7 6 0 0 
 EBBenson ramps to Hall (outside) 40 275 95.14% 2.62% 2.24% 0.00% 0.00% 262 7 6 0 0 
 EBBenson ramps to Hall (inside) 40 275 95.14% 2.62% 2.24% 0.00% 0.00% 262 7 6 0 0 
 EBBenson Hall to Sycamore (outside) 40 260 95.14% 2.62% 2.24% 0.00% 0.00% 247 7 6 0 0 
 EBBenson Hall to Sycamore (inside) 40 260 95.14% 2.62% 2.24% 0.00% 0.00% 247 7 6 0 0 
 WBBenson Sycamore to Hall (outside) 40 700 95.14% 2.62% 2.24% 0.00% 0.00% 666 18 16 0 0 
 WBBenson Sycamore to Hall (inside) 40 700 95.14% 2.62% 2.24% 0.00% 0.00% 666 18 16 0 0 
 WBBenson Hall to ramps (outside) 40 690 95.14% 2.62% 2.24% 0.00% 0.00% 656 18 15 0 0 
 WBBenson Hall to ramps (inside) 40 690 95.14% 2.62% 2.24% 0.00% 0.00% 656 18 15 0 0 
 WBBenson btn ramps (outside) 40 1465 95.14% 2.62% 2.24% 0.00% 0.00% 1394 38 33 0 0 
 WBBenson btn ramps (inside) 40 1465 95.14% 2.62% 2.24% 0.00% 0.00% 1394 38 33 0 0 
 WBBenson ramps to Potsdam (outside) 40 930 95.14% 2.62% 2.24% 0.00% 0.00% 885 24 21 0 0 
 WBBenson ramps to Potsdam (middle) 40 930 95.14% 2.62% 2.24% 0.00% 0.00% 885 24 21 0 0 
 WBBenson ramps to Potsdam (inside) 40 930 95.14% 2.62% 2.24% 0.00% 0.00% 885 24 21 0 0 
 WBBenson Potsdam to Lewis (outside) 40 633 95.14% 2.62% 2.24% 0.00% 0.00% 603 17 14 0 0 
 WBBenson Potsdam to Lewis (middle) 40 633 95.14% 2.62% 2.24% 0.00% 0.00% 603 17 14 0 0 
 WBBenson Potsdam to Lewis (inside) 40 633 95.14% 2.62% 2.24% 0.00% 0.00% 603 17 14 0 0 
 WBBenson Lewis to Cliff (outside) 40 825 95.14% 2.62% 2.24% 0.00% 0.00% 785 22 18 0 0 
 WBBenson Lewis to Cliff (inside) 40 825 95.14% 2.62% 2.24% 0.00% 0.00% 785 22 18 0 0 
 WBBenson west of Cliff (outside) 40 790 95.14% 2.62% 2.24% 0.00% 0.00% 752 21 18 0 0 
 WBBenson west of Cliff (inside) 40 790 95.14% 2.62% 2.24% 0.00% 0.00% 752 21 18 0 0 
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SS4 BUILD 1a (2035) TRAFFIC 

Roadway Segment 
Speed 
Limit 
(mph) 

AM 
PHV 

VEHICLE MIX BUILD (2035) AM PEAK HOUR TRAFFIC 

Autos MT HT Buses MC's Autos MT HT Buses MC's 
 Benson Turning Lane (no traffic) 1   -- 95.14% 2.62% 2.24% 0.00% 0.00% #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 
 Benson Turning Lane (no traffic) 2   -- 95.14% 2.62% 2.24% 0.00% 0.00% #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 
 Benson Turning Lane (no traffic) 3   -- 95.14% 2.62% 2.24% 0.00% 0.00% #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 
 Benson Turning Lane (no traffic) 4   -- 95.14% 2.62% 2.24% 0.00% 0.00% #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 
 Benson Turning Lane (no traffic) 5   -- 95.14% 2.62% 2.24% 0.00% 0.00% #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 
 Benson Turning Lane (no traffic) 6   -- 95.14% 2.62% 2.24% 0.00% 0.00% #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 
 NB off-ramp (outside) 40 800 95.14% 2.62% 2.24% 0.00% 0.00% 761 21 18 0 0 
 NB off-ramp (inside) 40 800 95.14% 2.62% 2.24% 0.00% 0.00% 761 21 18 0 0 
 NB off-ramp to WB Benson (outside) 40 790 95.14% 2.62% 2.24% 0.00% 0.00% 752 21 18 0 0 
 NB off-ramp to WB Benson (inside) 40 790 95.14% 2.62% 2.24% 0.00% 0.00% 752 21 18 0 0 
 NB off-ramp to EB Benson 40 80 95.14% 2.62% 2.24% 0.00% 0.00% 76 2 2 0 0 
 NB on-ramp from Benson 40 110 95.14% 2.62% 2.24% 0.00% 0.00% 105 3 2 0 0 
 SB off-ramp to Benson 40 220 95.14% 2.62% 2.24% 0.00% 0.00% 209 6 5 0 0 
 SB on-ramp from Benson (outside)1 40 217 95.14% 2.62% 2.24% 0.00% 0.00% 206 6 5 0 0 
 SB on-ramp from Benson (middle)1 40 217 95.14% 2.62% 2.24% 0.00% 0.00% 206 6 5 0 0 
 SB on-ramp from Benson (inside)1 40 217 95.14% 2.62% 2.24% 0.00% 0.00% 206 6 5 0 0 
 SB on-ramp from Benson (outside)2 40 325 95.14% 2.62% 2.24% 0.00% 0.00% 309 9 7 0 0 
 SB on-ramp from Benson (inside)2 40 325 95.14% 2.62% 2.24% 0.00% 0.00% 309 9 7 0 0 

  



 
SDDOT | Noise Study Technical Report 
APPENDIX A 

 
 

 
 17   |   July 2016 
  

 

SS4 BUILD 1b (2035) TRAFFIC 

Roadway Segment 
Speed 
Limit 
(mph) 

AM 
PHV 

VEHICLE MIX BUILD (2035) AM PEAK HOUR TRAFFIC 

Autos MT HT Buses MC's Autos MT HT Buses MC's 
 NB229 RiceonR2BensonoffR (outside) 65 987 93.28% 0.00% 6.72% 0.00% 0.00% 921 0 66 0 0 
 NB229 RiceonR2BensonoffR (middle) 65 987 93.28% 0.00% 6.72% 0.00% 0.00% 921 0 66 0 0 
 NB229 RiceonR2BensonoffR (inside) 65 987 93.28% 0.00% 6.72% 0.00% 0.00% 921 0 66 0 0 
 NB229 btn Benson Rd ramps (outside) 65 650 93.28% 0.00% 6.72% 0.00% 0.00% 606 0 44 0 0 
 NB229 btn Benson Rd ramps (inside) 65 650 93.28% 0.00% 6.72% 0.00% 0.00% 606 0 44 0 0 
 NB229 BensononR2I90offR (outside) 65 705 91.55% 0.00% 8.45% 0.00% 0.00% 645 0 60 0 0 
 NB229 BensononR2I90offR (inside) 65 705 91.55% 0.00% 8.45% 0.00% 0.00% 645 0 60 0 0 
 SB229 I90onR2BensonoffR (outside) 65 905 91.55% 0.00% 8.45% 0.00% 0.00% 829 0 76 0 0 
 SB229 I90onR2BensonoffR (inside) 65 905 91.55% 0.00% 8.45% 0.00% 0.00% 829 0 76 0 0 
 SB229 btn Benson ramps (outside) 65 795 91.55% 0.00% 8.45% 0.00% 0.00% 728 0 67 0 0 
 SB229 btn Benson ramps (inside) 65 795 91.55% 0.00% 8.45% 0.00% 0.00% 728 0 67 0 0 
 SB229 BensononR2RiceoffR (outside) 65 747 93.28% 0.00% 6.72% 0.00% 0.00% 697 0 50 0 0 
 SB229 BensononR2RiceoffR (middle) 65 747 93.28% 0.00% 6.72% 0.00% 0.00% 697 0 50 0 0 
 SB229 BensononR2RiceoffR (inside) 65 747 93.28% 0.00% 6.72% 0.00% 0.00% 697 0 50 0 0 
 OFFR from NB229 to EB90 Street 65 1015 93.28% 0.00% 6.72% 0.00% 0.00% 947 0 68 0 0 
 ONR from EB90 to SB229 65 1015 93.28% 0.00% 6.72% 0.00% 0.00% 947 0 68 0 0 
 EBBenson to Cliff Ave (outside) 40 355 95.14% 2.62% 2.24% 0.00% 0.00% 338 9 8 0 0 
 EBBenson to Cliff Ave (inside) 40 355 95.14% 2.62% 2.24% 0.00% 0.00% 338 9 8 0 0 
 EBBenson Cliff to Lewis (outside1) 40 455 95.14% 2.62% 2.24% 0.00% 0.00% 433 12 10 0 0 
 EBBenson Cliff to Lewis (inside1) 40 455 95.14% 2.62% 2.24% 0.00% 0.00% 433 12 10 0 0 
 EBBenson Cliff to Lewis (outside2) 40 303 95.14% 2.62% 2.24% 0.00% 0.00% 289 8 7 0 0 
 EBBenson Cliff to Lewis (middle2) 40 303 95.14% 2.62% 2.24% 0.00% 0.00% 289 8 7 0 0 
 EBBenson Cliff to Lewis (in2) 40 303 95.14% 2.62% 2.24% 0.00% 0.00% 289 8 7 0 0 
 EBBenson Lewis to Potsdam (outside) 40 273 95.14% 2.62% 2.24% 0.00% 0.00% 260 7 6 0 0 
 EBBenson Lewis to Potsdam (middle) 40 273 95.14% 2.62% 2.24% 0.00% 0.00% 260 7 6 0 0 
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SS4 BUILD 1b (2035) TRAFFIC 

Roadway Segment 
Speed 
Limit 
(mph) 

AM 
PHV 

VEHICLE MIX BUILD (2035) AM PEAK HOUR TRAFFIC 

Autos MT HT Buses MC's Autos MT HT Buses MC's 
 EBBenson Lewis to Potsdam (inside) 40 273 95.14% 2.62% 2.24% 0.00% 0.00% 260 7 6 0 0 
 EBBenson Potsdam to ramps (outside) 40 280 95.14% 2.62% 2.24% 0.00% 0.00% 266 7 6 0 0 
 EBBenson Potsdam to ramps (middle) 40 280 95.14% 2.62% 2.24% 0.00% 0.00% 266 7 6 0 0 
 EBBenson Potsdam to ramps (inside) 40 280 95.14% 2.62% 2.24% 0.00% 0.00% 266 7 6 0 0 
 EBBenson between ramps (outside) 40 275 95.14% 2.62% 2.24% 0.00% 0.00% 262 7 6 0 0 
 EBBenson between ramps (inside) 40 275 95.14% 2.62% 2.24% 0.00% 0.00% 262 7 6 0 0 
 EBBenson ramps to Hall (outside) 40 275 95.14% 2.62% 2.24% 0.00% 0.00% 262 7 6 0 0 
 EBBenson ramps to Hall (inside) 40 275 95.14% 2.62% 2.24% 0.00% 0.00% 262 7 6 0 0 
 EBBenson Hall to Sycamore (outside) 40 260 95.14% 2.62% 2.24% 0.00% 0.00% 247 7 6 0 0 
 EBBenson Hall to Sycamore (inside) 40 260 95.14% 2.62% 2.24% 0.00% 0.00% 247 7 6 0 0 
 WBBenson Sycamore to Hall (outside) 40 700 95.14% 2.62% 2.24% 0.00% 0.00% 666 18 16 0 0 
 WBBenson Sycamore to Hall (inside) 40 700 95.14% 2.62% 2.24% 0.00% 0.00% 666 18 16 0 0 
 WBBenson Hall to ramps (outside) 40 690 95.14% 2.62% 2.24% 0.00% 0.00% 656 18 15 0 0 
 WBBenson Hall to ramps (inside) 40 690 95.14% 2.62% 2.24% 0.00% 0.00% 656 18 15 0 0 
 WBBenson btn ramps (outside) 40 1465 95.14% 2.62% 2.24% 0.00% 0.00% 1394 38 33 0 0 
 WBBenson btn ramps (inside) 40 1465 95.14% 2.62% 2.24% 0.00% 0.00% 1394 38 33 0 0 
 WBBenson ramps to Potsdam (outside) 40 930 95.14% 2.62% 2.24% 0.00% 0.00% 885 24 21 0 0 
 WBBenson ramps to Potsdam (middle) 40 930 95.14% 2.62% 2.24% 0.00% 0.00% 885 24 21 0 0 
 WBBenson ramps to Potsdam (inside) 40 930 95.14% 2.62% 2.24% 0.00% 0.00% 885 24 21 0 0 
 WBBenson Potsdam to Lewis (outside) 40 633 95.14% 2.62% 2.24% 0.00% 0.00% 603 17 14 0 0 
 WBBenson Potsdam to Lewis (middle) 40 633 95.14% 2.62% 2.24% 0.00% 0.00% 603 17 14 0 0 
 WBBenson Potsdam to Lewis (inside) 40 633 95.14% 2.62% 2.24% 0.00% 0.00% 603 17 14 0 0 
 WBBenson Lewis to Cliff (outside) 40 825 95.14% 2.62% 2.24% 0.00% 0.00% 785 22 18 0 0 
 WBBenson Lewis to Cliff (inside) 40 825 95.14% 2.62% 2.24% 0.00% 0.00% 785 22 18 0 0 
 WBBenson west of Cliff (outside) 40 790 95.14% 2.62% 2.24% 0.00% 0.00% 752 21 18 0 0 
 WBBenson west of Cliff (inside) 40 790 95.14% 2.62% 2.24% 0.00% 0.00% 752 21 18 0 0 
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SS4 BUILD 1b (2035) TRAFFIC 

Roadway Segment 
Speed 
Limit 
(mph) 

AM 
PHV 

VEHICLE MIX BUILD (2035) AM PEAK HOUR TRAFFIC 

Autos MT HT Buses MC's Autos MT HT Buses MC's 
 Benson Turning Lane (no traffic) 1   -- 95.14% 2.62% 2.24% 0.00% 0.00% #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 
 Benson Turning Lane (no traffic) 2   -- 95.14% 2.62% 2.24% 0.00% 0.00% #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 
 Benson Turning Lane (no traffic) 3   -- 95.14% 2.62% 2.24% 0.00% 0.00% #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 
 Benson Turning Lane (no traffic) 4   -- 95.14% 2.62% 2.24% 0.00% 0.00% #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 
 Benson Turning Lane (no traffic) 5   -- 95.14% 2.62% 2.24% 0.00% 0.00% #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 
 Benson Turning Lane (no traffic) 6   -- 95.14% 2.62% 2.24% 0.00% 0.00% #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 
 NB off-ramp (outside) 40 800 95.14% 2.62% 2.24% 0.00% 0.00% 761 21 18 0 0 
 NB off-ramp (inside) 40 800 95.14% 2.62% 2.24% 0.00% 0.00% 761 21 18 0 0 
 NB off-ramp to WB Benson (outside) 40 790 95.14% 2.62% 2.24% 0.00% 0.00% 752 21 18 0 0 
 NB off-ramp to WB Benson (inside) 40 790 95.14% 2.62% 2.24% 0.00% 0.00% 752 21 18 0 0 
 NB off-ramp to EB Benson 40 80 95.14% 2.62% 2.24% 0.00% 0.00% 76 2 2 0 0 
 NB on-ramp from Benson 40 110 95.14% 2.62% 2.24% 0.00% 0.00% 105 3 2 0 0 
 SB off-ramp to Benson 40 220 95.14% 2.62% 2.24% 0.00% 0.00% 209 6 5 0 0 
 SB on-ramp from Benson (middle)1 40 325 95.14% 2.62% 2.24% 0.00% 0.00% 309 9 7 0 0 
 SB on-ramp from Benson (inside)1 40 325 95.14% 2.62% 2.24% 0.00% 0.00% 309 9 7 0 0 
 SB on-ramp from Benson (inside)2 40 650 95.14% 2.62% 2.24% 0.00% 0.00% 618 17 15 0 0 
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SS4 BUILD 4 (2035) TRAFFIC 

Roadway Segment 
Speed 
Limit 
(mph) 

AM 
PHV 

VEHICLE MIX BUILD (2035) AM PEAK HOUR TRAFFIC 

Autos MT HT Buses MC's Autos MT HT Buses MC's 
 NB229 RiceonR2BensonoffR (outside) 65 987 93.28% 0.00% 6.72% 0.00% 0.00% 921 0 66 0 0 
 NB229 RiceonR2BensonoffR (middle) 65 987 93.28% 0.00% 6.72% 0.00% 0.00% 921 0 66 0 0 
 NB229 RiceonR2BensonoffR (inside) 65 987 93.28% 0.00% 6.72% 0.00% 0.00% 921 0 66 0 0 
 NB229 btn Benson Rd ramps (outside) 65 650 93.28% 0.00% 6.72% 0.00% 0.00% 606 0 44 0 0 
 NB229 btn Benson Rd ramps (inside) 65 650 93.28% 0.00% 6.72% 0.00% 0.00% 606 0 44 0 0 
 NB229 BensononR2I90offR (outside) 65 705 91.55% 0.00% 8.45% 0.00% 0.00% 645 0 60 0 0 
 NB229 BensononR2I90offR (inside) 65 705 91.55% 0.00% 8.45% 0.00% 0.00% 645 0 60 0 0 
 SB229 I90onR2BensonoffR (outside) 65 905 91.55% 0.00% 8.45% 0.00% 0.00% 829 0 76 0 0 
 SB229 I90onR2BensonoffR (inside) 65 905 91.55% 0.00% 8.45% 0.00% 0.00% 829 0 76 0 0 
 SB229 btn Benson ramps (outside) 65 795 91.55% 0.00% 8.45% 0.00% 0.00% 728 0 67 0 0 
 SB229 btn Benson ramps (inside) 65 795 91.55% 0.00% 8.45% 0.00% 0.00% 728 0 67 0 0 
 SB229 BensononR2RiceoffR (outside) 65 747 93.28% 0.00% 6.72% 0.00% 0.00% 697 0 50 0 0 
 SB229 BensononR2RiceoffR (middle) 65 747 93.28% 0.00% 6.72% 0.00% 0.00% 697 0 50 0 0 
 SB229 BensononR2RiceoffR (inside) 65 747 93.28% 0.00% 6.72% 0.00% 0.00% 697 0 50 0 0 
 OFFR from NB229 to EB90 Street 65 1015 93.28% 0.00% 6.72% 0.00% 0.00% 947 0 68 0 0 
 ONR from EB90 to SB229 65 1015 93.28% 0.00% 6.72% 0.00% 0.00% 947 0 68 0 0 
 EBBenson to Cliff Ave (outside) 40 355 95.14% 2.62% 2.24% 0.00% 0.00% 338 9 8 0 0 
 EBBenson to Cliff Ave (inside) 40 355 95.14% 2.62% 2.24% 0.00% 0.00% 338 9 8 0 0 
 EBBenson Cliff to Lewis (outside1) 40 455 95.14% 2.62% 2.24% 0.00% 0.00% 433 12 10 0 0 
 EBBenson Cliff to Lewis (inside1) 40 455 95.14% 2.62% 2.24% 0.00% 0.00% 433 12 10 0 0 
 EBBenson Cliff to Lewis (outside2) 40 303 95.14% 2.62% 2.24% 0.00% 0.00% 289 8 7 0 0 
 EBBenson Cliff to Lewis (middle2) 40 303 95.14% 2.62% 2.24% 0.00% 0.00% 289 8 7 0 0 
 EBBenson Cliff to Lewis (in2) 40 303 95.14% 2.62% 2.24% 0.00% 0.00% 289 8 7 0 0 
 EBBenson Lewis to Potsdam (outside) 40 273 95.14% 2.62% 2.24% 0.00% 0.00% 260 7 6 0 0 
 EBBenson Lewis to Potsdam (middle) 40 273 95.14% 2.62% 2.24% 0.00% 0.00% 260 7 6 0 0 
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SS4 BUILD 4 (2035) TRAFFIC 

Roadway Segment 
Speed 
Limit 
(mph) 

AM 
PHV 

VEHICLE MIX BUILD (2035) AM PEAK HOUR TRAFFIC 

Autos MT HT Buses MC's Autos MT HT Buses MC's 
 EBBenson Lewis to Potsdam (inside) 40 273 95.14% 2.62% 2.24% 0.00% 0.00% 260 7 6 0 0 
 EBBenson Potsdam to ramps (outside) 40 280 95.14% 2.62% 2.24% 0.00% 0.00% 266 7 6 0 0 
 EBBenson Potsdam to ramps (middle) 40 280 95.14% 2.62% 2.24% 0.00% 0.00% 266 7 6 0 0 
 EBBenson Potsdam to ramps (inside) 40 280 95.14% 2.62% 2.24% 0.00% 0.00% 266 7 6 0 0 
EBBenson between ramps (outside)1 40 275 95.14% 2.62% 2.24% 0.00% 0.00% 262 7 6 0 0 
EBBenson between ramps (inside)1 40 275 95.14% 2.62% 2.24% 0.00% 0.00% 262 7 6 0 0 
EBBenson between ramps (outside)2 40 275 95.14% 2.62% 2.24% 0.00% 0.00% 262 7 6 0 0 
EBBenson between ramps (inside)2 40 275 95.14% 2.62% 2.24% 0.00% 0.00% 262 7 6 0 0 
 EBBenson ramps to Hall (outside) 40 275 95.14% 2.62% 2.24% 0.00% 0.00% 262 7 6 0 0 
 EBBenson ramps to Hall (inside) 40 275 95.14% 2.62% 2.24% 0.00% 0.00% 262 7 6 0 0 
 EBBenson Hall to Sycamore (outside) 40 260 95.14% 2.62% 2.24% 0.00% 0.00% 247 7 6 0 0 
 EBBenson Hall to Sycamore (inside) 40 260 95.14% 2.62% 2.24% 0.00% 0.00% 247 7 6 0 0 
 WBBenson Sycamore to Hall (outside) 40 700 95.14% 2.62% 2.24% 0.00% 0.00% 666 18 16 0 0 
 WBBenson Sycamore to Hall (inside) 40 700 95.14% 2.62% 2.24% 0.00% 0.00% 666 18 16 0 0 
WBBenson Hall to ramps (outside)1 40 690 95.14% 2.62% 2.24% 0.00% 0.00% 656 18 15 0 0 
WBBenson Hall to ramps (inside)1 40 690 95.14% 2.62% 2.24% 0.00% 0.00% 656 18 15 0 0 
WBBenson Hall to ramps (outside)2 40 460 95.14% 2.62% 2.24% 0.00% 0.00% 438 12 10 0 0 
WBBenson Hall to ramps (middle)2 40 460 95.14% 2.62% 2.24% 0.00% 0.00% 438 12 10 0 0 
WBBenson Hall to ramps (inside)2 40 460 95.14% 2.62% 2.24% 0.00% 0.00% 438 12 10 0 0 
WBBenson btn ramps (outside)1 40 977 95.14% 2.62% 2.24% 0.00% 0.00% 929 26 22 0 0 
WBBenson btn ramps (middle)1 40 977 95.14% 2.62% 2.24% 0.00% 0.00% 929 26 22 0 0 
WBBenson btn ramps (inside)1 40 977 95.14% 2.62% 2.24% 0.00% 0.00% 929 26 22 0 0 
WBBenson btn ramps (outside)2 40 733 95.14% 2.62% 2.24% 0.00% 0.00% 697 19 16 0 0 
WBBenson btn ramps (omiddle)2 40 733 95.14% 2.62% 2.24% 0.00% 0.00% 697 19 16 0 0 
WBBenson btn ramps (imiddle)2 40 733 95.14% 2.62% 2.24% 0.00% 0.00% 697 19 16 0 0 
WBBenson btn ramps (inside)2 40 733 95.14% 2.62% 2.24% 0.00% 0.00% 697 19 16 0 0 
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SS4 BUILD 4 (2035) TRAFFIC 

Roadway Segment 
Speed 
Limit 
(mph) 

AM 
PHV 

VEHICLE MIX BUILD (2035) AM PEAK HOUR TRAFFIC 

Autos MT HT Buses MC's Autos MT HT Buses MC's 
WBBenson ramps to Potsdam (outside)1 40 698 95.14% 2.62% 2.24% 0.00% 0.00% 664 18 16 0 0 
WBBenson ramps to Potsdam (omiddle)1 40 698 95.14% 2.62% 2.24% 0.00% 0.00% 664 18 16 0 0 
WBBenson ramps to Potsdam (imiddle)1 40 698 95.14% 2.62% 2.24% 0.00% 0.00% 664 18 16 0 0 
WBBenson ramps to Potsdam (inside)1 40 698 95.14% 2.62% 2.24% 0.00% 0.00% 664 18 16 0 0 
WBBenson ramps to Potsdam (outside)2 40 930 95.14% 2.62% 2.24% 0.00% 0.00% 885 24 21 0 0 
WBBenson ramps to Potsdam (middle)2 40 930 95.14% 2.62% 2.24% 0.00% 0.00% 885 24 21 0 0 
WBBenson ramps to Potsdam (inside)2 40 930 95.14% 2.62% 2.24% 0.00% 0.00% 885 24 21 0 0 
 WBBenson Potsdam to Lewis (outside) 40 633 95.14% 2.62% 2.24% 0.00% 0.00% 603 17 14 0 0 
 WBBenson Potsdam to Lewis (middle) 40 633 95.14% 2.62% 2.24% 0.00% 0.00% 603 17 14 0 0 
 WBBenson Potsdam to Lewis (inside) 40 633 95.14% 2.62% 2.24% 0.00% 0.00% 603 17 14 0 0 
 WBBenson Lewis to Cliff (outside) 40 825 95.14% 2.62% 2.24% 0.00% 0.00% 785 22 18 0 0 
 WBBenson Lewis to Cliff (inside) 40 825 95.14% 2.62% 2.24% 0.00% 0.00% 785 22 18 0 0 
 WBBenson west of Cliff (outside) 40 790 95.14% 2.62% 2.24% 0.00% 0.00% 752 21 18 0 0 
 WBBenson west of Cliff (inside) 40 790 95.14% 2.62% 2.24% 0.00% 0.00% 752 21 18 0 0 
 Benson Turning Lane (no traffic) 1   -- 95.14% 2.62% 2.24% 0.00% 0.00% #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 
 Benson Turning Lane (no traffic) 2   -- 95.14% 2.62% 2.24% 0.00% 0.00% #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 
 Benson Turning Lane (no traffic) 3   -- 95.14% 2.62% 2.24% 0.00% 0.00% #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 
 Benson Turning Lane (no traffic) 4   -- 95.14% 2.62% 2.24% 0.00% 0.00% #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 
 Benson Turning Lane (no traffic) 5   -- 95.14% 2.62% 2.24% 0.00% 0.00% #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 
 Benson Turning Lane (no traffic) 6   -- 95.14% 2.62% 2.24% 0.00% 0.00% #VALUE! #VALUE! #VALUE! #VALUE! #VALUE! 
 NB off-ramp 40 1660 95.14% 2.62% 2.24% 0.00% 0.00% 1579 43 37 0 0 
 NB off-ramp (outside)1 40 830 95.14% 2.62% 2.24% 0.00% 0.00% 790 22 19 0 0 
 NB off-ramp (inside)1 40 830 95.14% 2.62% 2.24% 0.00% 0.00% 790 22 19 0 0 
 NB off-ramp (outside)2 40 415 95.14% 2.62% 2.24% 0.00% 0.00% 395 11 9 0 0 
 NB off-ramp (omiddle)2 40 415 95.14% 2.62% 2.24% 0.00% 0.00% 395 11 9 0 0 
 NB off-ramp (imiddle)2 40 415 95.14% 2.62% 2.24% 0.00% 0.00% 395 11 9 0 0 
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SS4 BUILD 4 (2035) TRAFFIC 

Roadway Segment 
Speed 
Limit 
(mph) 

AM 
PHV 

VEHICLE MIX BUILD (2035) AM PEAK HOUR TRAFFIC 

Autos MT HT Buses MC's Autos MT HT Buses MC's 
 NB off-ramp (inside)2 40 415 95.14% 2.62% 2.24% 0.00% 0.00% 395 11 9 0 0 
 NB off-ramp (RT) 40 80 95.14% 2.62% 2.24% 0.00% 0.00% 76 2 2 0 0 
 NB off-ramp (LT out) 40 527 95.14% 2.62% 2.24% 0.00% 0.00% 501 14 12 0 0 
 NB off-ramp (LT middle) 40 527 95.14% 2.62% 2.24% 0.00% 0.00% 501 14 12 0 0 
 NB off-ramp (LT in) 40 527 95.14% 2.62% 2.24% 0.00% 0.00% 501 14 12 0 0 
 NB on-ramp from RT 40 30 95.14% 2.62% 2.24% 0.00% 0.00% 29 1 1 0 0 
 NB on-ramp from LT 40 80 95.14% 2.62% 2.24% 0.00% 0.00% 76 2 2 0 0 
 NB on-ramp (outside) 40 55 95.14% 2.62% 2.24% 0.00% 0.00% 52 1 1 0 0 
 NB on-ramp (inside) 40 55 95.14% 2.62% 2.24% 0.00% 0.00% 52 1 1 0 0 
 NB on-ramp 40 110 95.14% 2.62% 2.24% 0.00% 0.00% 105 3 2 0 0 
 SB off-ramp 40 220 95.14% 2.62% 2.24% 0.00% 0.00% 209 6 5 0 0 
 SB off-ramp (outside) 40 110 95.14% 2.62% 2.24% 0.00% 0.00% 105 3 2 0 0 
 SB off-ramp (inside) 40 110 95.14% 2.62% 2.24% 0.00% 0.00% 105 3 2 0 0 
 SB off-ramp (RT) 40 140 95.14% 2.62% 2.24% 0.00% 0.00% 133 4 3 0 0 
 SB off-ramp (LT) 40 80 95.14% 2.62% 2.24% 0.00% 0.00% 76 2 2 0 0 
 SB on-ramp (RT out) 40 185 95.14% 2.62% 2.24% 0.00% 0.00% 176 5 4 0 0 
 SB on-ramp (RT in) 40 185 95.14% 2.62% 2.24% 0.00% 0.00% 176 5 4 0 0 
 SB on-ramp (LT) 40 280 95.14% 2.62% 2.24% 0.00% 0.00% 266 7 6 0 0 
 SB on-ramp (out)1 40 217 95.14% 2.62% 2.24% 0.00% 0.00% 206 6 5 0 0 
 SB on-ramp (middle)1 40 217 95.14% 2.62% 2.24% 0.00% 0.00% 206 6 5 0 0 
 SB on-ramp (in)1 40 217 95.14% 2.62% 2.24% 0.00% 0.00% 206 6 5 0 0 
 SB on-ramp (out)2 40 325 95.14% 2.62% 2.24% 0.00% 0.00% 309 9 7 0 0 
 SB on-ramp (in)2 40 325 95.14% 2.62% 2.24% 0.00% 0.00% 309 9 7 0 0 
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Appendix H. Public Involvement 
The general public and public agencies were involved throughout the study process, with public 
meetings, landowner meetings, a website, and other techniques.  

Public meetings  
Public Meeting #1 
The first Public Open House was held on October 30th, 2013.  This meeting included an 
overview presentation describing the drivers of the I-229 Major Investment Corridor Study, types 
of findings the study will eventually result in, how to get/stay involved in the study, schedule, and 
next steps.  Meeting notes, sign-in sheets, public comments, and PowerPoint slides from this 
open house can be found in the APPENDIX. 

Public Meeting #2 
The second Public Open House meetings were held on June 1st and 2nd, 2015.  A presentation 
at the meeting provided a summary of study efforts to date, including the 2035 No-Build peak 
hour level of service results, conceptual ideas for I-229 mainline and interchange improvements 
and next steps in the study.  Meeting notes, sign-in sheets, public comments, and PowerPoint 
slides from this open house can be found in the APPENDIX. 

Cliff Avenue and Rice Street Public Meetings 
The Cliff Avenue and Rice Street crossroad corridors were originally a part of the I-229 Corridor 
Study.  During the development of the analysis of the potential concepts, it was determined to 
separate these corridors into their own sub-studies.  The first Public Open House for these two 
corridors was held on June 22nd, 2016.  A presentation at the meeting provided a summary of 
study efforts to date, including the 2035 No-Build peak hour level of service results, conceptual 
ideas for I-229 mainline and interchange improvements and next steps in the study.  Meeting 
notes, sign-in sheets, public comments, and PowerPoint slides from this open house can be 
found in the APPENDIX. 

Public Meeting #3 
The third Public Open House (and second for the Cliff Avenue and Rice Street crossroad 
corridors) was held on December 6th, 2016.  A presentation at the meeting provided a summary 
of study efforts to date, including the alternative scenario evaluation results, alternative 
scenarios recommended for further consideration.  Meeting notes, sign-in sheets, public 
comments, and PowerPoint slides from this open house can be found in the APPENDIX. 

Business/Landowner Group Meetings 
Business/landowner group meetings were held on the following dates for the following 
sub-studies: 

• I-229 Exit 3 (Minnesota Avenue) Crossroad Corridor Study 
o Stakeholder Meeting #1 – December 16th, 2014 
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o Stakeholder Meeting #2 – December 6th, 2016 

• I-229 Exit 4 (Cliff Avenue) Crossroad Corridor Study 
o Stakeholder Meeting #1 – June 22nd, 2016 
o Stakeholder Meeting #2 – December 5th, 2016 

• I-229 Exit 6 (10th Street) Crossroad Corridor Study 
o Stakeholder Meeting #1 – December 16th, 2014 
o Stakeholder Meeting #2 – December 5th, 2016 

• I-229 Exit 7 (Rice Street) Crossroad Corridor Study 
o Stakeholder Meeting #1 – June 22nd, 2016 
o Stakeholder Meeting #2 – December 6th, 2016 

• I-229 Exit 9 (Benson Road) Crossroad Corridor Study 
o Stakeholder Meeting #1 – December 15th, 2014 
o Stakeholder Meeting #2 – December 5th, 2016 

 

All of the meetings were designed to allow landowners within the study area to discuss specific 
issues regarding their properties with study staff.  In addition, several meetings were held with 
individual landowners where specific improvement options, and the associated impacts of those 
options, were discussed.  Meeting notes, sign-in sheets, public comments, and PowerPoint 
slides from all the meetings can be found in the APPENDIX. 

Study Advisory Team 
The Study Advisory Team, comprised of representatives of the Federal Highway Administration, 
South Dakota Department of Transportation, City of Sioux Falls, and the Sioux Falls 
Metropolitan Planning Organization, met periodically during the study to guide the study process 
and provide agency input.  Members of the Study Advisory Team are shown in TABLE 1. 

Table 1.  Study Advisory Team Members 
NAME AGENCY 
Shannon Ausen   City of Sioux Falls – Public Works 

Mike Behm SDDOT – Project Development 

Christina Bennett   SDDOT – Operations Support 

Jeff Brosz   SDDOT – Transportation Inventory Management 

Andy Vandel SDDOT – Project Development (Safety) 

Joel Gengler   SDDOT – Right of Way 

Amber Gibson   Sioux Falls MPO 

Kevin Goeden   SDDOT – Bridge Design 

Steve Gramm   SDDOT – Project Development (Planning) 

Heath Hoftiezer   City of Sioux Falls – Public Works 

Mark Hoines   FHWA 
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Dave Huft   SDDOT – Research 

Bruce Hunt   FHWA 

Scott Jansen   SDDOT – Mitchell Region 

Captain Alan Welsh   South Dakota Highway Patrol 

Ryan Kerkvliet Sioux Falls MPO – Citizens Advisory Committee 

Tom Lehmkuhl   SDDOT – Project Development (Environmental) 

Pete Longman   SDDOT – Road Design 

Ron McMahon   FHWA 

Paul Nikolas SDDOT – Road Design 

Brad Remmich   SDDOT – Project Development (Planning) 

Craig Smith SDDOT – Mitchell Region 

 

Website  
A study provided easy access to information and documents prepared as part of the study. The 
website address was: WWW.I229STUDY.COM 

 
The website provided project updates throughout the course of the study.   

http://www.i229study.com/
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The “Get Involved” page provided opportunity for website visitors to submit a project comment 
or question. 

 
The “Resources” page included links to relevant ongoing transportation studies in the area, as 
well as previously written documents referred to as part of the I-229 MIS. 

 



6300 S. Old Village Pl., Suite 100, Sioux Falls, SD 57108 
P 605-977-7740 

hdrinc.com 
 

5 
 

MPO Meetings 
The study team met with the Sioux Falls MPO in November 2013 and May 2015.  The meetings 
on November 13th and 14th, 2013 followed Public Meeting #1, and the meetings on May 20th and 
21st, 2015 followed Public Meeting #2.  The formal presentations given at these MPO meetings 
were the same meeting materials as discussed at the public meetings. 

 

 

 





































































































































































































































































































































































































































































































































































































































































































































































































































  

 

 

APPENDIX I -  
EXISTING ACCESS CONTROL FIGURES 
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