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Introduction

The intersection of Flammang Drive and San Marnan Drive has historically been a high crash
location in the City of Waterloo. In 2007, the intersection was ranked #101 on the Iowa DOT
Safety Improvement Candidate List. In order to evaluate safety concerns at this intersection, the
City of Waterloo applied for and received lowa DOT Traffic Safety Improvement Program funds

to install a video crash recording system and perform a traffic safety study of the intersection.
The location of the study intersection is shown in Figure 1.
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Figure 1 — Study Location Map

Existing Conditions

The study intersection is located within a major commercial area of the City, providing access to
Crossroads Mall, several “big box™ discount stores and area restaurants. San Marnan Drive is a
four-lane, divided minor arterial roadway carrying approximately 14,100 vehicles per day (vpd)

according to Towa DOT 2009 traffic count data. The speed limit on San Marnan Drive is 35
mph.

West of San Marnan Drive, Flammang Drive is two-lane local street that terminates at Hammond
Avenue. East of San Marnan Drive, Flammang Drive is four-lane, divided street that terminates
at Crossroads Boulevard. According to 2005 Iowa DOT Traffic count data, Flammang Drive

carries approximately 5,300 and 11,200 vpd west and east of San Marnan Drive, respectively.
The existing speed limit along Flammang Drive is 25 mph.
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Photo 1 — Looking West

The San Marnan Drive and Flammang Drive
signalized intersection operates with protected-
only left turn phasing on all approaches. Split
phase operation is provided for the Flammang
Drive approaches (eastbound followed by
westbound). A full movement STOP-
controlled frontage road is located approximate
120’ northwest of the San Marnan Drive
centerline. A right-in/ right-out only frontage
road  (Alexandra  Drive) is  located
approximately 130’ southeast of the San
Marnan Drive centerline. Intersection lane
configurations are shown in Figure 2.

Video Crash Recording System

Figure 2 — Intersection Lane Configurations

In order to improve understanding of intersection safety issues, a video crash recording system
was installed at the intersection. The system including two Pelco Spectera IV pan-tilt-zoom
cameras mounted on a wood pole in the east quadrant of the intersection and wireless
communications to the City of Waterloo Traffic Operation Center DVR. Each week, the
Waterloo Police Department provided a list of all motor vehicle incident calls at the intersection.
DVR recordings of crashes were then transferred to CD and hard drive. Crash videos were
recorded and saved from March 2007 through October 2009. The general location of the video
cameras and a photo of the camera installation are shown in Figures 3 and 4.

Flammang Dr & San Marnan Dr Traffic Safety Study
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Figure 3 - Camera Locations Figure 4 - Camera Installation Photo

Several potential camera locations were reviewed, considering view angles and coverage needs,
prior to selecting the installed location. After the crash recording period began, an on-site DVR
was also installed, due to lightning damage at a radio communications tower. Radio access to
the on-site DVR was provided.

Crash Analysis

Preliminary crash analysis included a review of 2001-2009 crash history data from the Iowa
DOT CMAT/SAVER crash database. As shown in Figure 5, reported crash occurrences at the
study intersection peaked at 25 crashes per year in 2003 and 2004, and have decreased
significantly in recent years. Further analysis of 2004-2006 and 2007-2009 crash data was
performed, with the following findings:

2004 — 2006
e 51 reported crashes Figure 5 — Intersection Crash History
e 26 crashes due to failure to yield at
or ran STOP sign »
e 2.01 crashessMEV . .
e 1 major injury I
e | minor injury
e 9 possible injuries g | ;
e $201,450 property damage § . ) .
2007 — 2009 £ :
e 30 reported crashes , 9
e 15 crashes due to failure to yield at ol
or ran STOP sign
e 19 crashes at north frontage road ol
intersection. wemeomE e me e
e 0.96 crashes/MEV overall
Flammang Dr & San Marnan Dr Traffic Safety Study Page 3
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1.91 crashes/MEV at north frontage road intersection

0.39 crashes/ MEV at San Marnan/ Flammang intersection
No major or minor injuries

3 possible injuries

$120,400 property damage

With more than half of the crashes occurring at the north frontage road intersection, the frontage
road’s close proximity to San Marnan Drive appears to be the primary safety concern. Review
of crash videos support this conclusion. In one incident, video showed eastbound cars queued on
Flammang Drive in the two outside lanes (through and through/right lanes). Vehicles in these
lanes left a gap for frontage road traffic to cross Flammang Drive. The eastbound left turn lane
was empty. A northbound vehicle on the frontage road stopped, and not seeing an approaching
eastbound vehicle in the left turn lane, proceeded through the intersection and collided with the
eastbound vehicle.

Comparing the 2004-2006 period to the 2007-2009 period, crash rates and severities have
decreased significantly. This is likely due to traffic control improvements implemented by the
City of Waterloo in 2006. These improvements included changing signal phasing on Flammang
Drive to split phasing and prohibiting southbound right turns on red from San Marnan Drive
towards the north frontage road. The purpose of these changes was to provide gaps and reduce
conflicts for the frontage road traffic. However, video observations show that the “RIGHT ON
GREEN ARROW ONLY” sign is frequently ignored.

Capacity Analysis

Operational analysis of the study intersections was performed using Synchro and SimTraffic
analysis software. Synchro analysis is based on Highway Capacity Manual (HCM) methods.
SimTraffic is a micro-simulation model that considers interactions and vehicle queuing between
closely spaced intersections. Peak hour turning movement traffic volumes were estimated for the
critical PM peak hour (4:00- 5:00 PM) using available lowa DOT 2005 and 2009 traffic count
data. Analysis results with existing intersection geometry, existing signal phasing and optimized
timings are shown in Table 1. Estimated 2009 PM peak hour turning movement volumes are
shown in Figure 6.

Table 1 — Capacity Analysis Results
2009 PM Peak Hour Traffic

. . Average Delay (sec/ veh)/ LOS
Analysis Type Intersection Overall Critical Movement

Synchro Flammang & San Marnan 29.3/C NBL 41.9/D
Flammang & N. Front. Rd - SB 19.1/C
Flammang & Alexandra - NBR *

SimTraffic Flammang & San Marnan 27.0/C NBL 51.9/D
Flammang & N. Front. Rd - SB 91.2/F
Flammang & Alexandra - NBR 3.8/A

* HCM analysis not possible

Flammang Dr & San Marnan Dr Traffic Safety Study Page 4
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Figure 6 — Est. 2009 PM Peak Hour Traffic

Synchro and SimTraffic analysis results for the Flammang Drive and San Marnan Drive
intersection are similar, with the intersection operating at LOS C overall and the critical
northbound left turn movement operating at LOS D. SimTraffic analysis shows significantly
higher delays for the southbound approach at the north frontage road intersection than the
Synchro analysis. This is primarily due to the fact that eastbound queued vehicles at the San
Marnan Drive intersection limit opportunities for the frontage road vehicles to turn onto
Flammang Drive.

Improvement Alternatives

Despite recent improvements and reduced crash occurrences in recent years, the close spacing
between the north frontage road intersection and the San Marnan Drive intersection still presents
safety concerns. These safety concerns are due to the lack of separation between conflict points
and sight distance obstructions created by queued vehicles. Frontage road drivers have
difficulties in identifying and evaluating acceptable gaps in traffic.

Two possible alternatives to improve safety and traffic operations at the frontage road
intersection were identified. Following are descriptions of the alternatives. A summary of
anticipated benefits and impacts associated with each alternative is provided in Table 2.

Flammang Dr & San Marnan Dr Traffic Safety Study Page 5
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Alternative 1 - Construct a raised median along Flammang Drive

This alternative would involve constructing a 4’-wide, approximately 130’-long raised median
along Flammang Drive from the San Marnan Drive intersection through the frontage road
intersection. This median would restrict turning movements at the frontage road intersection to
right-in/right-out only (RIRO). Limited pavement widening in the northeast quadrant of the
intersection would also be necessary to provide adequate width for westbound traffic (see Figure
7). Converting the frontage road intersection to a RIRO would significantly reduce turning
movement conflicts, but would also reduce accessibility for vehicles to/from commercial
properties along the frontage road.

Alternative 2 - Relocate the frontage road intersection to the west

Relocating the frontage road intersection approximately 50 to the west would improve
intersection spacing and the ability of drivers to select acceptable gaps in traffic. Eastbound
queue storage capacity at the traffic signal would increase from approximately 50’ to 100° per
lane before spillback into the frontage road intersection. The relocation would require
reconstructing sections of the frontage road approximately 200’ north and south of Flammang
Drive to provide reverse curves to the new intersection location (see Figure 8). Although
existing properties adjacent to the intersection would be impacted, total acquisitions would not
be necessary.

Table 2 — Alternative Evaluation

Criteria Alt. 1 — Construct Median Alt. 2 — Relocate Frontage Road
Safety Approximately 25% - 45% reduction in | No crash reduction factors available,
crashes expected based on information however, crash reduction expected to be
provided by the Crash Modification similar to Alt. 1.

Factors Clearinghouse
(cmfclearinghouse.org)

Traffic Operations | Average PM peak hour delays: Average PM peak hour delays:

e NB frontage road: 29.9 seconds e NB frontage road: 8.2 seconds

e SB frontage road: 4.1 seconds e SB frontage road: 9.1 seconds
Property/ Access No property impacts. Reduced Moderate property impacts including
Impacts accessibility to/from properties along parking lot impacts (approx. 12 spaces

frontage road due to RIRO access. in NE corner, 1 space in NW corner).

Requires removal of existing billboard.

Order of Construction: $30,000 Construction: $200,000
Magnitude Property Acquisition: $0 Property Acquisition: $100,000*
Construction Cost | Total: $30,000 Total: $300,000*

Opinion

*Billboard acquisition cost not included.

Flammang Dr & San Marnan Dr Traffic Safety Study Page 6
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Recommendations

Frontage Road Intersection

Although overall crash history has declined in recent years, a relatively high crash rate (1.91
crashes/MEV) still exists at the Flammang Drive north frontage road intersection. Either of the
two alternatives discussed would be expected to significantly reduce the crash rate. Taking into
consideration the anticipated benefits, impacts and costs, it is recommended that the City of
Waterloo further evaluate the proposed improvement alternatives through discussions with
affected property owners. If the access impacts of Alternative 1 are deemed to be acceptable, the
relatively low cost makes this alternative desirable. Alternative 1 could also be implemented as
an initial improvement, with relocation of frontage road intersection (Alternative 2) in the future,
as needed.

Video Crash Recording System
Based on experiences with this project, the following recommendations are provided for future
video crash recording system installations:

e Locate camera as close to the intersection as possible and zoom in the intersection. Don’t
worry about approaches unless there is a known crash problem with approaches or there are
other areas/segments that require observation.

e Coordinate closely with local law enforcement to get accurate times of events for ease in
locating and extracting relevant video.

e If possible, have a remote connection as well as a local recording device suitable for outdoor
temperatures. The remote connection can be used to check and adjust camera operation.

e If connected to a network, consider a server-based recording system. This provides the
benefits of a familiar operating system (such as Windows) and associated capabilities.

e Use off-the-shelf technology if possible. A sound-activated system (honk, tire squeal, impact
sound) would permanently record video a predetermined time period before and after the
crash. This would eliminate the need to search through recorded video.

Miscellaneous
Replace the existing “RIGHT ON GREEN ARROW ONLY” sign for San Marnan Drive

southbound right turns with a “NO TURN ON RED” (R10-11 or R10-11a) sign. The “NO
TURN ON RED” sign is likely more familiar to drivers, and may improve compliance.

Flammang Dr & San Marnan Dr Traffic Safety Study Page 7
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Appendix

Crash Data

Traffic Count Data

Capacity & Simulation Analyses
Traffic Signal Record Drawing
Existing Traffic Signal Timing
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2004 - 2006

@I:'wanepamnt

Transportation Major Cause Summary
CMAT Version 3.4.0

Report Version 1.1 Jan 2005

Analysis Years: 2004 [25], 2005 [12], 2006 [14]

Crash Summary: Injury Summary: Surface Condition Summary:

Fatal - Fatal - Dry 41
Major Injury 1 Major Injury 1 Wet 8
Minor Injury 1 Minor Injury 1 Ice -
Possible/Unknown 6 Possible 9 Snow 2
PDO 43 Unknown - Slush -
Total Crashes 51 Total Injuries 11 Sand/Dirt/Oil/Gravel -
Water -
Other -
Unknown -

TOT Property Damage: $201,450
perty g Not Reported -

AVG Pr Damage: $3,950

G Property Damage Total Crashes 51

Major Cause Summary:

Animal

1 Ran Traffic Signal

Ran Stop Sign

Crossed Centerline

FTYROW: At Uncontrolled Intersection

1 FTYROW: Making Right Turn on Red Signal
26 FTYROW: From Stop Sign

FTYROW: From Yield Sign
FTYROW: Making Left Turn
FTYROW: From Driveway
FTYROW: From Parked Position
FTYROW: To Pedestrian
FTYROW: Other (explain in narrative)
Traveling Wrong Way or on Wrong Side of Rd
1 Driving Too Fast for Conditions
Exceeded Authorized Speed
Made Improper Turn
Improper Lane Change
Followed Too Close
Disregarded Railroad Signal
Disregarded Warning Sign
Operating Vehicle in Reckless/Aggressive Manner

w

=

N

=

J

i

N

8 Other: Other Improper Action

w

Improper Backing

lllegally Parked/Unattended
Swerving/Evasive Action
Over-Correcting/Over-Steering

Downhill Runaway

Equipment Failure

Separation of Units

Ran Off Road - Right

Ran Off Road - Straight

Ran Off Road - Left

Lost Control

Inattentive/Distracted By: Passenger
Inattentive/Distracted By: Use of Phone or Other
Inattentive/Distracted By: Fallen Object
Inattentive/Distracted By: Fatigued/Asleep
Other: Vision Obstructed

Oversized Load/ Oversized Vehicle
Cargo/Equipment Loss or Shift

Unknown
Other: No Improper Action
None Indicated

Selection Filter:
((YEAR = 2004 or YEAR = 2005 or YEAR = 2006))

Analyst: Snyder & Associates || Notes:

8/12/2010 Crash Mapping Analysis Tool 3.6.0 Page: 1 ofl



2007 - 2009

I t .
(3‘ ot Transportation Location Map

CMAT Version 3.4.0
Incidents: 30

Analyst: Snyder & Associates || Notes:

8/11/2010 Crash Mapping Analysis Tool 3.4.2 Page: 1 of 1



2007 - 2009

5 572 Department Major Cause Summary
CMAT Version 3.4.0
Analysis Years: 2007 [7], 2008 [14], 2009 [9]
Crash Summary: Injury Summary: Surface Condition Summary:
Fatal - Fatal - Dry 23
Major Injury - Major Injury - Wet 4
Minor Injury - Minor Injury - Ice 2
Possible/Unknown 2 Possible 3 Snow -
PDO 28 Unknown - Slush 1
Total Crashes 30 Total Injuries 3 Sand/Dirt/Oil/Gravel -
Water -
Other -
TOT Property Damage: $120, 400 Unknown -
Not Reported -
AVG Property Damage: 54,013 Tolal Crashes 70
Major Cause Summary:
Animal Improper Backing
3 Ran Traffic Signal lllegally Parked/Unattended
2 Ran Stop Sign Swerving/Evasive Action
Crossed Centerline Over-Correcting/Over-Steering
FTYROW: At Uncontrolled Intersection Downhill Runaway
1 FTYROW: Making Right Turn on Red Signal Equipment Failure
13 FTYROW: From Stop Sign Separation of Units
FTYROW: From Yield Sign Ran Off Road - Right
1 FTYROW: Making Left Turn Ran Off Road - Straight
FTYROW: From Driveway Ran Off Road - Left
FTYROW: From Parked Position 1 Lost Control
FTYROW: To Pedestrian Inattentive/Distracted By: Passenger
2 FTYROW: Other (explain in narrative) Inattentive/Distracted By: Use of Phone or Other
Traveling Wrong Way or on Wrong Side of Rd Inattentive/Distracted By: Fallen Object
1 Driving Too Fast for Conditions Inattentive/Distracted By: Fatigued/Asleep
Exceeded Authorized Speed 1 Other: Vision Obstructed
Made Improper Turn Oversized Load/ Oversized Vehicle
Improper Lane Change Cargo/Equipment Loss or Shift
Followed Too Close 3 Other: Other Improper Action
Disregarded Railroad Signal 2 Unknown
Disregarded Warning Sign Other: No Improper Action
Operating Vehicle in Reckless/Aggressive Manner None Indicated
Selection Filter:
((YEAR = 2007 or YEAR = 2008 or YEAR = 2009))
Analyst: Snyder & Associates || Notes:

8/11/2010

Crash Mapping Analysis Tool 3.6.0

Page: 1 ofl




2007 - 2009 North Frontage Road

I t .
(3‘ ot Transportation Location Map

CMAT Version 3.4.0

Incidents: 19

o e .

Analyst: Snyder & Associates || Notes:

1/4/2011 Crash Mapping Analysis Tool 3.4.2 Page: 1 of 1



2007 - 2009 North Frontage Road

N\ 1owa Department .
&‘mmmm Major Cause Summary
CMAT Version 3.4.0
Analysis Years: 2007 [5], 2008 [8], 2009 [6]
Crash Summary: Injury Summary: Surface Condition Summary:
Fatal - Fatal - Dry 15
Major Injury - Major Injury - Wet 3
Minor Injury - Minor Injury - Ice -
Possible/Unknown 1 Possible 1 Snow -
PDO 18 Unknown - Slush 1
Total Crashes 19 Total Injuries 1 Sand/Dirt/Oil/Gravel -
Water -
Other -
TOT Property Damage: $84,100 Unknown -
perty 9e: ' Not Reported -
54,426
AVG Property Damage Total Crashes 19

Major Cause Summary:

N

12

=

Animal

Ran Traffic Signal

Ran Stop Sign

Crossed Centerline

FTYROW: At Uncontrolled Intersection
FTYROW: Making Right Turn on Red Signal
FTYROW: From Stop Sign

FTYROW: From Yield Sign

FTYROW: Making Left Turn

FTYROW: From Driveway

FTYROW: From Parked Position

FTYROW: To Pedestrian

FTYROW: Other (explain in narrative)
Traveling Wrong Way or on Wrong Side of Rd
Driving Too Fast for Conditions

Exceeded Authorized Speed

Made Improper Turn

Improper Lane Change

Followed Too Close

Disregarded Railroad Signal

Disregarded Warning Sign

Operating Vehicle in Reckless/Aggressive Manner

J

i

Improper Backing

lllegally Parked/Unattended
Swerving/Evasive Action
Over-Correcting/Over-Steering

Downhill Runaway

Equipment Failure

Separation of Units

Ran Off Road - Right

Ran Off Road - Straight

Ran Off Road - Left

Lost Control

Inattentive/Distracted By: Passenger
Inattentive/Distracted By: Use of Phone or Other
Inattentive/Distracted By: Fallen Object
Inattentive/Distracted By: Fatigued/Asleep
Other: Vision Obstructed

Oversized Load/ Oversized Vehicle
Cargo/Equipment Loss or Shift

1 Other: Other Improper Action

J

Unknown
Other: No Improper Action
None Indicated

Selection Filter:

( (YEAR

= 2007 or YEAR = 2008 or YEAR = 2009))

Analyst: Snyder & Associates

Notes:

1/4/2011

Crash Mapping Analysis Tool 3.6.0

Page: 1 ofl




City of Waterloo Crash Data Summary

DATE MEANS:

DATE No Report: Only Seen On Camera
DATE Report Generated City: As Shown ON City Records
DATE Report Generated State: As shown On DOT Records

Incident DATE Notes
Number No Report Report Generated Avaiable south means southbound area
City State PD Report Video north means northbound area
23285 3/10/2007 X - X -
37487 4/18/2007|  4/18/2007 X 0
43847 5/3/2007 5/4/2007 X -
57829 6/9/2007 6/9/2007 X ..
65008 6/27/2007|  6/27/2007 X .
85035 8/16/2007xx X T =
91116 9/1/2007 9/1/2007 X .
1/26/2008 X south - rear-end
2/19/2008 X south - cars skid on ice
17259 2/21/2008 2/21/2008 X X out of viewing area, police car seen
2/22/2008 X only police car seen
2/27/2008 . X . north
21799 3/5/2008 3/5/2008 X .
22545 3/7/2008 3/7/2008 X 7.
28997 3/26/2008|  3/26/2008 X 7
5/29/2008|  5/29/2008 X
64711 6/27/2008|  6/27/2008 X X
66705 7/2/2008 7/2/2008 X x
68538 7/7/2008 7/7/2008 X X
75529 7/25/2008]  7/25/2008 X X north
92284 9/6/2008 6/9/2008 X
109612 10/23/2008|  10/23/2008 X X
120231 11/21/2008|  11/21/2008 X
124628 12/3/2008|  12/4/2008 X
2? XX 12/22/2008
3629 1/10/2009 XX not avail X
1/18/2009
30767 3/22/2009 3/22/2009 X X crash on south
5/19/2009
?? 7/18/2009 X south
54591 5/21/2009|  5/21/2009 X
99401 9/13/2009 X
99850 9/14/2009 X
113949 10/22/2009 not avail X nothing in view
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HCM Signalized Intersection Capacity Analysis
3: Flammang Dr & San Marnan Dr

2009 PM Existing Conditions
1/26/2011

N D

U

i
Movement SEL  SET SER  NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations N ik U i N M s L T il
Volume (vph) 51 141 15 287 132 115 87 403 204 178 271 36
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.0 6.0 5.5 5.0 6.0 6.0
Lane Util. Factor 1.00 095 097 100 100 100 095 1.00 097 095 1.00
Frt 1.00 099 1.00 100 08 100 100 08 100 1.00 085
Flt Protected 095 1.00 095 100 100 09 100 1.00 095 100 1.00
Satd. Flow (prot) 1770 3487 3433 1863 1583 1770 3539 1583 3433 3539 1583
Flt Permitted 095 1.00 095 100 100 09 100 1.00 095 100 1.00
Satd. Flow (perm) 1770 3487 3433 1863 1583 1770 3539 1583 3433 3539 1583
Peak-hour factor, PHF 092 092 092 092 092 09 092 092 092 092 092 092
Growth Factor (vph) 126% 126% 126% 126% 126% 126% 126% 126% 126% 126% 126% 126%
Adj. Flow (vph) 70 193 21 393 181 158 119 552 279 244 3N 49
RTOR Reduction (vph) 0 9 0 0 0 130 0 0 52 0 0 0
Lane Group Flow (vph) 70 205 0 393 181 28 119 552 227 244 371 49
Turn Type Split Split Perm Prot pm+ov Prot Prot
Protected Phases 4 4 8 8 5 2 8 1 6 6
Permitted Phases 8 2
Actuated Green, G (s) 9.8 9.8 16.1 16.1 16.1 104 312 473 109 317 317
Effective Green, g (s) 9.8 9.8 16.1 16.1 16.1 104 312 473 109 317 317
Actuated g/C Ratio 011 0.1 018 018 018 012 035 053 012 035 035
Clearance Time (s) 55 55 55 55 55 5.0 6.0 55 5.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 193 380 614 333 283 205 1227 832 416 1247 558
v/s Ratio Prot 0.04  c0.06 c0.11  0.10 007 ¢016  0.05 007 010 0.03
v/s Ratio Perm 0.02 0.09
v/c Ratio 036  0.54 064 054 010 058 045 027 059 030 0.09
Uniform Delay, d1 372 380 343 336 309 3r7 228 118 374 211 19.5
Progression Factor 1.00  1.00 1.00 100 100 100 100 100 1.00 1.00 1.00
Incremental Delay, d2 1.2 1.5 2.3 1.8 0.2 41 1.2 0.2 21 0.6 0.3
Delay (s) 384 394 365 354 310 419 240 120 395 217 198
Level of Service D D D D C D C B D C B
Approach Delay (s) 39.2 35.1 22.7 28.1
Approach LOS D D C C
Intersection Summary
HCM Average Control Delay 29.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.53
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 22.0
Intersection Capacity Utilization 55.8% ICU Level of Service B
Analysis Period (min) 15

¢ Critical Lane Group

Synchro 7 - Report

Page 1



HCM Unsignalized Intersection Capacity Analysis 2009 PM Existing Conditions

10: Flammang Dr & N Front Rd 1/26/2011
A VI R N T U B - A S

Movement SEL  SET SER  NWL NWT NWR NEL NET NER SWL SWT SWR

Lane Configurations 41 s s s

Volume (veh/h) 75 113 10 23 139 93 10 10 19 75 10 75

Sign Control Free Free Stop Stop

Grade 0% 0% 0% 0%

Peak Hour Factor 092 092 092 092 09 09 092 09 092 092 092 092

Hourly flow rate (vph) 103 155 14 32 190 127 14 14 26 103 14 103

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (ft) 120

pX, platoon unblocked 0.91 0.91 0.91 0.91 0.91 0.91

vC, conflicting volume 318 168 794 748 58 607 691 254

vC1, stage 1 conf vol
vC2, stage 2 conf vol

vCu, unblocked vol 205 168 726 676 58 521 613 135
tC, single (s) 41 41 7.5 6.5 6.9 7.5 6.5 6.9
tC, 2 stage (s)

tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 92 98 94 96 97 70 96 87
cM capacity (veh/h) 1245 1407 222 306 995 347 332 812
Direction, Lane # SE1 SE2 SE3 NW1 NE1 SW1

Volume Total 141 77 52 349 53 219

Volume Left 103 0 0 32 14 103

Volume Right 0 0 14 127 26 103

cSH 1245 1700 1700 1407 403 472

Volume to Capacity 0.08 005 003 002 013 046

Queue Length 95th (ft) 7 0 0 2 1 60

Control Delay (s) 6.1 0.0 0.0 09 153 1941

Lane LOS A A C C

Approach Delay (s) 3.2 09 153 1941

Approach LOS C C

Intersection Summary

Average Delay 6.9

Intersection Capacity Utilization 51.6% ICU Level of Service A

Analysis Period (min) 15

Synchro 7 - Report
Page 2



SimTraffic Simulation Summary

2009 PM Existing Conditions 1/26/2011
Summary of All Intervals
Run Number 1 2 B 4 B Avg
Start Time 3:57 3:57 3:57 3:57 3:57 3:57
End Time 4:15 4:15 4:15 4:15 4:15 4:15
Total Time (min) 18 18 18 18 18 18
Time Recorded (min) 15 15 15 15 15 15
# of Intervals 2 2 2 2 2 2
# of Recorded Intvls 1 1 1 1 1 1
Vehs Entered 700 692 658 641 632 662
Vehs Exited 688 674 662 650 621 658
Starting Vehs 36 40 48 47 40 43
Ending Vehs 48 58 44 38 51 46
Denied Entry Before 1 2 3 1 0 0
Denied Entry After 3 2 4 0 3 2
Travel Distance (mi) 129 125 120 17 116 121
Travel Time (hr) 11.8 10.8 10.5 11.2 9.4 10.8
Total Delay (hr) 6.9 6.1 6.0 6.8 5.0 6.1
Total Stops 572 492 500 477 474 503
Fuel Used (gal) 7.5 6.9 6.8 6.8 6.3 6.9
Interval #0 Information Seeding
Start Time 3:57
End Time 4:00
Total Time (min) 3
Volumes adjusted by Growth Factors.
No data recorded this interval.
Interval #1 Information Recording
Start Time 4:00
End Time 4:15
Total Time (min) 15
Volumes adjusted by Growth Factors.
Run Number 1 2 B 4 B Avg
Vehs Entered 700 692 658 641 632 662
Vehs Exited 688 674 662 650 621 658
Starting Vehs 36 40 48 47 40 43
Ending Vehs 48 58 44 38 51 46
Denied Entry Before 1 2 3 1 0 0
Denied Entry After 3 2 4 0 3 2
Travel Distance (mi) 129 125 120 17 116 121
Travel Time (hr) 11.8 10.8 10.5 11.2 9.4 10.8
Total Delay (hr) 6.9 6.1 6.0 6.8 5.0 6.1
Total Stops 572 492 500 477 474 503
Fuel Used (gal) 7.5 6.9 6.8 6.8 6.3 6.9
SimTraffic Report

Page 1



SimTraffic Performance Report

2009 PM Existing Conditions 1/26/2011
3: Flammang Dr & San Marnan Dr Performance by movement

Movement SEL  SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Delay / Veh (s) 407 365 156 287 316 5.1 519 245 110 454 212 238
Vehicles Entered 16 43 5 82 42 38 28 132 54 585 84 13
Vehicles Exited 16 42 5 81 41 39 29 135 55 56 82 12
Hourly Exit Rate 64 168 20 324 164 156 116 540 220 224 328 48
Input Volume 64 178 19 362 166 145 110 508 257 224 341 45
% of Volume 100 94 105 90 99 108 105 106 86 100 96 107
Denied Entry Before 0 0 0 0 0 0 0 0 0 0 0 0
Denied Entry After 0 0 0 0 0 0 0 0 0 0 0 0

3: Flammang Dr & San Marnan Dr Performance by movement

Movement All
Delay / Veh (s) 27.0
Vehicles Entered 592
Vehicles Exited 593
Hourly Exit Rate 2372
Input Volume 2419
% of Volume 98
Denied Entry Before 0
Denied Entry After 0

8: Flammang Dr & S Front Rd Performance by movement

Movement SET SER NWT NER All
Delay / Veh (s) 0.8 0.7 1.6 3.8 1.3
Vehicles Entered 136 16 162 9 323
Vehicles Exited 136 16 162 9 323
Hourly Exit Rate 544 64 648 36 1292
Input Volume 596 63 673 32 1364
% of Volume 91 102 96 112 95
Denied Entry Before 0 0 0 0 0
Denied Entry After 0 0 0 0 0

SimTraffic Report
Page 2



SimTraffic Performance Report
2009 PM Existing Conditions 1/26/2011

10: Flammang Dr & N Front Rd Performance by movement

Delay / Veh (s) 3.9 1.0 0.1 2.9 1.6 12 131 208 403 1004 994 840
Vehicles Entered 22 36 3 7 46 30 4 4 5 26 3 22
Vehicles Exited 23 36 3 7 46 30 3 4 6 22 3 19
Hourly Exit Rate 92 144 12 28 184 120 12 16 24 88 12 76
Input Volume 95 142 13 29 176 117 13 13 24 95 13 95
% of Volume 97 101 92 97 105 103 92 123 100 93 92 80
Denied Entry Before 0 0 0 0 0 0 0 0 0 0 0 0
Denied Entry After 0 0 0 0 0 0 0 0 0 1 0 1

10: Flammang Dr & N Front Rd Performance by movement

Delay / Veh (s) 24.0
Vehicles Entered 208
Vehicles Exited 202
Hourly Exit Rate 808
Input Volume 825
% of Volume 98
Denied Entry Before 0
Denied Entry After 2

Total Network Performance

Delay / Veh (s) 33.6
Vehicles Entered 662
Vehicles Exited 658
Hourly Exit Rate 2632
Input Volume 7301
% of Volume 36
Denied Entry Before 0
Denied Entry After 2
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Queuing and Blocking Report

2009 PM Existing Conditions 1/26/2011
Intersection: 3: Flammang Dr & San Marnan Dr
Movement SE SE SE NW NW NW NW NE NE NE NE SW
Directions Served L T TR L L T R L T T R L
Maximum Queue (ft) 60 67 85 96 98 96 71 141 170 186 82 94
Average Queue (ft) 40 38 61 69 84 76 41 78 113 129 46 55
95th Queue (ft) 66 68 96 105 106 118 71 139 170 189 86 98
Link Distance (ft) 26 26 26 33 33 33 33 544 544
Upstream Blk Time (%) 56 59 63 31 52 40 9
Queuing Penalty (veh) 49 51 55 53 87 68 16
Storage Bay Dist (ft) 200 300 255
Storage Blk Time (%) 1 0
Queuing Penalty (veh) 2 0
Intersection: 3: Flammang Dr & San Marnan Dr
Movement SW SW SW SW
Directions Served L T T R
Maximum Queue (ft) 122 92 111 52
Average Queue (ft) 80 55 73 16
95th Queue (ft) 131 104 116 46
Link Distance (ft) 531 531
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 255 255
Storage Blk Time (%)
Queuing Penalty (veh)
Intersection: 8: Flammang Dr & S Front Rd
Movement SE NW NW NW NE
Directions Served TR T T T R
Maximum Queue (ft) 20 22 39 82 48
Average Queue (ft) 4 4 11 22 23
95th Queue (ft) 23 21 38 80 51
Link Distance (ft) 33 223 223 223 200
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
SimTraffic Report
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Queuing and Blocking Report

2009 PM Existing Conditions 1/26/2011
Intersection: 10: Flammang Dr & N Front Rd
Movement SE SE SE NW NE SW
Directions Served LT T TR LTR LTR LTR
Maximum Queue (ft) 43 7 6 67 60 201
Average Queue (ft) 23 1 1 13 36 144
95th Queue (ft) 58 10 9 56 69 234
Link Distance (ft) 320 320 320 26 206 179
Upstream Blk Time (%) 1 30
Queuing Penalty (veh) 3 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
Network Summary
Network wide Queuing Penalty: 384
SimTraffic Report
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SimTraffic Simulation Summary

Construct Median at North Frontage Road 1/26/2011
Summary of All Intervals
Run Number 1 2 B 4 B Avg
Start Time 3:57 3:57 3:57 3:57 3:57 3:57
End Time 4:15 4:15 4:15 4:15 4:15 4:15
Total Time (min) 18 18 18 18 18 18
Time Recorded (min) 15 15 15 15 15 15
# of Intervals 2 2 2 2 2 2
# of Recorded Intvls 1 1 1 1 1 1
Vehs Entered 702 672 721 621 617 665
Vehs Exited 703 671 722 640 625 672
Starting Vehs 48 45 48 47 44 43
Ending Vehs 47 46 47 28 36 40
Denied Entry Before 1 2 1 3 1 2
Denied Entry After 1 1 1 0 1 1
Travel Distance (mi) 134 130 136 122 17 128
Travel Time (hr) 10.7 10.2 10.6 9.4 9.0 10.0
Total Delay (hr) 5.6 5.4 5.5 4.9 45 5.2
Total Stops 518 485 519 468 441 486
Fuel Used (gal) 7.3 7.0 74 6.5 6.2 6.9
Interval #0 Information Seeding
Start Time 3:57
End Time 4:00
Total Time (min) 3
Volumes adjusted by Growth Factors.
No data recorded this interval.
Interval #1 Information Recording
Start Time 4:00
End Time 4:15
Total Time (min) 15
Volumes adjusted by Growth Factors.
Run Number 1 2 B 4 B Avg
Vehs Entered 702 672 721 621 617 665
Vehs Exited 703 671 722 640 625 672
Starting Vehs 48 45 48 47 44 43
Ending Vehs 47 46 47 28 36 40
Denied Entry Before 1 2 1 3 1 2
Denied Entry After 1 1 1 0 1 1
Travel Distance (mi) 134 130 136 122 17 128
Travel Time (hr) 10.7 10.2 10.6 9.4 9.0 10.0
Total Delay (hr) 5.6 5.4 5.5 4.9 45 5.2
Total Stops 518 485 519 468 441 486
Fuel Used (gal) 7.3 7.0 74 6.5 6.2 6.9
SimTraffic Report
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SimTraffic Performance Report

Construct Median at North Frontage Road 1/26/2011
3: Flammang Dr & San Marnan Dr Performance by movement
Movement SEL  SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Delay / Veh (s) 331 33 190 305 305 51 466 239 120 438 216 256
Vehicles Entered 9 27 3 91 37 39 5 147 67 71 92 12
Vehicles Exited 9 27 3 92 38 39 35 153 68 70 92 12
Hourly Exit Rate 36 108 12 368 152 156 140 612 272 280 368 43
Input Volume 42 113 11 377 152 145 146 568 257 289 360 42
% of Volume 86 96 109 98 100 108 96 108 106 97 102 114
Denied Entry Before 0 0 0 0 0 0 0 1 1 0 0 0
Denied Entry After 0 0 0 0 0 0 0 0 1 0 0 0
3: Flammang Dr & San Marnan Dr Performance by movement
Movement All
Delay / Veh (s) 26.5
Vehicles Entered 630
Vehicles Exited 638
Hourly Exit Rate 2552
Input Volume 2502
% of Volume 102
Denied Entry Before 2
Denied Entry After 1
8: Flammang Dr & S Front Rd Performance by movement
Movement SET SER NWT NER All
Delay / Veh (s) 0.6 0.5 2.7 44 1.7
Vehicles Entered 147 18 167 7 339
Vehicles Exited 147 18 167 7 339
Hourly Exit Rate 588 72 668 28 1356
Input Volume 596 63 673 32 1364
% of Volume 99 114 99 88 99
Denied Entry Before 0 0 0 0 0
Denied Entry After 0 0 0 0 0
10: Flammang Dr & N Front Rd Performance by movement
Movement SET SER NWT NWR NER SWR All
Delay / Veh (s) 0.9 2.1 1.6 1.0 299 4.1 2.7
Vehicles Entered 33 3 43 41 5 26 151
Vehicles Exited 33 3 44 41 5 26 152
Hourly Exit Rate 132 12 176 164 20 104 608
Input Volume 142 13 175 164 24 95 613
% of Volume 93 92 101 100 83 109 99
Denied Entry Before 0 0 0 0 0 0 0
Denied Entry After 0 0 0 0 0 0 0
SimTraffic Report
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SimTraffic Performance Report

Construct Median at North Frontage Road

1/26/2011

Total Network Performance

Delay / Veh (s)
Vehicles Entered
Vehicles Exited
Hourly Exit Rate
Input Volume

% of Volume
Denied Entry Before
Denied Entry After

27.8
665
672

2688
7120
38

SimTraffic Report
Page 3



Queuing and Blocking Report

Construct Median at North Frontage Road 1/26/2011
Intersection: 3: Flammang Dr & San Marnan Dr
Movement SE SE SE NW NW NW NW NE NE NE NE SW
Directions Served L T TR L L T R L T T R L
Maximum Queue (ft) 71 46 99 99 104 94 72 151 163 174 105 123
Average Queue (ft) 29 22 58 78 91 73 39 91 114 132 63 77
95th Queue (ft) 67 52 104 116 113 109 76 152 169 181 110 135
Link Distance (ft) 26 26 26 33 33 33 33 544 544
Upstream Blk Time (%) 28 21 54 36 51 37 9
Queuing Penalty (veh) 15 12 30 61 86 62 15
Storage Bay Dist (ft) 200 300 255
Storage Blk Time (%) 0
Queuing Penalty (veh) 0
Intersection: 3: Flammang Dr & San Marnan Dr
Movement SW SW SW SW
Directions Served L T T R
Maximum Queue (ft) 148 111 133 41
Average Queue (ft) 91 59 70 19
95th Queue (ft) 151 107 129 46
Link Distance (ft) 531 531
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 255 255
Storage Blk Time (%)
Queuing Penalty (veh)
Intersection: 8: Flammang Dr & S Front Rd
Movement SE NW NW NW NE
Directions Served TR T T T R
Maximum Queue (ft) 12 75 74 54 47
Average Queue (ft) 2 20 34 15 24
95th Queue (ft) 14 74 89 64 51
Link Distance (ft) 33 223 223 223 200
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
SimTraffic Report

Page 4



Queuing and Blocking Report

Construct Median at North Frontage Road 1/26/2011
Intersection: 10: Flammang Dr & N Front Rd
Movement SE SE NE SW
Directions Served T TR R R
Maximum Queue (ft) 6 27 39 59
Average Queue (ft) 1 6 19 35
95th Queue (ft) 10 42 51 56
Link Distance (ft) 320 320 206 179
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
Network Summary
Network wide Queuing Penalty: 281
SimTraffic Report
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SimTraffic Simulation Summary

Relocate North Frontage Road 1/26/2011
Summary of All Intervals
Run Number 1 2 B 4 B Avg
Start Time 3:57 3:57 3:57 3:57 3:57 3:57
End Time 4:15 4:15 4:15 4:15 4:15 4:15
Total Time (min) 18 18 18 18 18 18
Time Recorded (min) 15 15 15 15 15 15
# of Intervals 2 2 2 2 2 2
# of Recorded Intvls 1 1 1 1 1 1
Vehs Entered 703 694 662 641 632 664
Vehs Exited 693 674 668 655 625 663
Starting Vehs 36 33 48 47 38 40
Ending Vehs 46 53 42 33 45 40
Denied Entry Before 1 2 3 1 0 0
Denied Entry After 0 0 0 0 3 0
Travel Distance (mi) 131 127 123 120 17 124
Travel Time (hr) 10.9 9.7 9.6 9.2 9.2 9.7
Total Delay (hr) 5.9 4.8 49 4.7 4.7 5.0
Total Stops 584 513 523 492 487 519
Fuel Used (gal) 74 6.7 6.6 6.4 6.3 6.7
Interval #0 Information Seeding
Start Time 3:57
End Time 4:00
Total Time (min) 3
Volumes adjusted by Growth Factors.
No data recorded this interval.
Interval #1 Information Recording
Start Time 4:00
End Time 4:15
Total Time (min) 15
Volumes adjusted by Growth Factors.
Run Number 1 2 B 4 B Avg
Vehs Entered 703 694 662 641 632 664
Vehs Exited 693 674 668 655 625 663
Starting Vehs 36 33 48 47 38 40
Ending Vehs 46 53 42 33 45 40
Denied Entry Before 1 2 3 1 0 0
Denied Entry After 0 0 0 0 3 0
Travel Distance (mi) 131 127 123 120 17 124
Travel Time (hr) 10.9 9.7 9.6 9.2 9.2 9.7
Total Delay (hr) 5.9 4.8 49 4.7 4.7 5.0
Total Stops 584 513 523 492 487 519
Fuel Used (gal) 74 6.7 6.6 6.4 6.3 6.7
SimTraffic Report
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SimTraffic Performance Report
Relocate North Frontage Road 1/26/2011

3: Flammang Dr & San Marnan Dr Performance by approach

Delay / Veh (s) 360 238 246 294 268
Vehicles Entered 67 162 214 152 595
Vehicles Exited 66 161 218 151 596
Hourly Exit Rate 264 644 872 604 2384
Input Volume 261 673 875 610 2419
% of Volume 101 96 100 99 99
Denied Entry Before 0 0 0 0 0
Denied Entry After 0 0 0 0 0

8: Flammang Dr & S Front Rd Performance by approach

Delay / Veh (s) 0.8 1.6 3.8 1.3
Vehicles Entered 154 162 9 325
Vehicles Exited 154 162 9 325
Hourly Exit Rate 616 648 36 1300
Input Volume 659 673 32 1364
% of Volume 93 96 112 95
Denied Entry Before 0 0 0 0
Denied Entry After 0 0 0 0

10: Flammang Dr & N Front Rd Performance by approach

Delay / Veh (s) 1.9 1.8 8.2 9.1 4.0
Vehicles Entered 61 83 13 53 210
Vehicles Exited 62 82 13 50 207
Hourly Exit Rate 248 328 52 200 828
Input Volume 250 322 50 203 825
% of Volume 99 102 104 99 100
Denied Entry Before 0 0 0 0 0
Denied Entry After 0 0 0 0 0

Total Network Performance

Delay / Veh (s) 271
Vehicles Entered 664
Vehicles Exited 663
Hourly Exit Rate 2652
Input Volume 7301
% of Volume 36
Denied Entry Before 0
Denied Entry After 0

SimTraffic Report
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Queuing and Blocking Report

Relocate North Frontage Road 1/26/2011
Intersection: 3: Flammang Dr & San Marnan Dr
Movement SE SE SE NW NW NW NW NE NE NE NE SW
Directions Served L T TR L L T R L T T R L
Maximum Queue (ft) 84 85 107 96 97 96 71 136 158 183 82 80
Average Queue (ft) 50 54 71 71 84 76 41 75 109 127 42 48
95th Queue (ft) 93 94 114 106 107 118 71 134 165 186 82 88
Link Distance (ft) 84 84 84 33 33 33 33 540 540
Upstream Blk Time (%) 2 2 5 32 52 40 10
Queuing Penalty (veh) 2 1 4 53 88 67 16
Storage Bay Dist (ft) 200 300 255
Storage Blk Time (%) 1
Queuing Penalty (veh) 2
Intersection: 3: Flammang Dr & San Marnan Dr
Movement SW SW SW SW
Directions Served L T T R
Maximum Queue (ft) 118 80 107 46
Average Queue (ft) 78 49 69 14
95th Queue (ft) 128 93 114 41
Link Distance (ft) 531 531
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (ft) 255 255
Storage Blk Time (%)
Queuing Penalty (veh)
Intersection: 8: Flammang Dr & S Front Rd
Movement SE NW NW NW NE
Directions Served TR T T T R
Maximum Queue (ft) 20 26 43 78 48
Average Queue (ft) 4 4 12 21 23
95th Queue (ft) 20 26 42 78 51
Link Distance (ft) 33 223 223 223 200
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
SimTraffic Report
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Queuing and Blocking Report

Relocate North Frontage Road 1/26/2011
Intersection: 10: Flammang Dr & N Front Rd
Movement SE SE NW NE SW
Directions Served LT TR LTR LTR LTR
Maximum Queue (ft) 52 4 43 48 105
Average Queue (ft) 25 1 10 27 55
95th Queue (ft) 56 7 47 56 93
Link Distance (ft) 320 320 84 207 176
Upstream Blk Time (%) 0
Queuing Penalty (veh) 0
Storage Bay Dist (ft)
Storage Blk Time (%)
Queuing Penalty (veh)
Network Summary
Network wide Queuing Penalty: 233
SimTraffic Report
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Intersection Name

Phase Vehicle Basic Timing Data
Dt 10/20/2010 Time 12:26:12

SAN MARNAN DR. & FLAMMANG

AVE.

Source User

Phase 1 2 3 4 ] 4] 7 ]
Mimimum Crreen 5] i2 0 hi f 12 {l 8
Passage 1:5 1.0 0.0 1.5 1.5 1.0 0.0 1.5
it 1 25 25 25 25 25 23 4] 25
Maximum 2 25 50 25 44 25 30 33 25
Yellow Change 4.0 54 3.0 4.5 4.0 3.0 4.0 4.5
Red Clearance 1.0 R 1.1 1.0 1.0 1.0 1.0 1.0

Phase 9 110 11 12 13 14 15 16
Minimum Green 0 0 0 { ] 0] ] ]
Passage 0.0 0.0 {1.0 (.0 0.4 00 0.0 0.0
Maximum | i 0 { 0 o 0 0 0
Maximum 2 i) 0 Q {0 0 0 0 0
Yellow Change 4.0 4.0 4.0 4.0 4.0 4.0 4.1 4.0
Red Clearance 0.0 0.0 0.0 0 0.0 (.0 0.0 0.0




