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Memorial Drive Drainage and Mobility

EXECUTIVE SUMMARY

Lockwood, Andrews & Newnam, Inc. (LAN) was contracted by Tax Increment Reinvestment
Zone No. 17 (TIRZ 17) to perform and mobility study on Memorial Drive between Beltway 8
Northbound Service Road (NSR) and West Bough Lane in Houston, Texas. LAN has been
tasked with analyzing the intersections and investigating left-turn lane alternatives aimed at

improving operations. A summary of alternatives is as follows:

Table ES-1 — Summary of Alternatives

Alternative - Description
No Build e No Additional Improvements Proposed
Alternative 1 e Add an eastbound left-turn lane at Town and Country Village East Driveway

e Add an eastbound left-turn lane at Town and Country Village West Driveway
e Add a westbound left-turn lane at Town and Country Village East Driveway

Alternative 2

LAN recommends that two eastbound left-turn lanes be constructed on Memorial Drive
(Alternative 2). This recommendation is based on intersection capacity utilization (ICU) level of
service (LOS) as well as potential safety benefits. Left-turn lanes have been shown to minimize
turn-related crashes and minimize delay to through traffic. Based on these potential benefits,

LAN recommends the following:

e Install an eastbound left-turn lane on Memorial Drive and Town and Country Village
West Driveway,

e Install an eastbound left-turn lane on Memorial Drive and Town and Country Village
East Driveway, and

e Update pavement markings on Memorial Drive between Beltway 8 NSR and West Bough

Lane.

LAN Project #: 120-10308-000-445 ES-1 I On
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INTRODUCTION

Lockwood, Andrews & Newnam, Inc. (LAN) has been contracted by Tax Increment
Reinvestment Zone No. 17 (TIRZ 17) to perform a traffic study on Memorial Drive between
Beltway 8 Northbound Service Road (NSR) and West Bough Lane in Houston, Texas. Recent
development, ihcluding the expansion of Town and Country Village north of the study area has
increased traffic; as such, this traffic study was authorized to identify where traffic problems
occur and recommend improvements on Memorial Drive. This report has been prepared to
document the traffic study, present results found during the analysis and provide

recommendations.

STUDY LOCATION
Memorial Drive is an east-west four-lane road that is currently free-flow between Beltway 8
NSR and West Bough Lane. Traffic signals are located at each end of the study area and are
located at Beltway 8 NSR and West Bough Lane. The study area is identified in Figure 1 and

involves four intersections:

e Memorial Drive and Beltway 8 NSR,
e Memorial Drive and Town and Country Village West Driveway,
e Memorial Drive and Town and Country Village East Driveway, and

e Memorial Drive and West Bough Lane.

Beltway 8 NSR is a four-lane, one-way road at the northbound approach to Memorial Drive and
is the eastern intersection of a partial diamond type interchange. Town and Country Village
West Driveway and Town and Country Village East Driveway are both four-lane driveways that
form three-leg “T” intersections with Memorial Drive. Both driveways have dedicated left-turn
and right-turn lanes at the southbound approaches with Memorial Drive. West Bough Lane

forms a four-leg intersection with Memorial Drive. Memorial Drive has dedicated left-turn lanes

LAN Project #: 120-10308-000-445 1 I Qn
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eastbound and westbound at West Bough Lane, while West Bough Lane has a dedicated right-
turn lane at the southbound approach with Memorial Drive. South of Memorial Drive, West
Bough Lane, also called Broken Bough Drive, is a two-lane road. Figure 2 and Figure 3 show

No Build Conditions on Memorial Drive.

Many private residences exist to the south and east of the study area. Town and Country Village
north of the study area contains commercial developments including a gas station, grocery store,
retail shops and restaurants. Town and Country Village West Driveway and Town and Country
Village East Driveway lead directly to a strip center and grocery store, respectively. Recent

expansion to Town and Country Village is estimated to add over 33 thousand daily trips.

LAN Project #: 120-10308-000-445 2 | an
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METHODOLOGY

Methodology used for this traffic study is as follows:
e Site investigation and observation,
e Collect turning movement counts (TMCs) at the study intersection for six hours,
e Analyze Existing Conditions and future No Build Conditions on Memorial Drive,
e Analyze proposed Build Conditions on Memorial Drive under current year and future
year conditions,
e Mitigate failing conditions (if any), and

e Document analysis and findings and provide recommendations.

DATA COLLECTION

LAN collected data with respect to intersection geometry, striping, signage and visible utilities
during a field visit to the intersection on December 11, 2008 (site photographs are located in
Appendix A). Memorial Drive is a four-lane road with approximate 12-feet lanes. The posted
speed on Memorial Drive is 35 mph while the speed limits on West Bough Lane and Beltway 8
NSR are 30 mph and 50 mph, respectively. Pedestrian crosswalks, pedestrian signals and
pushbuttons are provided at these two intersections. There is no posted speed on either of the
Town and Country Village driveways. All pavement and pavement markings were observed to

be in fair to poor condition.

Numerous private driveways exist on the south side of the study area that service residences
along Memorial Drive. Sidewalks are located on both sides of Memorial Drive and curb ramps
appear to be Americans with Disabilities Act (ADA) compliant at both Beltway 8 NSR and West
Bough Lane. Curb and gutter drainage is utilized on Memorial Drive, Beltway 8 NSR and West

Bough Lane.

LAN Project #: 120-10308-000-445 6 Ian
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Data collected for this study included: 24-hour traffic volumes, six-hour TMCs and pedestrian
counts. On an average weekday, peak hour traffic on Memorial Drive exceeds 1,500 vehicles
per hour. Peak hours were identified between 7:30 AM — 8:30 AM (AM peak hour), 12:00 PM —
1:00 PM (Midday peak hour) and 4:30 PM — 5:30 PM (PM peak hour). A summary of traffic

data collected is included in Appendix B.

ANALYSIS

This traffic study analyzes three different alternatives for AM, Midday and PM peak hours.
Each scenario is analyzed for current year 2009 and under future traffic conditions in year 2014;
a total of 18 scenarios were analyzed. Data was input into Synchro 6.0 traffic models based on
TMCs and balanced using 24-hour traffic volumes. Projected traffic volumes were calculated
utilizing Houston-Galveston Area Council (H-GAC) growth rates. H-GAC growth rates yield a
1.0 percent annual growth rate on Memorial Drive between years 2009 and 2014. This growth

rate was assumed to be uniform throughout the study area and was applied to all traffic volumes.

Existing and No Build Conditions

Existing and No Build Conditions consist of no modification to current roadway traffic control,
alignment or geometry. These scenarios serve as a base condition and were analyzed for current
year (2009) and future year (2014) traffic conditions for both AM and PM peak hours. Existing
and No Build Condition drawings for the study area are presented in Exhibit C1 and Exhibit C2
in Appendix C.

LAN Project #: 120-10308-000-445 7 I qn
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Proposed Conditions

Alternative 1 — Add One Eastbound Left-turn Lane

Alternative 1 involves the construction of a single eastbound left-turn lane at the Town and
Country Village East Driveway. The proposed left-turn lane would be designed to City of
Houston standards and is 200 feet in length (100 feet storage and 100 feet taper). The proposed
left-turn lane is designed to remove left-turn traffic from impeding eastbound through traffic on
Memorial Drive. Two eastbound and two westbound through lanes are maintained on Memorial
Drive as well as the existing sidewalk. Drawings showing improvements proposed in this

alternative are in Exhibit C3 and Exhibit C4 in Appendix C.

Alternative 2 — Add Two Eastbound Left-turn Lanes

Alternative 2 involves the construction of two eastbound left-turn lanes; one at the Town and
Country Village West Driveway and the other at the Town and Country Village East Driveway.
Both left-turn lanes are designed to City of Houston standards and are 200 feet in length (100
feet storage and 100 feet taper). The proposed left-turn lanes are designed to remove left-turn
traffic from impeding eastbound through traffic on Memorial Drive. Two eastbound and two
westbound through lanes are maintained on Memorial Drive as well as the existing sidewalk.
Drawings showing improvements proposed in this alternative are in Exhibit C5 and Exhibit C6

in Appendix C. A summary of all alternatives is as follows:

Table 1 - Summary of Alternatives

Alternative Description
No Build e No Additional Improvements Proposed
Alternative 1 e  Add an eastbound left-turn lane at Town and Country Village East Driveway

e  Add an eastbound left-turn lane at Town and Country Village West Driveway

Alternative 2 , :
e Add a westbound left-turn lane at Town and Country Village East Driveway

LAN Project #: 120-10308-000-445 8 I Qn



T '
REORVELOPHENT

Memorial Drive Drainage and Mobility

Traffic Analysis

Traffic analysis tasks were conducted using Synchro, Version 6.0. Synchro follows procedures
developed in the Highway Capacity Manual (HCM 2000) (1) and analyzes the study area in its
entirety rather than as a series of isolated intersections and driveways. The HCM 2000 is an
industry accepted standard for intersection capacity analysis, queuing analysis and signal timing.
Synchro allows users to model traffic situations and conduct traffic operational analyses on these
models. Various measures of effectiveness (MOESs) can be extracted such as level of service
(LOS), delay and vehicle queue lengths. Output can be used to make comparisons between

proposed alternatives.

Control delay, measured in seconds per vehicle (sec/veh), was used to determine LOS at
intersection approaches. Control delay is the portion of total delay attributed to the traffic
control used at an intersection. Control delay includes initial deceleration delay, queue move-up
time, stopped delay, and final acceleration delay (1). Table 2 provides criteria for determining

LOS based on delay per vehicle.

Table 2 - LOS Criteria (1)
LOS Delay Range for Unsignalized Delay Range for Signalized
Intersections (sec/veh) Intersections (sec/veh)
A <10 <10
B >10and <15 >10 and <20
C >15 and <25 >20 and < 35
D >25 and <35 >35 and < 55
E >35 and <50 >55 and < 80
F >50 >80

The concept of LOS as explained in the HCM 2000 is that it is similar to grades in school — A
being the best, F the worst. A more detailed description of LOS for signalized intersections is

provided below:

LLAN Project #: 120-10308-000-445 9 an
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e LOS A describes operations with very low delay, up to 10 sec/veh. This level of service
occurs when progression is extremely favorable and most vehicles arrive during the green
light. Most vehicles do not stop at all. Short cycle lengths may also contribute to low

delay.

e LOS B describes operations with delay greater than 10 and up to 20 sec/veh. This level
generally occurs with good progression, short cycle lengths, or both. More vehicles stop

than with LOS A, causing higher levels of delay.

e LOS C describes operations with delay greater than 20 and up to 35 sec/veh. These
higher delays may result from fair progression, longer cycle lengths, or both. Individual
cycle failures may begin to appear at this level, or all vehicles may not pass through on
one cycle. The number of vehicles stopping is significant at this level, though many still

pass through the intersection without stopping.

e LOS D describes operations with delay greater than 35 and up to 55 sec/veh. At level D,
the influence of congestion becomes more noticeable. Longer delays may result from
some combination of unfavorable progression, long cycle lengths, or high v/c ratios.
Many vehicles stop, and the proportion of vehicles not stopping declines. Individual

cycle failures are noticeable.

e LOS E describes operations with control delay greater than 55 and up to 80 sec/veh. This
level is considered by many agencies to be the limit of acceptable delay. These high
delay values generally indicate poor progression, long cycle lengths, and high v/c ratios.

Individual cycle failures are frequent occurrences.

e LOS F describes operations with control delay in excess of 80 sec/veh. This level,

considered to be unacceptable to most drivers, often occurs with oversaturation, that is,

LAN Project #: 120-10308-000-445 10 an
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when arrival flow rates exceed the capacity of the intersection. Poor progression and

long cycle lengths may also be major contributing factors.

A second traffic analysis was performed using the Intersection Capacity Utilization (ICU)
method. The ICU method differs from the HCM 2000 method for producing MOEs, as the HCM
2000 uses control delay as the primary MOE, while the ICU method uses traffic volume and
capacity (2). Like the HCM 2000 method, ICU uses a LOS scale; however the ICU method uses
a scale where LOS A is best and LOS H the worst. Using the ICU method is preferred for this
study as it analyzes all intersection approaches, whereas only intersection approaches that have

traffic control (e.g., stop signs or traffic signals) are analyzed using the HCM 2000 method.

RESULTS

Traffic Analysis
Results of the traffic analysis are presented in Table 3 for delay and LOS, while network MOEs

are given in. Detailed results are located in Appendix D.

HCM 2000 analysis results show that left-turn lanes included in Alternative 1 and Alternative 2
only marginally increase performance with respect to delay at intersections on Memorial Drive.
Furthermore, network MOEs do not improve when left-turn lanes are analyzed on Memorial
Drive. No failing conditions (LOS E or LOS F) resulted in any analysis using the HCM 2000.
The HCM 2000 analysis is not ideal for this project, as proposed improvements do not affect

approaches that use traffic control such as stop signs or traffic signals.

Improvements as a result of adding left-turn lanes are minimal when using HCM 2000; however,
the ICU method shows that Alternative 2 provides the best LOS when using the ICU scale (see
Table 5). The ICU method shows that where capacity (storage lanes) is added, intersections

function at a higher LOS. Therefore, the addition of left-turn lanes eastbound at Town and

LAN Project #: 120-10308-000-445 11 : l Qn



TR
REDEVELOPHIENT

Memorial Drive Drainage and Mobility

Country Village East Driveway and Town and Country Village West Driveway allows for an
increase in intersection performance. Alternative 1 shows only performance increases where
capacity is added at Town and Country Village West Driveway. Where no capacity is added,

(Beltway 8 NSR and West Bough Lane), ICU does not show any performance increase.

LAN Project #: 120-10308-000-445 12 I qn
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Memorial Drive Drainage and Mobility

Safety Benefits

Each proposed alternative incorporates a combination of eastbound left-turn lanes on Memorial

Drive. Safety benefits associated with adding left-turn lanes are as follows (3):

Left-turn Lane Safety Benefits
e Minimizes turn-related crashes and

e Eliminates unnecessary delay to through movements.

Figure 4 provides a method for analyzing the need for a left-turn lane on the major approach of a
stop controlled intersection (3). Using the curve in this figure, both Town and Country Village
West Driveway and Town and Country Village East Driveway warrant eastbound left-turn lanes.
During the AM peak hour, the Left-turn Volume is 24 vehicles and the Opposing Volume is 556
vehicles on Town and Country Village West Driveway, while the Left-turn Volume is 75
vehicles and the Opposing Volume is 547 on Town and Country Village East Driveway. Both

points are above the curve in Figure 4 and a northbound left-turn lane is warranted.

2000

Four-Lane Undivided Road

1500 |- No- - - -

(Cefwm reaiment|
warranted.

Opposing Volume (Vg), veh/h

1000 Leowew oo - B
Left-turn treatment o
not warranted. “ .
Ny
0 1 ] 1 1 i - I
] L 10 15 20 25 30

Left-Turn Volume (V,), veh/h

*#Town and Country Village East Driveway Data Point is off the chart, but is above the curve.

Figure 4 - Guidelines for Determining the Need for a Left-Turn Lane (3)

LAN Project #: 120-10308-000-445 16 I qn
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Memorial Drive Drainage and Mobility [ATHORY |

Cost Estimates
An analysis was performed to determine the cost necessary for implementation of each
alternative. The cost estimate represents probable costs; any costs related to utility relocation,

landscaping or right-of-way acquisition are not included.

Table 6 provides a breakdown of costs associated with each alternative for year 2009 dollars.

Detailed cost estimates are in Appendix E.

- Table 6 - Cost Estimates
No Build Alternative 1 | Alternative 2
- $92,000 $189,000

RECOMMENDATIONS
LAN recommends that two eastbound left-turn lanes be constructed on Memorial Drive
(Alternative 2). This recommendation is based on ICU LOS as well as potential safety benefits.
Left-turn lanes are known to minimize turn-related crashes and minimize delay to through traffic.

Based on these potential benefits, LAN recommends the following:

e Install an eastbound left-turn lane on Memorial Drive and Town and Country Village
West Driveway,

e Install an eastbound left-turn lane on Memorial Drive and Town and Country Village
East Driveway, and

e Update pavement markings on Memorial Drive between Beltway 8 NSR and West Bough

Lane.

LAN Project #: 120-10308-000-445 17 Inn
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APPENDIX A

SITE PHOTOGRAPHS
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Memorial Drive Drainage and Mobility

Photograph 2 - Memorial Drive @ West Bough Lane Looking South
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Photograph 4 - Memorial Drive @ West Bough Lane Looking West
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Photograph 5 - Memorial Drive @ Town and Country Village East Driveway Looking North

Photograph 6 - Memorial Drive @ Town and Country Village East Driveway Looking East

LAN Project #: 120-10308-000-445 Inn
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Photograph 8 - Memorial Drive @ Town and Country Village West Driveway Looking North
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Photograp 10 - emorial Drive @ Beltway 8 NSR Looin West
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Photograph 12 - Memorial Drive @ Beltway SR Lookig South

LAN Project #: 120-10308-000-445 Ion



LT
REDEVLOPAENT
Lo |

Memorial Drive Drainage and Mobility

APPENDIX B

DATA
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24-HOUR TRAFFIC COUNTS
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TOTAL:
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Date Began:

12/17/2008

EB Memorial Dr. East of Driveway 1

TIME 0:00 0:15 0:30 0:45 TOTAL
0:00 9 8 6 7 30
1:00 4 5 2 5 16
2:00 5 4 2 2 13
3:00 1 4 1 2 8
4:00 4 2 4 6 16
5:00 5 17 10 23 55
6:00 23 48 67 92 230
7:00 130 147 202 180 659
8:00 228 198 184 194 804
9:00 192 150 192 154 688
10:00 170 139 161 160 630
11:00 166 159 175 167 667
12:00 188 162 162 156 658
13:00 137 184 171 180 672
14:00 181 176 167 194 718
15:00 192 186 184 166 728
16:00 154 159 149 155 617
17:00 161 174 164 166 655
18:00 164 162 124 151 601
19:00 120 102 104 85 411
20:00 70 64 64 64 262
21:00 42 62 55 43 202
22:00 46 36 33 23 138
23:00 19 17 15 18 69

TOTAL:] 9,547
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WB Memorial Dr. East of W. Bough Ln.
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Memorial at Northbound Beltway 8 Frontage Rd.

December 17, 2008
Turning Movement Count

From North Trom East From South From West
Beltway 8 Frontage Rd. Memorial Dr. Beltway 8 Frontage Rd. Memorial Dr,
Time Left | Thru | Right |[U-turn| Peds | Left | Thru | Right [U-turn| Peds | Left | Thru | Right |U-turn| Peds | Left | Thru | Right [U-turn| Peds
7:00( 0 0 0 3 0 0 43 8 0 1 44 376 30 7 2 55 106 0 0 1
7:15 0 0 0 6 0 0 84 31 0 1 58 422 40 1 Q 80 117 0 0 0
7:30 0 0 4] 5 0 0 104 31 0 0 60 472 56 4 Q 00 164 0 0 0
7:45 0 0 0 8 0 0 108 30 0 0 32 439 67 4 0 23 145 0 0 0
Hr. Total: 0 0 0 22 0 0 339 100 0 2 244 1,709 193 16 2 318 532 0 0 1
8:00 0 0 0 9 0 0 104 20 0 0 75 404 57 1 Q0 Q3 202 0 0 0
8:15 0 0 0 9 0 0 128 32 0 0 65 372 51 7 Q 73 160 0 0 0
8:30 0 0 0 6 0 0 89 27 0 Q 50 339 73 4 ¢ 63 131 0 0 0
8:45 0 0 0 6 0 0 81 31 0 1 61 323 61 5 0 58 157 0 0 0
Hr. Total: 0 0 0 30 0 0 402 110 0 1 251 1,438 242 17 0 287 650 0 0 0
11:00 Q 0 0 3 0 0 149 38 0 0 33 241 39 8 0 62 144 0 0 0
11:15| 0 0 0 7 0 0 166 30 0 0 33 232 55 2 0 75 130 0 0 0
11:30 0 0 0 12 0 0 168 33 0 1 55 276 52 3 1 54 142 0 0 0
11:45 0 0 ] 9 0 0 187 41 0 Q 40 274 67 2 0 02 156 0 0 0
Hr. Total: 0 0 0 33 0 0 670 142 0 1 161 1,023 213 15 1 283 572 0 0 0
12:00f 0 0 0 11 0 0 178 49 0 0 50 294 78 3 0 ol 133 0 0 0
12:15) 0 0 0 8 0 0 201 45 0 0 59 258 58 3 0 58 146 0 0 0
12:30 0 0 0 6 0 0 212 35 0 0 46 228 62 4 0 77 130 0 0 0
12:45) 0 0 0 3 0 0 234 47 0 0 49 257 53 3 0 64 131 0 0 0
Hr. Total: 0 0 1] 28 0 0 825 176 0 0 204 1,037 251 17 0 260 540 0 0 0
16:00 0 0 0 3 0 ¢ 229 14 0 0 58 388 47 ¢ 0 64 112 0 0 0
16:15 0 0 0 5 0 0 286 42 0 4 68 387 40 1 0 58 144 0 (¢ 0
16:30 0 0 0 12 0 0 267 27 0 1 00 427 46 1 | 58 122 0 0 0
16:45 0 0 0 5 0 0 260 33 0 Q0 100 438 50 3 1 49 04 0 Q 0
Hr. Total: 0 0 0 27 0 0 1,042 116 0 5 292 1,640 183 11 2 229 472 0 0 0
17:00 0 0 0 8 0 0 289 32 0 Q 84 386 58 1 0 64 152 0 0 0
17:15 0 0 0 9 0 0 264 23 0 0 77 468 49 5 0 70 146 0 0 0
17:30 0 0 0 6 0 0 279 20 0 0 85 413 64 1 0 63 115 0 0 0
17:45 0 0 0 8 0 0 208 36 0 0 97 380 65 5 0 73 131 0 0 0
Hr. Total: 0 0 0 31 0 0 1,130 111 0 0 343 1,656 236 12 0 270 544 0 0 0
Gr. Total 0 0 0 171 0 0 4,408 [ 755 0 9 1,495 | 8,503 | 1,318 88 5 1,647 | 3,310 0 0 1
% of Tot. | 0% 0% 0% 1% 0% 0% | 20% [ 3% 0% 0% % | 39% | 6% 0% 0% 8% | 15% [ 0% 0% 0%
Apprch% 1% 24% 53% 23%
% of 0% 0% 0% | 100% [ 0% 0% | 85% | 15% | 0% 0% | 13% | 75% | 12% 1% 0% | 33% [ 67% | 0% 0% 0%
Apprch
Left | Thru | Right [U-turn| Peds | Left | Thru | Right |U-turn| Peds | Left | Thru | Right {U-turn| Peds | Lefi | Thru | Right |U-turn| Peds
Beltway 8 Frontage Rd. Memorial Dr. Beltway 8 Frontage Rd. Memorial Dr.
From North IFrom East. From South From West

TOO grererssensssansssrsnnnyenssansnans
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=
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16:00 &
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17:15 @&
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17:45

E From North Beltway 8 Frontage Rd.

B From East Memorial Dr.

O From South Beltway 8 Frontage Rd.

O From West Memorial Dr.




Town Country Village at Memorial (West)

December 17, 2008
Turning Movement Count

300

250

200 -

w
=1

=
=]
N

wn
=]
.

Vehicular Volume

<
,

From North T'rom East From South From West
Town & Country Village Memorial Dr. Memorial Dr.
Time Left | Thru | Right [U-turn| Peds | Left | Thru | Right |U-turn| Peds | Left | Thru | Right | U-turn Peds | Left | Thru | Right |U-turn| Peds
7:00) 3 0 3 0 0 0 46 2 0 0 0 0 0 0 0 4 115 0 0 0
7:15( 5 0 10 0 0 0 04 5 0 0 0 0 0 0 0 7 136 0 0 0
7:30) 3 0 5 0 0 0 133 3 0 0 0 0 0 0 0 6 186 0 0 0
T:i45] 6 0 2 0 0 0 123 11 0 0 0 0 0 0 0 4 200 0 0 0
Hr. Total: 17 0 20 0 0 0 396 21 0 0 0 0 0 0 1] 21 646 0 0 0
B:00f 5 0 6 ¢ 0 0 131 14 0 0 0 0 0 0 0 10 200 0 0 0
B:15( 2 0 11 0 0 0 133 8 0 0 0 0 0 0 0 4 217 0 0 0
8:30) 6 0 11 0 0 0 102 o [ 0 0 0 4] 0 0 10 174 0 0 0
8:45] 4 0 5 0 0 0 107 8 Q 0 0 0 0 0 0 6 190 Q 0 0
Hr. Total: 17 0 33 0 0 0 473 39 0 0 0 0 0 0 0 30 781 0 0 0
11:00) 5 0 26 0 0 0 142 15 0 0 0 0 0 0 0 13 146 0 0 0
11:15( 10 0 33 0 0 0 161 19 0 0 0 0 0 0 0 25 147 0 0 0
11:30 18 0 36 0 0 0 163 20 0 0 0 0 0 0 0 15 168 0 0 0
11:45( © 0 31 0 0 0 181 24 0 0 0 0 0 0 0 27 145 0 0 0
Hr. Total: 42 0 126 0 0 0 6047 78 0 0 0 0 0 0 0 80 606 0 0 0
12:00( 10 0 40 0 1 0 197 22 0 0 0 0 0 0 0 17 168 0 0 0
12:15] 12 0 41 0 0 0 190 24 0 0 0 -0 0 0 0 20 170 0 0 0
12:30( 11 0 41 0 0 0 206 25 0 0 0 0 Q 0 0 22 144 0 0 0
12:45| 10 0 42 0 0 0 210 21 0 0 0 0 0 0 0 16 149 0 0 0
Hr. Total: 43 0 164 0 1 0 803 92 0 0 0 0 0 0 0 84 631 0 0 0
16:00] 2 0 41 0 0 0 218 7 0 0 0 0 0 0 0 5 145 0 0 0
16:15) 5 [¢] 45 0 0 0 253 17 0 0 0 0 0 0 0 4 169 0 0 0
16:30, 7 0 30 0 0 0 253 18 0 0 0 0 0 0 0 9 160 0 0 0
16:45] 13 0 46 0 [ 0 240 34 0 1 0 0 0 0 0 9 117 0 0 0
Hr. Total: 27 0 171 0 0 0 964 76 0 1 0 0 0 0 0 27 591 0 [] 0
17:00f 6 0 42 0 0 0 257 22 0 0 0 0 0 0 0 13 172 0 0 0
17:15] 2 0 34 0 0 0 243 13 0 0 0 0 0 0 0 24 1535 0 0 0
17:30) 0 0 34 0 0 0 248 7 0 0 (] (] 0 0 0 5 151 0 0 0
17:45( 5 0 3] 0 0 0 268 13 0 0 0 0 0 0 0 14 163 0 0 0
Hr. Total: 13 0 141 0 0 0 1,016 55 0 0 0 0 0 0 0 56 641 0 0 0
Gr. Total 159 0 655 0 1 0 4,299 | 361 0 1 0 ¢ 0 0 0 208 | 3,896 0 0 0
% of Tot. | 2% 0% 7% 0% 0% 0% | 44% | 4% 0% 0% 0% 0% 0% 0% 0% 3% | 40% | 0% 0% 0%
Apprch% 8% 48% 0% 43%
% of 20% 0% 80% | (0% 0% 0% | 92% 8% 0% 0% 0% 0% 0% 0% 0% 7% | 93% | 0% 0% 0%
Apprch
Left | Thru | Right |[U-turn| Peds | Left | Thru | Right [U-turn| Peds | Left | Thru | Right |U-turn| Peds | Left | Thra Right |U-turn| Peds
Town & Country Village Memorial Dr. Memorial Dr.
From North From East From South From West
g
]
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11:45

Time

12:45

w
z
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B From North Town & Country Village

Bl From East Memorial Dr.

B From South

ElFrom West Memorial Dr.

17:00
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Town Country Village at Memorial (East)

December 17, 2008
Turning Movement Count

From North From East From South From West
Town & Country Village Memorial Dr. Memorial Dr.
Time Left | Thru [ Right [U-turn| Peds | Left | Thru | Right |U-turn| Peds | Left | Thru | Right [U-turn| Peds | Left | Thru | Right | U-twrn| Peds
7:00 0 0 2 0 0 0 68 0 0 0 0 0 0 0 0 9 120 0 0 Q
7:5) 0 0 4 0 0 0 106 1 0 0 0 0 0 0 0 20 145 0 0 0
7:300 0 0 2 0 0 0 134 1 0 0 0 0 0 0 0 10 190 0 0 0
7:45 0 0 4 0 0 0 136 3 (] 0 0 0 0 0 0 20 183 0 [4] 0
Hr. Total: 0 0 12 0 0 0 444 5 0 0 0 0 0 0 0 59 638 0 0 0
8:00 0 0 3 0 1 0 126 i 0 0 0 0 0 0 0 17 197 0 0 0
8:15 2 0 9 0 0 0 112 4 0 Q 0 0 0 0 Q 28 169 0 0 0
8:30 2 0 1 0 0 0 102 5 0 Q 0 0 0 0 0 14 177 0 0 0
8:45 2 0 3 0 0 0 113 17 0 0 0 0 0 0 1 31 176 0 0 0
Hr. Total: 6 0 16 0 1 0 453 27 0 0 0 0 0 0 1 90 719 0 0 0
11:00 4 0 12 0 1 0 164 5 0 0 0 0 0 0 0 19 157 0 0 0
11:15 7 0 7 0 0 0 172 7 Q 0 0 Q 0 0 0 15 143 0 0 0
11:30 9 0 9 0 0 0 180 4 0 0 0 0 0 Q 0 23 152 0 0 0
11:45 5 0 13 0 0 0 183 o 0 0 0 0 0 0 0 16 150 0 0 0
Hr. Total: 25 0 41 0 1 0 699 25 0 0 0 0 0 0 0 73 602 0 0 0
12:00 2 0 7. 0 0 0 223 6 0 0 0 0 0 0 0 24 164 0 0 0
12:15 6 0 5 0 0 0 231 11 0 0 0 [¢] 0 0 0 27 142 0 0 0
12:30 0 0 10 0 0 0 215 11 0 0 0 0 0 0 0 15 132 0 0 4]
12:45 2 0 17 Q0 0 0 198 4 0 0 0 0 0 0 Q 19 145 Q 0 0
Hr. Total: 16 0 39 0 0 0 867 32 0 0 0 0 0 0 0 85 583 0 0 0
16:00 5 0 12 0 0 0 215 11 0 0 Q 0 0 0 0 17 125 0 0 0
16:15 4 0 24 0 1 0 246 21 0 0 Q 0 0 0 0 25 130 0 0 0
16:30 5 0 15 0 0 0 273 3 0 0 Q 0 0 0 ¢ 19 138 4] Q 0
16:45( 13 0 14 0 0 0 254 8 0 0 0 0 0 0 0 31 130 0 0 0
Hr. Total: 27 0 65 0 1 0 988 43 0 0 0 0 0 0 0 922 523 0 0 0
17:000 7 0 20 0 0 0 255 8 0 0 0 0 0 0 0 14 142 0 0 0
17:15 8 QO 16 0 0 0 259 4 0 0 0 0 0 0 0 22 141 0 4] 0
17:30 = 0 22 0 0 Q 207 1 0 0 0 0 0 0 0 19 139 0 0 0
17:45 7 0 20 0 0 0 248 2 0 0 0 0 0 0 0 23 134 0 0 0
Hr. Total: 27 0 78 0 0 0 269 15 0 0 0 0 0 0 0 18 556 0 0 0
Gr. Total 101 0 251 0 3 0 4,420 | 147 0 0 0 0 0 0 1 477 | 3,621 0 0 0
% of Tot. 1% 0% 3% 0% 0% 0% 49% 2% 0% 0% 0% 0% 0% 0% 0% 5% 40% 0% 0% 0%
Appreh% 4% 51% 0% 43%
% of 28% 0% 71% 0% 1% 0% 9% 3% 0% 0% 0% 0% 0% 0% 100% | 12% | 88% 0% 0% 0%
Apprch
Left | Thru | Right [U-twrn| Peds [ Left | Thru | Right [U-turn| Peds | Left | Thru | Right |U-turn| Peds [ Left | Thru | Right | U-turn| Peds
Town & Country Village Memorial Dr. Memorial Dr.
From North From East From South From West

g B

Vehicular Volume
3

=]

700

Time

Bl From North Town & Country Village

B From East Memovial Dr,

O From South

B From West Memorial Dr,




Memorial at W. Bough
December 17, 2008
Turning Movement Count

From North From East From South From West
W. Bough Memorial Dr. W. Bough Memorial Dr.
Time Left | Thru | Right [U-turn| Peds | Left | Thru | Right |U-turn| Peds | Left | Thru | Right |U-turn| Peds | Left | Thru | Right |U-turn| Peds
7:00 8 0 3 3 0 1 53 7 Q0 0 2 2 2 7 Q 6 102 2 0 0
7:15| 14 1 @ 6 0 0 95 25 Q 0 4 4] 1 1 4] 4 137 1 Q 0
7:30| 15 0 14 5 0 0 119 24 0 0 6 4 0 4 0 7 155 8 0 1
7:45| 25 1 6 8 0 0 119 a5 0 1 7 11 4 4 0 15 144 5 0 0
Hr. Total: 62 2 32 22 0 1 386 91 0 1 19 17 7 16 0 32 538 16 0 1
8:00| 25 2 13 9 0 0 123 56 0 0 1 10 0 1 0 7 190 7 0 0
8:15| 34 7 9 9 0 0 117 46 0 1 0 7] 1 7 0 10 167 3 0 0
8:30| 27 4] 12 4] 0 1 102 29 0 0 2 2 3 4 0 12 140 1 0 0
8:45| 21 2 7 4] 0 [ 120 43 0 0 2 3 0 S 0 15 156 4 0 0
IHr. Total: 107 17 41 30 0 1 462 174 0 1 5 22 4 17, 0 44 653 15 0 0
11:00f 48 3 11 5 0 0 159 41 0 0 2 1 1 8 1 15 134 3 0 0
11:15| 45 2 12 7 0 0 157 49 0 0 5 4 2 2 0 12 116 2 0 Q
11:30( 49 4 28 12 0 1 147 37 0 1 1 ) 2 3 0 18 124 7 0 Q
11:45| 48 4 14 9 0 0 176 30 0 0 1 3 1 2 [¢] 7 140 1 0 0
Hr. Total: 190 14 65 a3 0 1 639 166 0 1 9 13 6 15 1 59 514 13 0 0
12:00( 52 5 30 11 0 1 193 34 0 0 0 8 0 5 0 10 139 2 0 0
12:15( 55 8 28 8 0 1 196 51 0 0 6 5 2 5 0 16 124 1 4] 0
12:30( 59 3 22 [§ 0 0 193 40 0 0 2 3 0 4 0 ¢ 132 2 0 1
12:45( 42 4 20 3 0 0 190 41 0 0 2 4 0 3 0 9 128 Z 0 0
Hr. Total: 208 20 100 28 0 2 172 166 0 0 10 20 2 17 0 41 523 7 0 1
16:00| 68 5 20 5 0 2 221 03 0 0 0 5 0 6 0 14 121 6 0 0
16:15( 54 10 19 5 0 Q 229 58 0 0 1 5 0 1 0 19 117 2 0 3
16:30] 59 3 18 12 0 4 261 50 0 0 4 4 1 1 1 15 112 6 0 0
16:45] 64 11 20 5 0 4 226 49 0 0 [ 10 4 3 0 15 112 6 0 1
Hr. Total: 245 29 77 27 0 10 937 220 0 0 11 24 5 11 1 63 462 27 0 4
17:00] 58 10 17 8 0 1 262 49 0 0 5 3 2 1 0 18 142 9 0 0
17:15] 77 11 18 o 0 0 252 66 0 1 2 4 2 5 0 16 134 7 0 0
17:30] 53 11 21 6 0 11 200 63 0 0 1 11 1 1 2 17 122 7 0 3
17:45] 80 6 19 8 0 1 209 46 0 0 1 5 0 5 0 25 113 5 0 0
Hr. Total: 268 38 15 31 0 13 923 224 0 1 9 23 5 12 2 76 511 28 0 3
Gr. Total | 1,080 ] 120 390 171 0 28 | 4,119 ] 1,041 0 4 63 119 20 88 4 315 | 3,201 | 106 0 0
% of Tot. | 10% 1% 4% 2% 0% 0% | 38% | 10% | 0% 0% 1% 1% 0% 1% 0% 3% | 29% 1% 0% 0%
Apprch% 16% 48% 3% 33%
% of 61% | 7% | 22% | 10% | 0% 1% | 79% | 20% | 0% 0% | 21% | 39% | 10% | 29% 1% 0% | 88% | 3% 0% 0%
Apprch
Left | Thru | Right |U-turn| Peds | Left | Thru | Right [U-turn| Peds | Left | Thru | Right |U-turn| Peds | Left | Thru | Right |U-turn| Peds
W. Bough Memorial Dr. W. Bough Memorial Dr,
From North From East From South From West

Vehicular Volume

o

Time

E From North W, Bough

From East Memorial Dr.

O From South W. Bough

EFrom West Memorial Dr.
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PEAK HOUR DIAGRAMS
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APPENDIX C

ALTERNATIVE DRAWINGS

LAN Project #: 120-10308-000-445 : an
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MEMORIAL CITY TIRZ 17

MEMORIAL DRIVE TRAFFIC STUDY
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ALTERNATIVE 1: ONE LEFT TURN LANE
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APPENDIX D

SYNCHRO ANALYSIS

LAN Project #: 120-10308-000-445 |qn



HCM Signalized Intersection Capacity Analysis
2: Memorial Drive & Beltway 8 NSR

3/6/2009

Lane Configurations L1 J44
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 0.91 091 1.00
Frt 1.00 1.00 0.97 1.00 0.85
Flt Protected 095 1.00 1.00 099 1.00
Satd. Flow (prot) 1770 3539 4931 5049 1583
Flt Permitted 0.95 1.00 100 0.99 1.00
Satd. Flow (perm) 1770 3539 4931 5049 1583
Volume (vph) . 348 @71 0 0 444 113 282 1687 231 g 0 0
Peak-hour factor, PHF 097 097 097 097 097 097 097 097 097 097 097 097
Adj. Flow (vph) 360 692 0 g 458 116: 291 1739 738 0 0 0
RTOR Reduction (vph) 0 0 0 0 37 0 0 0 74 0 0 0
Lane Group Flow (vph) 360 692 0 0 537 0 0 2030 164 0 g0
Turn Type Prot Prot Perm
Protected Phases 7 4 8 5 2
Permitted Phases 2
Actuated Green, G (s) 33.0 54.0 17.0 58.0 58.0
Effective Green, g (s) 33.0 54.0 17.0 58.0 58.0
Actuated g/C Ratio 028 0.45 0.14 048 0.48
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0
Lane Grp Cap (vph) 487 1593 699 2440 765
v/s Ratio Prot c0.20 0.20 c0.11 ¢0.40
v/s Ratio Perm 0.10
v/c Ratio 0.74 0.43 0.77 083 0.21
Uniform Delay, d1 396 226 49.6 268 17.9
Progression Factor 1.00 1.00 0.89 1.00 1.00
Incremental Delay, d2 9.7 0.9 7.8 35 09
Delay (s) 493 234 52.0 30.3 185
Level of Service D (€ D Cc B
Approach Delay (s) 32.3 52.0 29.0 0.0
D c A

HCM Average Control Delay
HCM Volume to Capacity ratio
Actuated Cycle Length (s)
Intersection Capacity Utilization
Analysis Period (min)

¢ Critical Lane Group

e

0.79
120.0
78.8%
15

HCM Level of Service

Sum of lost time (s)
ICU Level of Service

2009 AM Exisitng
Lockwood, Andrews & Newnam, Inc.

Synchro 6 Report
Page 1



HCM Unsignalized Intersection Capacity Analysis
3: Memorial Drive & T&C Village West DW 3/6/2009

A oo AN S

Move _WBR SB

Lane Configurations d% b N if

Sign Control R ST

Grade 0% 0% 0%

Volume (veh/h) 44 pid sl 3s 8 on i
Peak Hour Factor 095 095 095 095 095 095

Hourly flow rate (vph) 25 855 647 58 17 25
Pedestrians
Lane Width (ft)

Walking Speed (ft/s)

PeiceiBISloeE > 0 D EEe . e
Right turn flare (veh)

Median type b Rased
Median storage veh) 0

Upstream signal (ft) i ke

pX, platoon unblocked 0.87

vC, conflicting volume 585 1044 293

vC1, stage 1 conf vol 566

vC2, stage 2 conf vol a4y
vCu, unblocked vol 585 905 293

tC, single (s) ' a1 - . 68 60

tC, 2 stage (s) 5.8

el 22 dg 38 3

p0 queue free % 97 94 96

oM capacity (vetvh) 986 sy Gy

310 570 365 220 17 25

Volume Left 25 0 0 0 17 0
Volume Right 0 0 g 38 0 25
c¢SH 986 1700 1700 1700 277 704
Volume to Capacity 003 034 021 013 006 0.04
Queue Length 95th (ft) 2 0 0 0 5 3
Control Delay (s) 1.0 0.0 00 00 188 103
Lane LOS A C B
Approach Delay (s) 0.3 0.0 13.7
Approach LOS B

In t

Average? elay ' e

Intersection Capacity Utilization 49.8% ICU Level of Service = A

Analysis Period (min) 15

2009 AM Exisitng Synchro 6 Report

Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis
4: Memorial Drive & T&C Village East DW

3/6/2009

Lane Configurations
SignConfroli =
Grade

Volume (veh/h) 75
Peak Hour Factor 0.98

Hourly flow rate (vph) 77
Pedestrians

Lane Width (ft)
Percent Blockage

Right turn flare (veh)
Mediantype =~
Median storage veh)

Upstream signal (ft)

pX, platoon unblocked  0.99

vC, conflicting volume 558

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

vCu, unblocked vol 544
C, single (s) 41
tC, 2 stage (s)

tF (s) 25
p0 queue free % 92

cM capacity (veh/h) 1011

Tota 333

Volum

Volume Left 77
Volume Right 0
cSH 1011

Volume to Capacity 0.08
Queue Length 95th (ft) 6

Control Delay (s) 2.6
Lane LOS A
Approach Delay (s) 1.0

e

837

— A\ J
BR  SBL

i N

Freel i Siop

0% 0%

538 i 9 . 2iug
098 098 098 098

B AQEEY g

Rkl
0
I
0.89 0.99
1001 279
554
el
046 262
68 ‘69
5.8
_______ R
99 97

58 ._!.'2:9..

366 192 gias
0 0 2 0
0 9 grEEEs

0 0 1 2
0.0 0.0 189 101
c B

0.0 10.9

Intersection Capacity Utilization

Analysis Period (min)

0.8
515%  ICU Level of Service
19

2009 AM Exisitng

Lockwood, Andrews & Newnam, Inc.

Synchro 6 Report
Page 2



HCM Signalized Intersection Capacity Analysis
5: Memorial Drive & West Bough Lane 3/6/2009

“"\)n‘\fﬁ fdﬁf"—’
- S—

Lane Configurations "i ‘H’

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0

Lane Util. Factor 100 Q95 = <« = 0.95 1.00 1.00. 1.00

Frt 1.00 0.99 0.96 0.99 1.00 0.88

Flt Protected 0.95 1.00 100 - gog . G005 100

Satd. Flow (prot) 1770 3521 3405 _ 1812 1770 1636

Flt Permitted 095 1.00 i 1.00 0.91 0.91 1.00

Satd. Flow (perm) 1770 3521 3405 1676 1696 1636
Volume (vph) 39 6% 23 0 478 181 14 g2 5 99 10 42
Peak-hour factor, PHF 090 090 090 090 090 090 090 090 090 0.90 090 0.90
Adj. Flow (vph) A3 70 26 =0 531 179 6 36 6 110 11 47
RTOR Reduction (vph) 0 2 0 0 34 0 0 5 0 0 40 O
Lane Group Flow (vph) 43 753 0 0 676 0 ¢ 53 Qg 110 18 0
Turn Type Prot Prot Perm Perm

Protected Phases 1 6 5 2 4 : 8
Permitted Phases 4 8

Actuated Green, G(s) 3.2 433 _ 36.1 - i 87 @87
Effective Green, g (s) 3.2 433 36.1 8.7 8.7 8.7
Actuated g/C Ratio 0.05 0.72 0.60 0.14 0.14 0.14
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 94 2541 2049 243 246 237

v/s Ratio Prot 0.02 c0.21 : c0.20 ' 0.01

v/s Ratio Perm 0.03 c0.06

v/c Ratio 046 0.30 0.33 0.22 0.45 0.08
Uniform Delay, d1 27.6 3.0 5.9 226 235 222
Progression Factor 078 054 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.3 0.3 0.4 0.5 1.3 0.1

Delay (s) 24.7 1.9 ] 6.4 23.1 247 223

Level of Service C A A C c C
Approach Delay (s) 3.1 - 6.4 23.1 23.9
Approach LOS A A C C

HCM Average Control Delay 7.1 HCM Level of Service A

HCM Volume to Capacity ratio 0.34

Actuated Cycle Length (s) 60.0 Sum of lost time (s) 80

Intersection Capacity Utilization 44.3% ICU Level of Service : A

Analysis Period (min) 15

¢ Critical Lane Group

2009 AM Exisitng Synchro 6 Report
Lockwood, Andrews & Newnam, Inc. Page 2



HCM Signalized Intersection Capacity Analysis
2: Memorial Drive & Beltiway 8 NSR 3/6/2009

e R 2R

Mo

b

Lane Configurations 5

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0

Lane Util. Factor oo oas s 091 1.00

Frt 1.00 1.00 0.97 1.00 0.85

Flt Protected goae fog - : - 1.00 0.99 1.00

Satd. Flow (prot) 1770 3539 4931 5049 1583

Flt Permitted 095 1.00 . . 080100

Satd. Flow (perm) 1770 3539 4931 5049 1583

Volume (vph) 44 a7 0 G 444 113 282 1687 231 = 0O 0 0

Peak-hour factor, PHF 097 097 097 097 097 097 097 097 097 097 097 097

Growth Factor (vph) ~ 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105%
Adj. Flow (vph) 378 726 0 0 481 122 305 1826 250 0 0 0
RTOR Reduction (vph) 0 0. 06 0y 0 0 g & 0 gi 0

Lane Group Flow (vph) 378 726 0 0 566 0 0 2131 187 0 0 0

Turn Type . Prot : Prot Perm
Protected Phases 7 4 8 5 2
Permitted Phases = : _ 2
Actuated Green, G (s) 320 53.0 17.0 59.0 59.0
Effective Green,g(s) 32.0 53.0 170 59.0 59.0
Actuated g/C Ratio 0.27 0.44 0.14 049 049
Clearance Time (s) 4.0 4.0 4.0 : 4.0 4.0
Lane Grp Cap (vph) 472 1563 699 2482 778
v/s Ratio Prot c0.21  0.21 - ¢0.11 c0.42

v/s Ratio Perm 0.12
v/c Ratio 0.80 0.46 D8y 0.86 0.24
Uniform Delay, d1 41.0 235 499 268 17.6
Progression Factor 1.00 1.00 0.89 1.00 1.00
Incremental Delay, d2 13.3 1.0 9.6 4.1 0.7
Delay (s) 544 245 . 540 310 183
Level of Service D C D C B
Approach Delay (s) 34.7 54.1 29.6 0.0
Approach LOS C D C A
Intersecti

HCM Average Control Delay 34.6 HCM Level of Service C
HCM Volume to Capacity ratio aes

Actuated Cycle Length (s) 120.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 82.2% ICU Level of Service £
Analysis Period (min) 15

¢ Critical Lane Group

2014 AM No Build Synchro 6 Report
Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis
3: Memorial Drive & T&C Village West DW 3/6/2009

Ao AN S

Movemen

Lane Configurations 4+ b b1

Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 24 TEig R 06 8 o4
Peak Hour Factor 095 095 095 095 095 095
Hourly flow rate (vph) 27 897 Bf5 40 18 27
Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage
Right turn flare (veh)

Median type . - Raised
Median storage veh) 0
Upstream signal (ft) Se o rhh

pX, platoon unblocked 0.86

vC, confligfingvolume. 616 = = 1096 307
vC1, stage 1 conf vol 595

vC2, stage 2 con vol - Dl e
vCu, unblocked vol 615 952 307
tC, single (s) 4.1 . g8 64
tC, 2 stage (s) 58

EE e ey T e
p0 queue free % 97 93 96

cM capacity (veh/h) 961 - 265 689

D Wi v
Volume Total 326 598 383 23 18 27

Volume Left 27 0o 0 0 18 0
Volume Right 0 g -0 40 0 20
cSH 961 1700 1700 1700 265 689

Volume to Capacity 0.03 035 023 014 007 004
Queue Length 95th (ft) 2 0 0 0 5 3

Control Delay (s) 10 00 G0 00 195 104
Lane LOS A C B
Approach Delay (s) 04 0.0 141
Approach LOS B

AA\;fterage Delay 0.6 o

Intersection Capacity Utilization - 51.8% ICU Level of Service A

Analysis Period (min) _ 15

2014 AM No Build Synchro 6 Report

Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis
4: Memorial Drive & T&C Village East DW 3/6/2009

A v AN S

o

Lane Configurations 44 b %
S e e St

Grade 0% 0% 0%
Volume (veh/h) 75 753 538 gamio
Peak Hour Factor 098 098 098 098 098 0098
Hourly flowrate(vph) 80 807 576 10 2 19
Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage
Right turn flare (veh)

Mediantpe = . - Raised

Median storage veh) 0

Upstream signal (ft) _ 837 493

pX, platoon unblocked ~ 0.98 088 098

vC, conflicting volume 586 e s T

vC1, stage 1 conf vol ' 581

vod Seagdcdntvol. . e
vCu, unblocked vol 558 967 259

(C, single (s) 41 e e e

tC, 2 stage (s) 58

9) , _ R

p0 queue free % 99 @7
cM capacity (ven/h) 989 252 726

Direct

Volume Total 349 538 384 202 2 19
Volume Left 80 0 0 0 2 0
Volume Right 0 0 0 10 0 19
¢SH 989 1700 1700 1700 252 726

Volume to Capacity 0.08 032 023 0.12 0.01 0.03
Queue Length 95th (ft) 7 0 0 0 1 2

Control Delay (s) 2.7 0.0 0.0 00 194 101
Lane LOS A C B
Approach Delay (s) 1.1 0.0 11.0
Approach LOS B
Intersection
> Delay 0.8 N
Intersection Capacity Utilization 53.4% ICU Level of Service A
Analysis Period (min) 15
2014 AM No Build Synchro 6 Report

Lockwood, Andrews & Newnam, Inc. Page 2



HCM Signalized Intersection Capacity Analysis
5: Memorial Drive & West Bough Lane 3/6/2009

Mo :

Lane Configurations LR L

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0

Lane Util. Factor = 100 0095 0.95 1.00 1.00 1.00

Frt 1.00 0.99 0.96 0.99 1.00 0.88

Flt Protected ges 100 oD - Uog 095 1.00

Satd. Flow (prot) 1770 3521 3405 1813 1770 1638

Fit Permitted 095 1.00 : 1.00 0.91 090 100
Satd. Flow (perm) 1770 3521 3405 1680 1683 1638
Volume (vph) 39 658 - 23 0 478 161 14 & 5 odg 10 42

Peak-hour factor, PHF  0.90 0.90 090 090 0.90 090 0.90 090 090 090 090 0.90
Growth Factor (vph) ~ 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105%
Adj. Flow (vph) 46 765 27 0 558 188 16 37 6 116 12 49
RTOR Reduction (vph) 0 2 0 0 34 00 8 0 0 42 0
Lane Group Flow (vph) 46 790 0 0 712 0 0 54 0 116 19 0

Turnivpe & et Prot - Brot Perm . Perm

Protected Phases 1 6 5 2 4 8
Permitted Phases ' - 4 8

Actuated Green, G (s) 3.2 431 35.9 8.9 8.9 8.9
Effective Green, g (s) 32 431 35.9 8.9 8.9 8.9
Actuated g/C Ratio 0.05 0.72 0.60 0.15 0.15 0.15
Clearance Time (s) 4.0 4.0 ' 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 94 2529 - 2037 249 250 243
v/s Ratio Prot 0.03 c0.22 c0.21 0.01
v/s Ratio Perm : : . . 0.03 c0.07

vic Ratio 049 0.31 0.35 0.22 0.46 0.08
Uniform Delay, d1 il 6.1 s PEEeu
Progression Factor 0.73 0.53 1.00 1.00 1.00 1.00
Incremental Delay, d2 37 03 0.5 . o 0.4 1.4 0.1
Delay (s) 23.9 1.9 6.6 22.9 247 22.2
Level of Service C A A C C C
Approach Delay (s) 3.1 6.6 22.9 23.8

Approach LOS A A _ C C

g 72 HCM Level of Service A :

HCM Average Control Delay

HCM Volume to Capacity ratio 0.35 - -

Actuated Cycle Length (s) 60.0  Sum of lost time (s) 8.0

Intersection Capacity Utilization 45.6% ICU Level of Service A

Analysis Period (min) 15

¢ Critical Lane Group

2014 AM No Build Synchro 6 Report
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HCM Signalized Intersection Capacity Analysis
2: Memorial Drive & Beltiway 8 NSR 3/6/2009

1900 1900 0 1900 19 L 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0
CapeUnilaie = 100 ogs 0.91 - (IR
Frt 1.00 1.00 0.97 1.00 0.85
FltProtected 095 1.00 1.00 (TR e
Satd. Flow (prot) 1770 3539 4951 5044 1583
Flt Permitted gos 100 o 1.00 099 1.00 o
Satd. Flow (perm) 1770 3539 4951 5044 1583 B
Volume (vph) 260 540 0 0 8% 176 204 103¢ 281 O 0 0
Peak-hour factor, PHF  0.90 0.90 0.90 090 090 090 090 090 090 090 090 0.90
Adj. Flow (vph) 280 600 0 0 9l7 198 207 {45 0 0 g 0
RTOR Reduction (vph) 0 0 0 0 49 0 0 0 168 0 0 0
Lane Group Flow (vph) 289 600 0 0 1064 0 g 139 111 0 0 0
Turn Type Prot Prot Perm
Protected Phases 7 470 8 5 2
Permitted Phases 2
Actuated Green, G (s) 120 320 16.0 1200 200
Effective Green, g (s) 12.0 32.0 16.0 200 20.0
Actuated g/C Ratio 0.20 0.53 0.27 0.33 0.33
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0
Lane Grp Cap (vph) 354 1887 1320 1681 528
v/s Ratio Prot c0.16 0.17 c0.21 c0.27
v/s Ratio Perm ' 0.07
v/c Ratio 082 0.32 0.81 082 0.21
Uniform Delay, d1 229 79 20.5 184 143
Progression Factor 1.00 1.00 0.72 1.00 1.00
Incremental Delay, d2  18.5 0.4 ' 5.2 ' 4.6 0.9
Delay (s) 414 83 19.9 230 15.2
Level of Service D Al B C B
Approach Delay (s) 19.1 19.9 21.7 0.0

Approach LOS B B o C : A

HCM Average Control Delay 20.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 60.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 68.4% ICU Level of Service C
Analysis Period (min) 15

¢ Critical Lane Group

2009 Midday Existing Synchro 6 Report
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HCM Unsignalized Intersection Capacity Analysis
3: Memorial Drive & T&C Village West DW

3/6/2009

Lane Configurations
Sign Control

Grade

Volume (veh/h)
Peak Hour Factor

88
0.94
94
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume

0.90
905

vCu, unblocked vol
tC, single (s)

tC, 2 stage (s)
@ e
p0 queue free %

cM capacity (veh/h)

790

2.2
87
747

Direction, Lan

Volume Total 326
Volume Left 94
Volume Right : 0
cSH 747
Volume to Capacity 0.13

Queue Length 95th (ft) 11

Control Delay (s) 4.1
Lane LOS A
Approach Delay (s) 1.7

Approach LOS

A

—

— N\

~ Free
0%
761 90
0.94 |

- 810

Raised
0

0.93

: TR

- 857
536
1165

5.8

55

| e
201

A 5

6.8

148
0.94

157

10.90
453

20
88

33
75
640

157

157
640
0.25
24
12.5

Average Delay B
Intersection Capacity Utilization
Analysis Period (min)

465 540 366 46
0 0 0 46
0 0 96 0
1700 1700 1700 201
027 032 022 023
0 0 0 21
00 00 00 281
D
0.0 16.0
G
2.4
57.9%
15

ICU Level of Service B

2009 Midday Existing

Lockwood, Andrews & Newnam, Inc.

Synchro 6 Report
Page 1



HCM Unsignalized Intersection Capacity Analysis
4: Memorial Drive & T&C Village East DW 3/6/2009

Ao N S

M /

Lane Configurations ¢ b L if

SignControl = ' Free Free S

Grade 0% 0% 0%

Volume (veh/h) 90 608 817 3046 B4

Peak Hour Factor 097 097 097 097 097 097

Houryflowrdi@@phle . 93 627 842 = 31 e 35 o aimmmmeee s
Pedestrians

Lane Width (ft)

Walking Speed (ft/s)
Percent Blockage

Right turn flare (veh)
Medianpel @l == Raised
Median storage veh) 0
Upstream signal (ft) 837 493 = 0
pX, platoon unblocked  0.86 0.86 0.86
vC, conflictingVolums. . 878 1 1957 437
vC1, stage 1 conf vol 858
vC2, stage 2confvol _ 49
vCu, unblocked vol 691 1252 183
tC, single (s) = a1 i 68 60 -
tC, 2 stage (s) 5.8
tF (s) e e s
p0 queue free % 88 92 95 o
cM capacity (veh/h) | 4 = 19
olume Total
Volume Left 93 0 0 0 16 0
Volume Right ' 0 0 0 a0 a5
cSH 774 1700 1700 1700 194 712

Volume to Capacity 012 025 033 018 008 0.05
Queue Length 95th (ft) 10 0 0 0 7 4

Control Delay (s) 4.1 0.0 0.0 0.0 252 103
Lane LOS A D B
Approach Delay (s) 1.7 0.0 ' 16.1

Approach LOS G

In

AverageDelay 1.2 B

Intersection Capacity Utilization 56.3% ICU Level of Service B

Analysis Period (min) 15

2009 Midday Existing Synchro 6 Report

Lockwood, Andrews & Newnam, Inc. Page 2



HCM Signalized Intersection Capacity Analysis
5: Memorial Drive & West Bough Lane 3/6/2009

A oA X

Mo SWR
Lane Configurations N A

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0

Lane Util. Factor 100 098 = @ 100 005 = aEe 100 1.00 1.00

Frt 1.00 1.00 1.00 0.97 0.98 1.00 0.88

Flt Protected 095 400 s 095 1.00 0.99 095 1.00

Satd. Flow (prot) 1770 3529 1770 3441 1806 1770 1633

Flt Permitted 085 1000 - 0095 100 .. . (04 0.73. .1.00

Satd. Flow (perm) 1770 3529 1770 3441 1720 1368 1633
Volume (vph) b1 L2¢ 11 a 712 18] 8 21 5 208 21 100
Peak-hour factor, PHF  0.97 097 097 097 097 097 097 097 097 097 097 097
Adj. Flow (vph) 53 543 11 3. 134 166 8 22 5 214 22 103
RTOR Reduction (vph) 0 2 0 0 28 0 0 4 0 0 79 0
Lane Group Flow (vph) 53 552 0 3 872 0 0 31 65 pal 46 0
Turn Type Prot Prot Perm Perm

Protected Phases 1 6 ' 5 2 e 4 -8
Permitted Phases 4 8

Actuated Green, G (s) 52 335 08 29.1 : _ 187 1&e . 17
Effective Green, g (s) 5.2 335 08 291 . 13.7 13.7 13.7
Actuated g/C Ratio 0.09 0.56 001 049 0.23 023 073
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 30 30 .30 30 3.0 3.0 3.0

Lane Grp Cap (vph) 153 1970 24 1669 393 312 373

v/s Ratio Prot - ¢c0.03 c0.16 0.00 c0.25 0.03

v/s Ratio Perm 0.02 c0.16

vic Ratio 0.35 0.28 2012 052 0.08 069 0.12
Uniform Delay, d1 258 69 29.3 10.7 18.2 212 184
Progression Factor 097 0.62 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.3 0.3 2.3 1.2 0.1 6.1 0.1

Delay (s) 264 486 316 118 18.3 2737 185

Level of Service C A C B B C B
Approach Delay (s) 6.5 11.9 : 18.3 241

Approach LOS A B B C

Inte

HCM Average Control Delay 12.5 HCM Level of Service B
HCM Volume to Capacityratio  0.51 ' _

Actuated Cycle Length (s) 60.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization - 56.3% ICU Level of Service B
Analysis Period (min) B 15

¢ Critical Lane Group

2009 Midday Existing Synchro 6 Report
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HCM Signalized Intersection Capacity Analysis
2: Memorial Drive & Beltway 8 NSR 3/6/2009

Lane Configurations 444 '
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 ' 0.91 091 1.00
Frt 1.00 1.00 0.97 1.00 0.85
Flt Protected 095 1.00 - 1.00 099 1.00
Satd. Flow (prot) 1770 3539 4951 5044 1583
Flt Permitted 095 1.00 1.00 099 1.00
Satd. Flow (perm) 1770 3539 4951 5044 1583
Voluma(vohy = 260 640 0 0 825 176 204 1037 251 0. O 0

Peak-hour factor, PHF 090 0.90 0.90 090 090 090 090 090 090 090 090 0.90
Growth Factor (vph)  105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105%

Adj. Flow (vph) 303 630 0 0 962 205 238 1210 293 0 0 0
RTOR Reduction (vph) 0 a0 0 44 0 0 0 155 G aag 0
Lane Group Flow (vph) 303 630 0 0 1123 0 0 1448 138 0 0 0
Turn Type Prot : Prot  Perm

Protected Phases 7 4 8 5 2

Permitted Phases ' - _ 2

Actuated Green, G (s) 12.0 32.0 16.0 20.0 20.0

Effective Green, g (s) 12.0 320 16.0 20.0  20.0

Actuated g/C Ratio 0.20 0.53 0.27 0.33 0.33

Clearance Time (s) 4.0 4.0 4.0 : 4.0 4.0

Lane Grp Cap (vph) 354 1887 1320 1681 528

v/s Ratio Prot c0.17 0.18 c0.23 c0.29

v/s Ratio Perm 0.09

v/c Ratio 0.86 0.33 0.85 - 0.86 0.26

Uniform Delay, d1 23.2 79 209 18.7 146

Progression Factor 1.00 1.00 0.75 1.00 1.00

Incremental Delay, d2 22.4 0.5 6.8 6.1 1.2

Delay (s) 456 8.4 22.5 248 158

Level of Service D A C C B

Approach Delay (s) 20.5 225 23.3 0.0

Approach LOS C C C A

HCM Average Control Delay 22.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.86
Actuated Cycle Length (s) 60.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 71.4% ICU Level of Service . C
Analysis Period (min) 15

¢ Critical Lane Group

2014 Midday No Build Synchro 6 Report
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HCM Unsignalized Intersection Capacity Analysis
3: Memorial Drive & T&C Village West DW

3/6/2009

Movemen

Lane Configurations
Sign Control
Grade

Volume (veh/h)
Peak Hour Factor
Hourly flow rate (vph)
Pedestrians

Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage

Right turn flare (veh)

Median type

Median storage veh)
Upstream signal (ft)
pX, platoon unblocked

vC, conflicting volume

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol
tC, single (s)

tC, 2 stage (s)

tF (s)

p0 queue free %
cM capacity (veh/h)

ion, Lan
Volume Total
Volume Left
Volume Right
cSH

Volume to Capacity

Queue Length 95th (ft)

Control Delay (s)
Lane LOS
Approach Delay (s)
Approach LOS

F R

Free Free = Stop

o 0 e

88 655 761 90 43

094 094 094 094 094
98 mE 0 e

Ralsed

g
313

0

- e |
090 0.94
951 ' 1463
900

839 1217
m S 88
5.8

22 3.5
86 : 75
715 - 189

A D
1.8 0.0 16.9
C

0.90
475

6.9

a3

73

165

165
617
0.27
27
13.0

Intersectiol
Average Delay

Intersection Capacity Utilization

Analysis Period (min)

2.6
60.1%
15

~ICU Level of Service

2014 Midday No Build

Lockwood, Andrews & Newnam, Inc.

Synchro 6 Report
Page 1



HCM Unsignalized Intersection Capacity Analysis
4. Memorial Drive & T&C Village East DW 3/6/2009

A o v N Y

Lane Configurations I+ b } L _

Sign Control Free Free Stop

Grade 0% 0% 0%

Volume (vehth) 90°° 608 817 30 6. 34 uamEEm
Peak Hour Factor 097 097 097 097 097 0.97

Holdyflowigté®ph} = 97 658 884 99 9 a5y

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage
Right turn flare (veh)

Median type ' Raised

Median storage veh) 0

Upstream signal (ft) 837 408 i

pX, platoon unblocked  0.86 0.86 0.86

vC, conflicting volume 917 o arel

vC1, stage 1 conf vol 901

vC2, stage 2confvol = e

vCu, unblocked vol 740 1331 207

tC, single (s) 4.1 o B 60

tC, 2 stage (s) 5.8

{F (5) . e . _ A S
p0 queue free % 87 a0 95

cM capacity (veh/h) 741 . st
Volume Total 317 439 65590 327 17 37

Volume Left 97 0 0 0 17 0

Volume Right 0 0 Qo 32 0 37

cSH 741 1700 1700 1700 181 687

Volume to Capacity 013 026 035 0492 010 005
Queue Length 95th (ft) 11 0 0 0 8 4

Control Delay (s) 4.4 0.0 0.0 0.0 269 105

Lane LOS A D B

Approach Delay (s) 1.8 0.0 15.8

Approach LOS C

AverageDeIayﬂ_ 13

Intersection Capacity Utilization 58.4%  ICU Level of Service B

Analysis Period (min) 15

2014 Midday No Build Synchro 6 Report
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HCM Signalized Intersection Capacity Analysis
5: Memorial Drive & West Bough Lane 3/6/2009

“\)h'\f3/ﬂf\‘("’

! SEL : NER

Lane Configurations % ‘H; LI 4 S

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0

Lane Util. Factor 1.00 0.95 1.00 0.95 R0 1000 100

Frt 1.00 1.00 1.00 0.97 0.98 1.00 0.88

Flt Protected 095 1.00 095 1.00 099 095 1.00

Satd. Flow (prot) 1770 3528 1770 3441 1807 1770 1632

Fit Permitted 095 106 . (05 100 094 073 1.00

Satd. Flow (perm) 1770 3528 1770 3441 1713 1365 1632
Volume (vph) 51 % 1 3 717 14l g8 A 5 208 21 100

Peak-hour factor, PHF~ 0.97 0.97 097 097 097 097 097 097 097 097 097 0.97
Growth Factor (vph)  105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105%
Adj. Flow (vph) 55 570 12 3 771 174 9 23 5 225 23 108
RTOR Reduction (vph) 0 2 0 g 75 0 0 4 0 i chia D

Lane Group Flow (vph) 55 580 0 3 920 0 0 33 0 225 48 0

Turn Type Prot Prot : Perm R
Protected Phases 1 6 5 2 4 8
Permitted Phases 4 : 8
Actuated Green, G (s) 2.8 331 0.8 311 141 141 141
Effective Green, g (s) 28 331 - 08 311 141 141 141
Actuated g/C Ratio 0.05 0.55 0.01 0.52 0.24 024 024
Clearance Time (s) 4.0 4.0 4.0 4.0 : 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 83 1946 . 24 1784 403 321 384
v/s Ratio Prot c0.03 0.16 0.00 c0.27 0.03
v/s Ratio Perm - 0.02 . ¢0.16 _
v/c Ratio 066 0.30 012 0.2 0.08 070 0.13
Uniform Delay, d1 28.1 7.2 29.3 9.5 a9 21:0- 184
Progression Factor 0.80 0.67 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 17.4 0.4 2.3 1.1 : 0.1 6.8 0.1
Delay (s) 39.9 5.2 316 106 18.0 278 182
Level of Service D A Cc B B C B
Approach Delay (s) 8.2 10.6 18.0 24.3

Approach LOS A B B C

mmary . S
HCM Average Control Delay 12.4 HCM Level of Serwce

HCM Volume to Capacity ratio 0.58
Actuated Cycle Length (s) 60.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 58.2% ICU Level of Service B
Analysis Period (min) ' 15

¢ Critical Lane Group

2014 Midday No Build Synchro 6 Report
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HCM Signalized Intersection Capacity Analysis
2: Memorial Drive & Beltway 8 NSR 3/6/2009

Lane Configurations

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0

Lane Util. Factor ~ 1.00 095

Frt 1.00 1.00

Flt Protected 095 100

Satd. Flow (prot) 1770 3539

Flt Permitted 095 1.00

Satd. Flow (perm) 1770 3539

Volume (vph) 249 514 0. (0 1080 115 32F 1O 203 0o: 00
Peak-hour factor, PHF  0.91 091 091 091 091 091 091 091 091 091 091 0.91
Adj. Flow (vph) 265 565 0 01184 1260 350 158G 794 0 0 0
RTOR Reduction(vph) 0 0 0 0 11 0 0o 0 90 0 0 0
Lane Group Flow {(vph) 265 565 0 0 1302 0 0 2248 133 0 0 0
Turn Type Prot Prot Perm

Protected Phases 7 4 o 8 5 2

Permitted Phases 2

Actuated Green, G (s) 16.0 58.0 : 38.0 540 540

Effective Green, g (s) 16.0 58.0 38.0 540 54.0

Actuated g/C Ratio 0.13 048 ' 0.32 045 045

Clearance Time (s) 4.0 4.0 4.0 4.0 4.0

Lane Grp Cap (vph) 236 1711 86 2270 712

v/s Ratio Prot c0.15 0.16 c0.26 c0.45

v/s Ratio Perm ' : - 0.08

v/c Ratio 112 0.33 0.82 099 0.19

Uniform Delay, d1 52,0 19 37.9 327 198

Progression Factor 1.00 1.00 0.78 1.00 1.00

Incremental Delay, d2 =~ 95.6 0.5 4.2 16.7 0.6

Delay (s) 1476 19.6 33.6 495 204

Level of Service F. B - o D C

Approach Delay (s) 60.5 33.6 46.9 0.0

Approach LOS E _ C D A

In

HCM Average Control Delay 45.5 HCM Level of Service

HCM Volume to Capacity ratio 0.95

Actuated Cycle Length (s) 120.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 86.6% ICU Level of Service _ E
Analysis Period (min) 15 - i

¢ Critical Lane Group

2009 PM Existing Synchro 6 Report
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HCM Unsignalized Intersection Capacity Analysis

3: Memorial Drive & T&C Village West DW 3/6/2009
A v AN S

Lane Configurations Lo N
SignControl = Free Free ~ Stop

Grade 0% 0% 0%
Volume (veh/h) 65 612 1027 87 28 161
Peak Hour Factor 091 091 091 091 091 0.91
Hourly flowrate (yph) 60 673 1129 96 31 177
Pedestrians

Lane Width (ft)

Walking Speed (ft/s)
Percent Blockage

Right turn flare (veh)

Mediantype ' Raised

Median storage veh) 0

Upstream signal (ft) e 533 707 : s R
pX, platoon unblocked  0.74 0.78 0.74
e e e T e
vC1, stage 1 conf vol 1176

VC2, stage 2confvol ' 457

vCu, unblocked vol 949 1193 120

tC, single (s) 4.1 - C 58 @89

tC, 2 stage (s) 5.8

tF(s) ... .. = = = =

PO queue free % g 81 74

cMcapacity (veh/h) 831 159 671

D V : '

Volume Total 285 448 752 472 31 177
Volume Left 60 0 0 0 31 0
Volume Right 0 0 0 96 (0= e
cSH 531 1700 1700 1700 159 671

Volume to Capacity 011 026 044 028 0.19 0.26
Queue Length 95th (ft) 10 0 0 0 17 26

Control Delay (s) 40 0.0 0.0 0.0 330 123

Lane LOS A D B

Approach Delay(s) 1.6 0.0 153

Approach LOS C

In

Average Delay 2.0

Intersection Capacity Utilization 63.0% ICU Level of Service B

Analysis Period (min) 15

2009 PM Existing Synchro 6 Report
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HCM Unsignalized Intersection Capacity Analysis
4: Memorial Drive & T&C Village East DW 3/6/2009

A N S

Lane Configurations J4 b % if

Sign Control Freet el s
Grade 0% 0% 0%

Volume (Vehfhjia " 89 65¢ 10448 40 33 73

Peak Hour Factor 096 096 096 096 096 0.96
Hourly flow rate (vph) bRE Sy G ol BV R e
Pedestrians

LaneWidthe¥o oo e il

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type EEEseRses g 00
Median storage veh) 0

Upstream signal (ft) g3y

pX, platoon unblocked  0.69 0.72 0.69

VC, conflicting volume 1126 1578 563

vC1, stage 1 conf vol 1105

vC2, stage 2 conf vol o a1z .

vCu, unblocked vol 741 1167 0
Gisinglets] = 4 s ssiss
tC, 2 stage (s) 5.8

tF (s) . 22 G 3533

p0 queue free % 80 90

cM capacity (veh/h) - 168 162

Volume Total “oge 383 RIS W 76

Volume Left 93 0 0 0 34 0
Volume Right 0 0 0 42 0 76
cSH 5908 1700 1700 1700 168 752
Volume to Capacity 015 023 043 024 020 0,10
Queue Length 95th (ft) 14 0 0 0 18 8
Control Delay (s) ' 5.4 0.0 00 00 318 103
Lane LOS A D B
Approach Delay (s) 2.3 0.0 17.0

Approach LOS C

Average Delay 18 |

Intersection Capacity Utilization 61.2% ICU Level of Service B

Analysis Period (min) 15

2009 PM Existing Synchro 6 Report
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HCM Signalized Intersection Capacity Analysis
5: Memorial Drive & West Bough Lane 3/6/2009

Mo -

Lane Configurations

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 40 4.0 40 40 4.0 40 40

Lane Ut Faclor = 100 o5t = 100 095 = 1.00 1.00 1.00

Frt 1.00 0.99 1.00 0.97 0.97 1.00 0.90

Flt Protected 095 1.00 ‘09 40 098 - 095 100

Satd. Flow (prot) 1770 3511 1770 3446 1782 1770 1674

Flt Permitted 095 1.00 0.95 1.00 0.90 Q.72 1.00

Satd. Flow (perm) 1770 3511 1770 3446 1629 1347 1674
Volume (vph) 64 500 28 g o) 414 7. . 9 ka8 35 73
Peak-hour factor, PHF  0.90 0.90 0.90 090 090 090 090 090 090 090 090 0.90
Adj. Flow (vph) 71 558 31 10 12 2938 19 23 100 287 39 81

RTOR Reducton(vph) 0 6 0 0 3 0 0 7 0 0 60 0
Lane Group Flow(vph) 71 581 0 10 1320 0 fleeys e 0

Turn Type Prot Prot Perm Perm

Protected Phases 1 6 5 2 4 8
Permitted Phases 4 8

Actuated Green, G (s) 56 3l - 0.8 26.9 15.5 155 155
Effective Green, g (s) 56 317 0.8 26.9 15.5 165 1565
Actuated g/C Ratio 0.09 053 0.01 045 0.26 0.26 0.26
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) a0 30 a0 10 _ 3.0 . 30 30
Lane Grp Cap (vph) 165 1855 24 1545 421 348 432
v/s Ratio Prot - 0.04 c0.17 0.01 ¢0.38 _ 0.04
v/s Ratio Perm 0.03 c0.21

v/c Ratio 043 0.31 042 0.85 0.11 082 014
Uniform Delay, d1 25.7 8.0 29.4 148 17.0 21.0 1741
Progression Factor 0.77 0.68 100 100 1.00 1.00.  1.00
Incremental Delay, d2 1.8 0.4 11.3 6.2 0.1 14.6 0.1
Delay (s) 21.6 5.9 407 21.0 - 171 356 173
Level of Service C A D C B D B
Approach Delay (s) 7.6 22 e 30.2

Approach LOS A C B C

HCM Average Control Delay 19.0 HCM Level of Service B

HCM Volume to Capacity ratio 0.74

Actuated Cycle Length (s) 60.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization 69.0% ICU Level of Service C
Analysis Period (min) 15

¢ Critical Lane Group

2009 PM Existing Synchro 6 Report
Lockwood, Andrews & Newnam, Inc. Page 2



HCM Signalized Intersection Capacity Analysis
2: Memorial Drive & Beltway 8 NSR 3/6/2009

T T 2

EBL B

Lane Configurations LT +4%

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0

Lane Util. Factor 1000058 2 = gOof _ 0.91 1.00

Frt 1.00 1.00 0.99 1.00 0.85

Flt Protected 095 1.00 : 1.00 099 100

Satd. Flow (prot) 1770 3539 5012 5045 1583

Flt Permitted 095400 . 1.00 0.99 1.00

Satd. Flow (perm) 1770 3539 5012 5045 1583

Volume (vph) 241 514 @ 0 G 1080 115 327 1719 204 .. 0. 0

Peak-hour factor, PHF 091 091 091 091 091 091 091 091 091 091 091 091

Growth Factor (vph)  105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105%

Adj. Flow (vph) 278 593 0 0 1246 133 377 1983 234 0 0 0
RIORRedugion(yph) 00 00 @ 0§ & 0 0 $W 0 01
Lane Group Flow (vph) 278 593 0 0 1371 0 0 2360 144 0 0 0
Tumivpe Prot o Prot Perm

Protected Phases 7 4 8 5 2

Permitted Phases e s 2

Actuated Green, G (s) 14.0 56.0 38.0 56.0 56.0

Effective Green, g (s) 140 560 38.0 560 560

Actuated g/C Ratio 012 0.47 0.32 047 047

Clearance Time (s) 40 4.0 4.0 4.0 4.0

Lane Grp Cap (vph) 207 1652 1587 2354 739

v/s Ratio Prot c0.16 0.17 c0.27 c0.47

v/s Ratio Perm 0.09

v/c Ratio - 1.34 0.36 - 0.86 100 = 0.20

Uniform Delay, d1 53.0 205 38.6 32.0 188

Progression Factor 1.00 1.00 : 0.94 1.00 1.00

Incremental Delay, d2  183.1 0.6 5.4 19.2 0.6

Delay (s) 2361 214 _ 41.6 51.2 194

Level of Service F C D D B

Approach Delay (s) 89.7 41.6 48.3 0.0

Approach LOS F D D A

HCM Average Control Delay 53.8 HCM Level of Service D
HCM Volume to Capacity ratio 1.00

Actuated Cycle Length (s) 120.0 Sum of lost time (s) _ - 120
Intersection Capacity Utilization 90.5% ICU Level of Service E. :
Analysis Period (min) _ 15

¢ Critical Lane Group

2014 PM No Build Synchro 6 Report
Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis
3: Memorial Drive & T&C Village West DW 3/6/2009

Movement
Lane Configurations
Sign Control

Grade

Volume (veh/h) é

Peak Hour Factor .

Hourly flow rate (vyph) 63 706 1185 100 32 186

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

PoceRiEmERSe- &2 - o .

Right turn flare (veh)

Median type - o Raised

Median storage veh) 0

Upstream signal (ft) s 9y e
pX, platoon unblocked 0.73 0.78 0.73

vC, confietlb@volumes f286 . = 1005 643

vC1, stage 1 conf vol 1235

vC2 stadéddonfvel = = - 480

vCu, unblocked vol 1020 1257 139
tC, single (s) 41 68 88
tC, 2 stage (s) 5

e - e 2 e

p0 queue free % 87 78 71

SR T a—

Volume Total 299 471 790 495 32 186

Volume Left 63 0 0 0 32 0

Volume Right -0 0 g 100 0 186

cSH 493 1700 1700 1700 146 644

Volume to Capacity 013 028 046 029 022 029

Queue Length 95th (ft) 11 0 0 0 20 30

Control Delay (s) 44 00 0.0 00 367 128

Lane LOS A E B

Approach Delay (s) 1.7 0.0 16.4

Approach LOS C

In : |
Average Delay 2.2

Intersection Capacity Utilization 65.5% ICU Level of Service C

Analysis Period (min) 15

2014 PM No Build Synchro 6 Report

Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis
4. Memorial Drive & T&C Village East DW

Lane Configurations
SEReRRE
Grade

Volume (veh/h)
Peak Hour Factor
Hourly flow rate (vph)
Pedestrians

Lane Width (ft)
Woalking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type =~
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked

vC, conflicting volume

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol
tC, single (s)

tC, 2 stage (s)

tF (s} :

p0 queue free %

Volume Total
Volume Left
Volume Right

cSH

Volume to Capacity
Queue Length 95th (ft)
Control Delay (s)

Lane LOS

Approach Delay (s)
Approach LOS

A e A
4+
Free Free
0% 0% B
89 551 1041 40
096 096 096 0.96
97 603 1139 44
wross
e
807
4.1
R
83
558

208

402 759 423
97 0 0 0
Ty 0 G
558 1700 1700 1700
O 0A 0B 08
16 0 0 0
SO 00
A
2.5 0.0

Aver_ag e!

Intersection Capacity Utilization

Analysis Period (min)

3/6/2009
N
b
Stop
0%
e —
096 0.96
@ T ————
Raised
0
- 0.72  0.69
1886 B0 R
1160
496
1228 0
GRE T Ro
oy
a5 33
7t 89
155 743

36 80
36 0
0 80
155 743
023 0.1
22 9
352 104
E B
18.1
C

1.9
63.6%

ICU Level of Service B

2014 PM No Build

Lockwood, Andrews & Newnam, Inc.

Synchro 6 Report
Page 2



HCM Signalized Intersection Capacity Analysis

5: Memorial Drive & West Bough Lane

3/6/2009

i

‘Jf N N N T

! et SRS e ; v Eo o
Lane Configurations 5 b L S
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 40 4.0 40 4.0 4.0 40 40
Lane Util. Factor 1.00 0.95 1.00 0.95 - 1.00 1.00 1.00
Frt 1.00 0.99 1.00 0.97 0.98 1.00 0.90
Flt Protected 09§ 100 0.95 1.00 gog 095 100
Satd. Flow (prot) 1770 3511 1770 3446 1783 1770 1674
Flt Permitted 095 1.00 095 1.00 0.89 072 100
Satd. Flow (perm) 1770 3511 1770 3446 1625 1345 1674
Volume (vph) 64 500 28 @ Jogle 214 ¢ 2L g o958 35 73
Peak-hour factor, PHF 090 090 090 090 090 090 090 09 09 090 0.90 0.90
Growth Factor (vph)  105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105%
Adj. Flow (vph) 75 583 33 10 1168 250 20 24 10 301 41 85
RICRRSiSSEIBR e o e O e 0 esa
Lane Group Flow (vph) 75 610 0 10 1389 0 0 47 0 301 63 0
Turn Type Prot ; Prot Perm = Perm
Protected Phases 1 6 5 2 4 8
Permitted Phases : _ 4 8
Actuated Green, G (s) 33 314 0.8 289 15.8 158 15.8
Effective Green, g (s) 33 314 08 289 158 158 158
Actuated g/C Ratio 0.06 0.52 0.01 048 0.26 0.26 0.26
Clearance Time (s) 40 40 40 4.0 4.0 40 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 97 1837 24 1660 428 354 441
v/s Ratio Prot c0.04 0.17 0.01 ¢0.40 0.04
v/s Ratio Perm ' 0.03 c0.22 '
v/c Ratio 0.77 0.33 042 0.84 0.1 085 0.14
Uniform Delay, d1 280 843 294 135 16.8 210 169
Progression Factor 090 1.48 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 30.3 05 11:3 5.2 0.1 17.4 0.2
Delay (s) 5565 12.7 40.7 18.7 16.9 384 171
Level of Service E B D B B D B
Approach Delay (s) 17.3 18.9 16.9 321

B B B C

Approach LOS

HCM Average Control Delay 20.6 HCM Level of Service C :
HCM Volume to Capacity ratio 0.84

Actuated Cycle Length (s) 60.0 Sum of lost time (s) 120

Intersection Capacity Utilization 71.6% ICU Level of Service C

Analysis Period (min) 13

¢ Critical Lane Group

2014 PM No Build
Lockwood, Andrews & Newnam, Inc.

Synchro 6 Report
Page 2



HCM Signalized Intersection Capacity Analysis
2: Memorial Drive & Beltway 8 NSR 3/6/2009

A Ny v At 2 S

gurations % 4 0L At

.

Lan

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0

Lane Util. Factor 1.00 0.95 : 0.91 091 1.00

Frt 1.00 1.00 0.97 1.00 0.85

Flt Protected 095 1.00 1.00 09 100

Satd. Flow (prot) 1770 3539 4931 5049 1583

Flt Permitted 0.95 1.00 {00 099 1.00

Satd. Flow (perm) 1770 3539 4931 5049 1583

Volume (vph) 349 671 0 g 444 113 282 1les7 23] 0 0 0
Peak-hour factor, PHF ~ 0.97 0.97 0.97 097 097 097 097 097 097 097 097 097
Adj. Flow (vph) 360 692 0 458 119 g0l 730 38 0 0. 0
RTOR Reduction (vph) 0 0 0 0 37 0 0 0 74 0 0 0
Lane Group Flow (vph) 360 692 0 g 557 0% 0 2080 164 0 0 0
Turn Type Prot Prot Perm

Protected Phases 7 4 8 ©oouh 2

Permitted Phases 2

Actuated Green, G (s) 33.0 54.0 17.0 58.0 58.0

Effective Green, g (s) 33.0 540 17.0 58.0 58.0

Actuated g/C Ratio 028 045 0.14 0.48 0.48

Clearance Time (s) 4.0 4.0 4.0 4.0 4.0

Lane Grp Cap (vph) 487 1593 699 2440 765

v/s Ratio Prot c0.20 0.20 c0.11 c0.40

v/s Ratio Perm - 0.10

v/c Ratio 0.74 043 0.77 083 021

Uniform Delay, d1 39.6 226 49.6 : 268 179

Progression Factor 1.00 1.00 0.89 1.00 1.00

Incremental Delay, d2 97 09 3 7.8 92 06

Delay (s) 493 234 52.0 30.3 185

Level of Service D C D _ c B

Approach Delay (s) 32.3 52.0 29.0 0.0

Approach LOS (& D ' e A

I cli na

HCM Average Control Delay 33.3 HCM Level of Service o

HCM Volume to Capacity ratio 0.79 N

Actuated Cycle Length (s) 120.0 Sum of lost time (s) 12.0

Intersection Capacity Utilization 78.8% ICU Level of Service D

Analysis Period (min) 5

¢ Critical Lane Group

2009 AM Alternative 1 Synchro 6 Report

Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis
3: Memorial Drive & T&C Village West DW 3/6/2009

Movemen

Lane Configurations

Sign Control _

Grade 0% 0% 0%
Volime(vehmy. . = 24 812 500 86" 18 = 24
Peak Hour Factor 095 095 095 095 0095 095
Hourly flow rate (vph) DR g5 BAT 8B 17 25

Pedestrians

Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)

Median type : Raised

Median storage veh) 0

Upsireamsighal(fty: == = 533 797

pX, platoon unblocked 0.87

vGiconflictingvelume 885 = o 044 003

vC1, stage 1 conf vol 566

vC2, stage 2 conf vol e s

vCu, unblocked vol 585 905 293

Csngle(gy . = 44 il 68 89

tC, 2 stage (s) 5.8

F (&) . R -

pO0 queue free % 94 96
2rh 104

cM capacity (veh/h)

Directio SB1 Sk
Volume Total ok
Volume Left 17 0
Volume Right 0 25
cSH 277 704
Volume to Capacity 003 034 021 0.13 006 0.04
Queue Length 95th (ft) 2 0 0 0 5 3
Control Delay (s) 1.0 00 0.0 00 188 103
Lane LOS A C B
Approach Delay (s) - .03 0.0 13.7

Approach LOS B

Average Del‘ay‘_ - 0.6 -

Intersection Capacity Utilization 49.8% ~ICU Level of Service - A

Analysis Period (min) 15

2009 AM Alternative 1 Synchro 6 Report

Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis
4: Memorial Drive & T&C Village East DW 3/6/2009

LN S

\ R ,,,,,,

Movement - EBL
Lane Configurations L & &
Sign Control Free - Siop©

Grade 0% 0%

Volume (veh/h) 75 153 Gad 9 2 18
Peak Hour Factor 098 098 098 098 098 098
Hourly flow rate (vph) (f 768 BA97 . EiGE LD O 8
Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type 1 U Ralsed

Median storage veh) 0

Upstream signal (ft) 837 493 :

pX, platoon unblocked  0.99 0.90 0.99
vC, conflicting volume 558 1091 279
vC1, stage 1 conf vol 554

vC2, stage 2 conf vol . o BIE
vCu, unblocked vol 544 962 262
tC, single (s) 4.1 '
tC, 2 stage (s)

e 22
p0 queue free % 92

cM capacity (veh/h) 1011

Directio
Volume Total
Volume Left
Volume Right
cSH 1011
Volume to Capacity
Queue Length 95th (ft)
Control Delay (s)

Lane LOS

Approach Delay (s)
Approach LOS

A

Average Delay 0.6

Intersection Capacity Utilization 32.6% ICU Level of Service = A
Analysis Period (min) B 15

2009 AM Alternative 1 Synchro 6 Report
Lockwood, Andrews & Newnam, Inc. Page 2



HCM Signalized Intersection Capacity Analysis
5. Memorial Drive & West Bough Lane 3/6/2009

L ¥ v

SWT SWR

Moveme

o N

Lane Configurations T

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 40 40 4.0 4.0 4.0 4.0

Lane Util. Factor 1.00 0.95 095 1.00 100 100

Frt 1.00 0.99 0.96 0.99 1.00 0.88

Flt Protected 2 0SE 1o o 10,99 095 1.00

Satd. Flow (prot) 1770 3521 3405 1812 1770 1636

Flt Permitted 0.95 1.00 1.00 0.91 091 1.00

Satd. Flow (perm) 1770 3521 3405 1676 1696 1636
Volume (vph) ;39 6% 73 0 478 188 14 32 5 9900 A
Peak-hour factor, PHF 090 090 090 090 090 090 09 09 090 090 090 0.90
Adj. Flow (vph) 430729 26 0 B3y 179 16 38 6 e A
RTOR Reduction (vph) 0 2 0 0 34 0 0 5 0 0 40 0
Lane Group Flow (vph) 43 783 0 0 676 0 0 53 0 110 18 0
Turn Type Prot Prot Perm Perm

Protected Phases 1 6 B 2 4 8
Permitted Phases 4 8

Actuated Green, G(s) 3.2 433 o 36.1 8.7 87 8.7
Effective Green, g (s) 3.2 433 36.1 8.7 8.7 8.7
Actuated g/C Ratio 0.05 0.72 ' 0.60 - 014 0.14 0.14
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 - 3.0 3.0 3.0

Lane Grp Cap (vph) 94 2541 2049 243 246 237

v/s Ratio Prot 0.02 c0.21 c0.20 _ 0.01

v/s Ratio Perm 0.03 c0.06

v/c Ratio 0.46 0.30 0.33 - 022 045 0.08
Uniform Delay, d1 27.6 3.0 5.9 226 23.5 222
Progression Factor 0.78 0.54 - 1.00 1.00 000 100
Incremental Delay, d2 3.3 0.3 0.4 0.5 1.3 0.1

Delay (s) 247 1.9 6.4 231 247 223

Level of Service C A A C C C
Approach Delay (s) : 3 6.4 : 231 23.9

Appr

oach LOS A A C C

HCM Average Control Delay 71 HCM Level of Service A
HCM Volume to Capacity ratio 0.34 - .

Actuated Cycle Length (s) 60.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization - 44.3% ICU Level of Service A
Analysis Period (min) 15

¢ Critical Lane Group

2009 AM Alternative 1 Synchro 6 Report
Lockwood, Andrews & Newnam, Inc. Page 2



HCM Signalized Intersection Capacity Analysis
2: Memorial Drive & Beltway 8 NSR 3/6/2009

Mo B WBT BT NBR ©SBL SBT SBR
Lane Configurations L & 4 444 if
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 0.91 091 1.00
Frt 1.00 1.00 0.97 1.00 0.85
Flt Protected o098 oD 100 099 1.00
Satd. Flow (prot) 1770 3539 4931 5049 1583
Fit Permitted 095 1.00 1.00 0.99 1.00
Satd. Flow (perm) 1770 3539 4931 5049 1583
Volume (vph) 349 671 0 D 444 413 987 1687 231 0 0 0

Peak-hour factor, PHF 097 0.97 097 097 097 097 097 097 097 097 097 097
Growth Factor (vph) 105% 105% 105% 105% 105% 105% 105% 106% 105% 105% 105% 105%
Adj. Flow (vph) 378 726 0 0 481 122 305 1826 250 0 0 0

RTOR Reduction(vph) 0 0 o 4 0 0 ge a 0 g 0

Lane Group Flow(vph) 378 726 0 0 566 0 0 2131 187 0 0 0

Turn Type Prot Prot Perm
Protected Phases 7 4 8 5 2
Permitted Phases ' 2
Actuated Green, G (s) 32.0 53.0 17.0 59.0 590
Effective Green, g (s) 320 530 17.0 : 59.0 59.0
Actuated g/C Ratio 0.27 0.44 0.14 0.49 0.49
Clearance Time (s) 400 A0 4.0 40 40
Lane Grp Cap (vph) 472 1563 699 2482 778
v/s Ratio Prot c0.21 0.21 c0.11 - c0.42

v/s Ratio Perm 0.12
v/c Ratio 0.80 046 0.81 0.86 0.24
Uniform Delay, d1 410 235 49.9 268 17.6
Progression Factor 1.00 1.00 _ 0.89 1.00 1.00
Incremental Delay, d2 13.3 1.0 9.6 41 0.7
Delay (s) 544 245 541 300 183
Level of Service D C D C B
Approach Delay (s) 34.7 541 29.6 0.0

Approach LOS C D C A

In umma

346 HCM Level of Service c

HCM Average Control Delay

HCM Volume to Capacity ratio 0.83

Actuated Cycle Length (s) 120.0 Sum of lost time (s) 12.0

Intersection Capacity Utilization ~ 82.2% ICU Levelof Service @ E

Analysis Period (min) 15

¢ Critical Lane Group

2014 AM Alternative 1 Synchro 6 Report

Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis

3: Memorial Drive & T&C Village West DW 3/6/2009
Ao o AN/

Movement® == = "FBl "EBFT WBT WBR SBL  SBR

Lane Configurations 4% b b1 d

SighContrel . = -~ ° Free Free = Stop

Grade 0% 0% 0%

Volume (veh/h) 24 - 812 520 36 16 24

Peak Hour Factor 095 095 095 095 095 0095

Hourly flow rate (vph) 27 897 57500 A6 {8 D7

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type e : Raised

Median storage veh) 0

Upstream signal (ft) 533 797 ' :

pX, platoon unblocked 0.86

vC, conflicting volume 615 . 1096 307

vC1, stage 1 conf vol 595

VCgistogeddontvel.. . '

vCu, unblocked vol 615

tC, single (s) 41

tC, 2 stage (s)

tF (s) 2

p0 queue free % a7

Dir an
Volume Total
Volume Left
Volume Right
cSH

Volume to Capacity 003 035 023 014
Queue Length 95th (ft) 2 0 0 0

Control Delay (s) $g 00 g 00
Lane LOS A
Approach Delay (s) 0.4 0.0

Approach LOS

A\}erage Delay 0.6 -

Intersection Capacity Utilization 51.8% ICU Level of Service A

Analysis Period (min) 15

2014 AM Alternative 1 Synchro 6 Report

Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis
4: Memorial Drive & T&C Village East DW

3/6/2009

PN

Movemeni S0 CESBTEET WETEWERFISHUSSER e
Lane Configurations LI = T S b1 if

Sign Contiol .~ ~ Free Free Step .
Grade 0% 0% 0%

Volume (veh/h) 75 753 ‘b3 9@ 48

Peak Hour Factor 098 098 098 098 098 0098

Hourly flow rate (vph) 80- 807 5760 {0 2 19

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type _ Rajged = = =
Median storage veh) 0

Upstream signal (ft) 837 493

pX, platoon unblocked  0.98 090 098

vC, conflictingvolume 586 1148 293

vC1, stage 1 conf vol 581

O SR . e e
vCu, unblocked vol 558 983 259

(C, single (s) 41 T

tC, 2 stage (s) 5.8

tF (s) g a0 BE 38

pO queue free % 92 99 97

cM capacity (veh/n) 989 726

Direction, Lan

Volume Total

Volume Left

Volume Right

cSH

Volume to Capacity 008 024 024 023 012 001
Queue Length 95th (ft) 7 0 0 0 0 1
Control Delay (s) 9.0 0.0 0.0 0.0 0.0. 195
Lane LOS A C
Approach Delay (s) 0.8 ' 0.0 11.0
Approach LOS B

Aﬁerage Delay
Intersection Capacity Ultilization
Analysis Period (min) 15

ICU Level of Service A

2014 AM Alternative 1
Lockwood, Andrews & Newnam, Inc.

Synchro 6 Report
Page 2



HCM Signalized Intersection Capacity Analysis
5: Memorial Drive & West Bough Lane 3/6/2009

A L ¥ w
3 SWL SWT SWR

Lane Configurations b1 "
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0095 _ 0.95 100 1.00  1.00
Frt 1.00 0.99 0.96 0.99 1.00 0.88
Flt Protected 095 100 1.00 0.99 - 095 100
Satd. Flow (prot) 1770 3521 3405 1813 1770 1638
Flt Permitted 0.95 1.00 : 1.00 ; 0.91 0.90 1.00
Satd. Flow (perm) 1770 3521 3405 1680 1683 1638
Volume (vph) 49 6% . o 0 478 161 14 2 5 09 0 4

Peak-hour factor, PHF  0.90 0.90 090 090 090 090 090 090 090 090 090 0.90
Growth Factor (vph) ~ 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105%
Adj. Flow (vph) 46 765 27 0 558 188 16 37 6 116 12 49
RTOR Reduction (vph) 0 2 GEeE a0 §Eb Qiiiap 0

Lane Group Flow (vph) 46 790 0 0 712 0 0 54 0 116 19 0

Turn Type Prot ~ Prot Perm Perm
Protected Phases 1 6 5 2 4 8
Permitted Phases - : : 4 8 _
Actuated Green, G (s) 3.2 431 35.9 8.9 8.9 8.9
Effective Green, g (s) 32 4341 35.9 : 8.9 8.9 8.9
Actuated g/C Ratio 0.05 0.72 0.60 0.15 0.15 0.15
Clearance Time (s) 4.0 4.0 : 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 94 2529 2037 _ 249 250 243
v/s Ratio Prot 0.03 c0.22 c0.21 0.01
v/s Ratio Perm _ _ = 003 c0.07

v/c Ratio 049 0.31 0.35 0.22 0.46 0.08
Uniform Delay, d1 27.6 34 6.1 _ § 225 234 220
Progression Factor 0.73 0.53 1.00 1.00 1.00 1.00
Incremental Delay, d2 37 0.3 0.5 . 0.4 ' 1.4 0.1
Delay (s) 239 1.9 6.6 229 247 22.2
Level of Service C A A - Cc C C
Approach Delay (s) 3.1 6.6 229 23.8
Approach LOS A A _ C C
HCM Average Control Delay 7.2 _ HCM i_evel of Serwce A

HCM Volume to Capacity ratio 0.35

Actuated Cycle Length (s) 60.0 Sum of lost time (s) L 8.0

Intersection Capacity Utilization 45.6% ICU Level of Service A

Analysis Period (min) 15

¢ Critical Lane Group

2014 AM Alternative 1 Synchro 6 Report
Lockwood, Andrews & Newnam, Inc. Page 2



HCM Signalized Intersection Capacity Analysis
2: Memorial Drive & Beltway 8 NSR 3/6/2009

A Ny ¥

M T 3

Lane Configurations LI

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 40 4.0 4.0 40 40 -
Lane Util. Factor =~ 1.00 0.95 0.91 091 1.00

Frt 1.00 1.00 0.97 1.00 0.85

FIt Protected 095 1.00 1.00 0.99 1.00

Satd. Flow (prot) 1770 3539 4951 5044 1583

Flt Permitted gios. je0: 1.00 ) 0.99 1.00

Satd. Flow (perm) 1770 3539 4951 5044 1583

Volume (vph) 260. 6540 0 0 825 176 7204 1037 251 a0 0
Peak-hour factor, PHF ~ 0.90 0.90 0.90 090 090 090 090 090 0.0 0.0 090 0.90
Adj. Flow (vph) 289 600 0 0 9ir 196 227 1154 7279 0 0 0
RTOR Reduction (vph) 0 0 0 0 49 0 0 0 168 0 0 0
Lane Group Flow (vph) 289 600 0. 0 1064 0 01378 111 0 0 0
Turn Type Prot Prot Perm

Protected Phases 7 4 8 5 2

Permitted Phases 2

Actuated Green, G (s) 120 32.0 16.0 200 200

Effective Green, g (s)  12.0 32.0 16.0 200 20.0

Actuated g/C Ratio 020 053 0.27 (33 033

Clearance Time (s) 4.0 4.0 4.0 4.0 4.0

Lane Grp Cap (vph) 354 1887 1320 1681 528

v/s Ratio Prot c0.16 0.17 c0.21 c0.27

v/s Ratio Perm 0.07

v/c Ratio 0.82 0.32 0.81 0.82 0.21

Uniform Delay, d1 229 70 20.5 : e

Progression Factor 1.00 1.00 0.72 1.00 1.00

Incremental Delay, d2 1856 04 5.2 4.6 0.9

Delay (s) 414 83 19.9 230 152

Level of Service D A _ B C B

Approach Delay (s) 19.1 19.9 21.7 0.0

Approach LOS B B C A
i

HCM Average Control Delay 20.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.81 _

Actuated Cycle Length (s) 60.0 Sum of lost time (s) 120
Intersection Capacity Utilization 68.4% ICU Level of Service C
Analysis Period (min) 15 :

¢ Critical Lane Group

2009 Midday Alternative 1 Synchro 6 Report
Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis
3: Memorial Drive & T&C Village West DW 3/6/2009

A v N/

Movement’ _EBL EBT WBT WBR SBL SBR

Lane Configurations I+ b b1 'l

Sign Control Free Free Stop

Grade 0% 0% 0%

R R T
Peak Hour Factor 094 094 094 094 094 094

Hourly flow rate (vph) 94 697 810 96 46 157

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type Raised

Median storage veh) 0

Upstream signal (ft) 5% 9. .

pX, platoon unblocked  0.90 093 0.90

vC, conflicting volume 905 ' 1393 453

vC1, stage 1 conf vol 857

vC2, stage 2 conf vol 536 - -
vCu, unblocked vol 790 1165 290

O TEEE . . AN
tC, 2 stage (s)

tF(s)

p0 queue free %
cM capacity (veh/h)

Directio . W 1+ S

Volume Total 326 465 540 366 46 157

Volume Left 94 0 0 0 46 0

Volume Right 0 0 0 96 0 157

cSH 747 1700 1700 1700 201 640

Volume to Capacity 013 027 032 022 023 025

Queue Length 95th (ft) 11 0 0 0 21 24

Control Delay (s) 4.1 0.0 00 00 281 125

Lane LOS A D B

Approach Delay (s) 1.7 0.0 16.0

Approach LOS C

Intersection Sumi

Average Del 2.4

Intersection Capacity Utilization 57.9% ICU Level of Service : B
Analysis Period (min) 15 ' - '

2009 Midday Alternative 1 Synchro 6 Report

Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis
4: Memorial Drive & T&C Village East DW

3/6/2009

Movemen

Lane Configurations
Sign Control

Grade

Volume (veh/h)
Peak Hour Factor
Hourly flow rate (vph)
Pedestrians

Lane Width (ft) _
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type

Median storage veh)

pX, platoon unblocked
vC, conflicting volume
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol
tCsmgle(s) e

tC, 2 stage (s)
tF (s) .

p0 queue free %
cM capacity (veh/h)

Directiol
Volume Total
Volume Left
Volume Right

cSH

Volume to Capacity
Queue Length 95th (ft)
Control Delay (s)

Lane LOS

Approach Delay (s)
Approach LOS

93 0
0 0
774 1700
012 0.18
10 0
10.3 0.0
B
1.3

Raised
0
495 s
0.86 0.86
1357 = 437
858
499
1252 183
68 69
58
35 3.3
92 95
194 712

0.0 0.0 0.0 252
D

0.0 15.1

C

Average Delay

Intersection Capacity Utilization

Analysis Period (min)

41.9%

1.1

16

ICU Level of Service

2009 Midday Alternative 1

Lockwood, Andrews & Newnam, Inc.

Synchro 6 Report
Page 2



HCM Signalized Intersection Capacity Analysis
5: Memorial Drive & West Bough Lane 3/6/2009

YNl e XY A X
n SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations LI 1 LT o S & i B

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 100 095 1.00 0095 1.00 1.00 1.00
Frt 1.00 1.00 1.00 0.97 0.98 1.00 0.88
FIt Protected 095 {00 . 095 100 - = - 009 0.95 1.00
Satd. Flow (prot) 1770 3529 1770 3441 1806 1770 1633
FIt Permitted 0.95 1.00 095 1.00 0.94 a73 100
Satd. Flow (perm) 1770 3529 1770 3441 1720 1368 1633
Volime(wohy =~ = 51 57 1§ . 3 712 161 8§ 2 B 208 o7 100
Peak-hour factor, PHF ~ 0.97 097 0.97 097 097 097 097 097 097 097 097 0097
Adj. Flow (vph) 53 543 1 3 734 166 8 2 5214 9o 04
RTOR Reduction (vph) 0 2 0 0 28 0 0 4 0 0 79 0
Lane Group Flow (vph) 53 552 0 3 872 0 0 31 0 214 46 0

Turn Type Prot Prot Perm Perm
Protected Phases 1 6 5 2 4 8
Permitted Phases 4 8
Actuated Green, G (s) 52 335 08 29.1 13.7 137 37
Effective Green, g (s) 52 335 0.8 29.1 13.7 13.7 137
Actuated g/C Ratio 0.09 0.56 0.01 049 0.23 048 028
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 30 30 : 3.0 3.0 3.0
Lane Grp Cap (vph) 153 1970 24 1669 393 312 373
v/s Ratio Prot ¢0.03 ¢0.16 0.00 ¢0.25 . 0.03
v/s Ratio Perm 0.02 c0.16

v/c Ratio 0.35 0.28 0.12 0.52 ' - 0.08 069 0.12
Uniform Delay, d1 25.8 6.9 293 107 18.2 21.2 184
Progression Factor 097 062 1.00 1.00 - 1.00 1.00  1.00
Incremental Delay, d2 1.3 0.3 2.3 1.2 0.1 6.1 0.1
Delay (s) 26.4 46 86 118 _ 18.3 273 185
Level of Service C A C B B C B
Approach Delay (s) (ifsr _ 11.9 : 18.3 241
Approach LOS A B B C
Intersection Summa

HCM Average Control Delay 12.5 HCM Level of Service B

HCM Volume to Capacity ratio (5

Actuated Cycle Length (s) B 60.0 ‘Sum of lost time (s) 8.0

Intersection Capacity Utilization 56.3% ICU Level of Service B

Analysis Period (min) 15

¢ Critical Lane Group

2009 Midday Alternative 1 Synchro 6 Report
Lockwood, Andrews & Newnam, Inc. Page 2



HCM Signalized Intersection Capacity Analysis

2: Memorial Drive & Beltway 8 NSR 3/6/2009
A N T AN <

Movement == = EBT EBR WBL WBT WBR NBL N S ISER

Lane Configurations LI & +4%

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Total Lost time (s) 40 40 40 40 40 -

Lane Util. Factor o 095 0.91 : 001

Frt 1.00 1.00 0.97 1.00 0.85

Flt Protected . el nh 1 099 1.00

Satd. Flow (prot) 1770 3539 4951 5044 1583

Flt Permitted 0.95 1.00 S : 1.00 099 1.00

Satd. Flow (perm) 1770 3539 4951 5044 1583

Volume (vph) 260 540 0 . 825 78 204 1637 283 O . O 0

Peak-hour factor, PHF ~ 0.90 0.90 0.90 0.0 090 090 090 090 090 090 090 0.90
Growth Factor (vph) ~ 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105%

Adj. Flow (vph) 303 630 0 0 962 205 238 1210 293 0 0 0

RTOR Reduction (yph) 0 0 0 0 44 0 0 0 155 0 0 0

Lane Group Flow (vph) 303 630 0 0 1123 0 0 1448 138 0 0 0

Turn Type Prot Prot Perm
Protected Phases 7 4 8 5 2
Permitted Phases . 2
Actuated Green, G (s) 12.0 32.0 16.0 20.0 20.0
Effective Green, g (s) 120 320 16.0 200 200
Actuated g/C Ratio 0.20 0.53 0.27 0.33 0.33
Clearance Time (s) 4.0 40 4.0 4.0 4.0
Lane Grp Cap (vph) 354 1887 1320 1681 528
v/s Ratio Prot c0.17 0.18 . c023 c0.29

v/s Ratio Perm 0.09
v/c Ratio 0.86 0.33 0.85 0.86 0.26
Uniform Delay, d1 23.2 7.9 20.9 187 146
Progression Factor 1.00 1.00 0.75 1.00 1.00
Incremental Delay, d2 22.4 0.5 6.8 6.1 1.2
Delay (s) ' 45.6 8.4 - 225 248 158
Level of Service D A C C B
Approach Delay (s) 20.5 22.5 _ 23.3 0.0

HCM Level of Service

HCM Volume to Capacity ratio 0.86 _ :

Actuated Cycle Length (s) 60.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 71.4% ICU Level of Service G
Analysis Period (min) _ 15

¢ Critical Lane Group

2014 Midday Alternative 1 Synchro 6 Report
Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis

3: Memorial Drive & T&C Village West DW 3/6/2009
A AN S

Wioverant i o7 0 BB BT WRTWER T SE0 SBRE

Lane Configurations &4 b % if

Sign Control Free Free. Stop

Grade 0% 0% 0% _ -

Volume (veh/h) 88 . 656 ..761 = 00 43 - 448

Peak Hour Factor 094 094 094 094 094 094

Hourly flow rate (vph) 98 =732 850 101 48 165

Pedestrians

Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)

Median type - : : 7 Raised

Median storage veh) 0

Upstream signal (ft) ...63% 97 e
pX, platoon unblocked  0.90 0.94 0.90

vC, conflicting volume . 951 1463 475

vC1, stage 1 conf vol 900

vC2, stage 2 conf vol - 562

vCu, unblocked vol 839 1217 313

tC, single (s) - 41 68 g0 . o0
tC, 2 stage (s) 5.8

v . e . . 33 830

p0 queue free % 86 75 73

cM capacity (veh/h) 715 : 189 617

Volume Total
Volume Left
Volume Right
cSH

Volume to Capacity 0144 029 033 023 025 027
Queue Length 95th (ft) 12 0 0 0 24 27

Control Delay (s) 4.4 0.0 0.0 0.0 304 13.0
Lane LOS A D B
Approach Delay (s) 1.8 0.0 16.9

Approach LOS C

Average Delay 2.6

Intersection Capacity Utilization 60.1% ICU Level of Service B

Analysis Period (min) 15

2014 Midday Alternative 1 Synchro 6 Report

Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis
4: Memorial Drive & T&C Village East DW 3/6/2009

A L N Y

Movement “EBI " WEE WBR SRl SBR T
Lane Configurations " M b % if
SignControl = = Free Free Stop

Grade 0% 0% 0%

Volume (veh/h) 90 608 81730 gL a4
Peak Hour Factor 097 097 097 097 097 097
Hourly flow rate (vph) o7 by i gsd R 7 37
Pedestrians '

Lane Width (ft)

Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)

Median type - ~ Raised

Median storage veh) 0

Upstream signal (ft) 837 493 =

pX, platoon unblocked  0.86 0.86 0.86

vC, conflicting volume 917 TAgBE B

vC1, stage 1 conf vol 901

vC2, stage 2confvol oo 524 .
vCu, unblocked vol 740 1331 207

CHEE) o S

tC, 2 stage (s)
e

p0 queue free %
cM capacity (veh/h)

Directio
Volume Total
Volume Left
Volume Right
cSH

Volume to Capacity 013 019 019 035 019 010 0.05
Queue Length 95th (ft) 11 0 0 0 0 8 4
Control Delay (s) 10.6 0.0 0.0 0.0 00: 269 105
Lane LOS B D B
Approach Delay (s) 1.4 0.0 15.8

Approach LOS C

AVerage Delay _ Tl
Intersection Capacity Utilization 43.3% ICU Level of Service A
Analysis Period (min) 15

2014 Midday Alternative 1 Synchro 6 Report
Lockwood, Andrews & Newnam, Inc. Page 2



HCM Signalized Intersection Capacity Analysis

5: Memorial Drive & West Bough Lane

3/6/2009

Movemen

o

Lane Configurations b
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor =~ 1.00 095 1.00 0.95 1.00 1.00 1.00
Frt 1.00 1.00 1.00 0.97 0.98 1.00 0.88
Flt Protected 0.95 1.00 095 100 0.99 g8 fo00
Satd. Flow (prot) 1770 3528 1770 3441 1807 1770 1632
Flt Permitted . 095 1.00 095 1.00 0.94 073 1.00
Satd. Flow (perm) 1770 3528 1770 3441 1713 1365 1632
Volume (vph) 5 s 3 712 16l 8 21 5. 908 21 " 100
Peak-hour factor, PHF 097 097 097 097 097 097 097 097 097 097 097 097
Growth Factor (vph) ~ 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105%
Adj. Flow (vph) 55 570 12 3 711 174 9 23 5 225 23 108
RTOR Reduction (vph) g2 0 0 25 0 0 4 0 0 83 0
Lane Group Flow (vph) 55 580 0 3 920 0 0 33 0 225 48 0
Turn Type - Prot Prot Perm Perm
Protected Phases 1 6 5 2 4 8
Permitted Phases : 4 g
Actuated Green, G (s) 28 331 0.8 31.1 141 141 141
Effective Green, g (s) 28 331 0.8 31.1 141 141 1441
Actuated g/C Ratio 0.05 0.55 0.01 0.52 0.24 0.24 0.24
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 83 1946 24 1784 403 321 384
v/s Ratio Prot c0.03 0.16 0.00 c0.27 0.03
v/s Ratio Perm ' 0.02 c0.16
v/c Ratio 0.66 0.30 012 0.52 0.08 0.70 0.13
Uniform Delay, d1 28.1 o2 29.3 9.5 17.9 21.0 181
Progression Factor 0.80 0.67 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 17.4 0.4 2.3 1 0.1 6.8 0.1
Delay (s) 39.9 52 316 106 18.0 27.8 182
Level of Service D A Cc B B C B
Approach Delay (s) 8.2 10.6 18.0 24.3

A B B

HCM Volume to Capacity ratio
Actuated Cycle Length (s)
Intersection Capacity Utilization
Analysis Period (min)

¢ Critical Lane Group

12.4
0.58
60.0

58.2%

15

HCM Level of Service

- Sum of lost time (s)

ICU Level of Service

2014 Midday Alternative 1

Lockwood, Andrews & Newnam, Inc.

Synchro 6 Report

Page 2



HCM Signalized Intersection Capacity Analysis
2: Memorial Drive & Beltway 8 NSR 3/6/2009

L

Movement EEraE BR
Lane Configurations LR J44 if

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0

Lane Util. Factor 1.00 0.95 gy 2 gl 0

Frt 1.00 1.00 0.99 1.00 0.85

FltProtected @~ 095 1.00 o 093 100

Satd. Flow (prot) 1770 3539 5012 5045 1583

Flt Permitted 0.95 1.00 100 099 1.00

Satd. Flow (perm) 1770 3539 5012 5045 1583

Volume (vph) 241 514 0 010800 118 32 A9 203 O 0 0
Peak-hour factor, PHF 091 091 091 091 091 091 091 091 091 091 091 0091
Adj. Flow (vph) 265 565 0 g 1187 126 350 1889 223 0 0 0
RTOR Reduction (vph) 0 0 0 0 1 o 0 o0 90 0 0 0
Lane Group Flow (vph) 265 565 0 0 1302 0 0 2248 133 0 0 0
Turn Type Prot Prot Perm

Protected Phases 7 4 8 b 2

Permitted Phases 2

Actuated Green, G(s) 16.0 58.0 38.0 54.0 54.0

Effective Green, g (s) 16.0 58.0 38.0 54.0 54.0

Actuated g/C Ratio 0.13 048 0.32 045 045

Clearance Time (s) 4.0 4.0 4.0 4.0 4.0

Lane Grp Cap (vph) 236 1711 1587 2270 712

v/s Ratio Prot c0.15 0.16 c0.26 c0.45

v/s Ratio Perm ' : 0.08

v/c Ratio 112 0.33 0.82 0.99 0.19

Uniform Delay, d1 52.0 191 : - 379 3217 198

Progression Factor 1.00 1.00 0.78 1.00 1.00

Incremental Delay, d2 956 0.5 4.2 U7 06

Delay (s) 1476 19.6 33.6 495 204

Level of Service E B C By @ (e

Approach Delay (s) 60.5 33.6 46.9 0.0
Approach LOS E C D A

Inte

HCM Average Control Delay - 455  HCM Level of Service =D

HCM Volume to Capacity ratio 0.95 _

Actuated Cycle Length (s) 120.0 Sum of lost time (s) 12.0

Intersection Capacity Utilization 86.6% ICU Level of Service _ . -

Analysis Period (min) 15

¢ Critical Lane Group

2009 PM Alternative 1 Synchro 6 Report
Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis
3: Memorial Drive & T&C Village West DW 3/6/2009

Movement
Lane Configurations
SignContral =
Grade

Volume (veh/h)

Peak Hour Factor
Hourly flow rate (vph)
Pedestrians

Lane Width (ft)

Walking Speed (ft/s)
Percent Blockage

Right turn flare (veh)

MBI ; R R

Median storage veh) 0

Upstream signal (ft) 533 797

pX, platoon unblocked  0.74 0.78 0.74

vC, conflicting volume 1224 . 1634 619

vC1, stage 1 conf vol 1176

R T 157

vCu, unblocked vol 949 1193 120

tC, single (s) 4.1 6.8 6.9

tC, 2 stage (s) 5.8

tF (s) 2.2 - 35 33

p0 queue free % 89 81 74
TP 159 671

cM capacity (veh/h) 531

0 ne

olume Total 285 448 752 412 31 A7T

Volume Left 60 0 0 0 31 0
Volume Right 0 0 0 96 o 177
cSH 531 1700 1700 1700 159 671

Volume to Capacity 011 026 044 028 019 0.26
Queue Length 95th (ft) 10 0 0 0 17 26

Control Delay (s) 4.0 0.0 0.0 0.0 330 123

Lane LOS A D B

Approach Delay (s) 1.6 0.0 15.3 :

Approach LOS Cc

In n Su

Average Delay 2.0

Intersection Capacity Utilization 63.0% ICU Level of Service B

Analysis Period (min) 15

2009 PM Alternative 1 Synchro 6 Report

Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis
4: Memorial Drive & T&C Village East DW 3/6/2009

Lane Configurations LI = S | S

Sign Control 2 - Free Free

Grade 0% 0%

Volume (veh/h) 89 551 1041 40

Peak Hour Factor 096 096 096 0.96

Hourly flow rate (vph) 93 574 1084 42

Pedestrians

laneWidihifte === e s e e e R
Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type . Ralsed

Median storage veh) 0

Upstream signal (ft) : 837 493 .. -
pX, platoon unblocked  0.69 0.71 0.69

vC, conflicting volume 1126 1878 563

vC1, stage 1 conf vol 1105

vC2, stage 2 conf vol e .

vCu, unblocked vol 741 1270 0

tC, single (s) 4.1 68 69 0 o i
tC, 2 stage (s) 5.8

T e

p0 queue free % 85 - 79 90

cM capacity (veh/h) 598

D SB
Volume Total 93 76
Volume Left 23 0
Volume Right 76
cSH 598 1700 1700 1700 1700 162 752
Volume to Capacity 015 047 047 0453 024 021 010
Queue Length 95th (ft) 14 0 0 0 0 19 8
Control Delay (s) 121 0.0 0.0 0.0 00 331 103
Lane LOS B D B
Approach Delay (s) 1 - 00 17.4 '

Approach LOS C

Average Delay 1.6 - -

Intersection Capacity Utilization 48.3% ICU Level of Service A

Analysis Period (min) 15

2009 PM Alternative 1 Synchro 6 Report

Lockwood, Andrews & Newnam, Inc. Page 2



HCM Signalized Intersection Capacity Analysis

5: Memorial Drive & West Bough Lane 3/6/2009
L ¥ >

Moven . ETE SERT NWL | WF \ SWL SWT SWR

Lane Configurations % T

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Total Lost time (s) 4.0 2 4.0 4.0 4.0 4.0 4.0

Lane Util. Factor 1.00 : : 1.00 0.95 1.00 1.00 1.00

Frt 1.00 ; 1.00 0.97 0.97 1.00  0.90

Flt Protected 095 1. e 095 100 i 098 = 0085 100

Satd. Flow (prot) 1770 1770 3446 1782 1770 1674

Flt Permitted 0.95 ; 095 1.00 : 0.90 0.72 1.00

Satd. Flow (perm) 1770 1770 3446 1629 1347 1674

Volume (vph) 4. 900 g5 9 1001 214 17 91 0 DRR ¢ a5 73

Peak-hour factor, PHF ~ 0.90 0. 090 090 090 090 090 090 090 09 090 0.9

Adj. Flow (vph) 71 - 31 10011120 ¢ 238 = 19 23 160 287 39 81

RTOR Reduction (vph) 0 0 0 30 0 0 7 0 0 60 0

Lane Group Flow (vph) 71 6 10 1320 0 0 45 0 . 287 60 0

Turn Type Prot Prot Perm Perm

Protected Phases 1 6. =5 2 4 8

Permitted Phases 4 8

Actuated Green, G (s) 56 217 08 260 ' 15.5 1587 1585

Effective Green, g (s) 56 317 0.8 26.9 15.5 155 155

Actuated g/C Ratio 0.09 053 0.01 045 0.26 026 026

Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0

Vehicle Extension (s) 3.0 3.0 _ 3.0 3.0 : 3.0 3.0 3.0

Lane Grp Cap (vph) 165 1855 24 1545 421 348 432

v/s Ratio Prot 0.04 c017 0.01 c0.38 - 0.04

v/s Ratio Perm 0.03 c0.21

v/c Ratio 0.43 0.31 . 042 085 0.11 0.82 0.14

Uniform Delay, d1 257 8.0 204 148 17.0 21.0 171

Progression Factor 0.77 0.68 1.00 1.00 ' 1.00 1.00 1.00

Incremental Delay, d2 1.8 0.4 11.3 6.2 0.1 14.6 0.1

Delay (s) 216 5.9 40.7 21.0 171 356 173

Level of Service c A D C B D B

Approach Delay (s) 7.6 21.2 171 30.2

Approach LO A C B C

1mary
HCM Average Control Delay 19.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.74 :
Actuated Cycle Length (s) 60.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization ~ 69.0% ICU Level of Service c
Analysis Period (min) 15

¢ Critical Lane Group

2009 PM Alternative 1 Synchro 6 Report
Lockwood, Andrews & Newnam, Inc. Page 2



HCM Signalized Intersection Capacity Analysis
2: Memorial Drive & Beltway 8 NSR 3/6/2009

M 3L EBT EBRWBL WBT WBR NBL NB

Lane Configurat LT 4 444

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 40 40 4.0 40 40

Lans thikFaglars - 100 098 = = (0] 091 1.00

Frt 1.00 1.00 0.99 1.00 0.85

FlIt Protected 095 1.00 : 100 100

Satd. Flow (prot) 1770 3539 5012 5045 1583

Flt Permitted 095 1.00 o 1.00 - 099 1.00

Satd. Flow (perm) 1770 3539 5012 5045 1583

Volume (vph) 241 hi4 0 0 1080 115 32F 4719 203 O 0 0

Peak-hour factor, PHF  0.91 091 091 091 091 091 091 091 091 091 091 091
Growth Factor (vph) ~ 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105%

Adj. Flow (vph) _ 278 593 0 0 1246 133 377 1983 234 0 0 0
RTOR Reduction (vph) 0 G- a0 3. 0 Gaib 90 g 0.0
Lane Group Flow (vph) 278 593 0 0 1371 0 0 2360 144 0 0 0
Turn Type Prot : Prot Perm

Protected Phases 7 4 8 5 2

Permitted Phases . 2

Actuated Green, G (s) 14.0 56.0 38.0 56.0 56.0

Effective Green, g (s) 140 56.0 e 38.0 56.0 56.0

Actuated g/C Ratio 0.12 047 0.32 047 047

Clearance Time (s) 40 40 - 4.0 A0 40

Lane Grp Cap (vph) 207 1652 1587 2354 739

v/s Ratio Prot c0.16 0.17 c0.27 c0.47

v/s Ratio Perm 0.09

v/c Ratio 184 036 0.86 21008 020

Uniform Delay, d1 53.0 205 38.6 320 188

Progression Factor 1.00 1.00 . 0.94 1.00 1.00

Incremental Delay, d2  183.1 0.6 54 19.2 0.6

Delay(s) 236.1 2141 41.6 512 194

Level of Service F C D D B

Approach Delay (s) 89.7 41.6 - 48.3 0.0
Approach LOS F D D A

Inters

HCM Average Control Delay 53.8 HCM Level of Service D

HCM Volume to Capacity ratio . 100 L

Actuated Cycle Length (s) 120.0 Sum of lost time (s) 12.0

Intersection Capacity Utilization 90.5% ICU Level of Service E

Analysis Period (min) 15

¢ Critical Lane Group

2014 PM Alternative 1 Synchro 6 Report
Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis

3: Memorial Drive & T&C Village West DW 3/6/2009
A . N S

Movement ™" el EBT WBT WBR' SBL SBR

Lane Configurations J4 b b if

Sign Control = Free Free Stop -

Grade 0% 0% 0%

Volume (veh/h) 55 612 1027 © 87 W00 161

Peak Hour Factor 091 091 091 091 091 0.91

Hourlyflowrate (v\ph) 63 706 1185 100 32 186

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Mediantype = = = : ~ Raised

Median storage veh) 0

Upstream signal (ft) 88 e .

pX, platoon unblocked  0.73 0.78 0.73

vC, conflicting volume 1285 s

vC1, stage 1 conf vol 1235

veZ stagedeonfvoll . i e

vCu, unblocked vol 1020 - 1257 139

tC, single (s)

tC, 2 stage (s)
w6
p0 queue free %
cM capacity (veh/h)

D

Volume Total

Volume Left

Volume Right

cSH

Volume to Capacity 013 028 046 029 022 0.29
Queue Length 95th (ft) 11 0 0 0 20 30
Control Delay (s) 4.4 0.0 00 00 367 128
Lane LOS A E B
Approach Delay (s) 1T - 0.0 16.4

Approach LOS C
I S

Average Deléy 2.2 -

Intersection Capacity Utilization 65.5% ICU Level of Service 6!

Analysis Period (min) 15

2014 PM Alternative 1 Synchro 6 Report

Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis
4: Memorial Drive & T&C Village East DW 3/6/2009

Léﬁe ‘C"onfigurations

Sign Control Stop

Grade 0%
Volume (veh/h) 40 33 713
Peak Hour Factor 096 096 0.96
Hourly flow rate (vph) 44 36 80
Pedestrians

Lane Width (ft)

Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)

Median type = Raised

Median storage veh) 0

Upstream signal (ft) 837 493 - _

pX, platoon unblocked  0.69 0.71 0.69
VG, conflicting volume 1182 1656 591
vC1, stage 1 conf vol 1160

vC2, stage 2 conf vol - 496

vCu, unblocked vol 807 1332 0

tC, single (s) 4.1 _ 68 69

tC, 2 stage (s) 5.8

Be S 2a T a3 88
p0 queue free % 83 76 89

cM capacity (veh/h) 558 o 149 743

Volume Total 97 = 301 301 = 759 423 36 80

Volume Left 97 0 0 0 0 36 0

Volume Right 0 0 0 0 44 0 80

cSH - 558 1700 1700 1700 1700 149 743

Volume to Capacity 017 018 0.18 045 025 024 0.1

Queue Length 95th (ft) 16 0 0 0 0 23 9

Control Delay (s) 12.8 0.0 0.0 0.0 00 368 104

Lane LOS B E B

Approach Delay (s) 1.8 0.0 18.6 '

Approach LOS C

In ti 1a

Average Delay 1.7

Intersection Capacity Utilization 50.1% - ICU Level of Service A
Analysis Period (min) 15

2014 PM Alternative 1 Synchro 6 Report

Lockwood, Andrews & Newnam, Inc. Page 2



HCM Signalized Intersection Capacity Analysis
5. Memorial Drive & West Bough Lane 3/6/2009

SEL shi
11

Lane Configurations

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 40 4.0 4.0 40 4.0

Lane Util. Factor 1.00 0.95 1.00 100 1,00

Frt 1.00 0.99 0.98 1.00 0.90

Flit Protected 098 1002 098 095 1.00

Satd. Flow (prot) 1770 3511 1783 1770 1674

Flt Permitted 095 1.00 0.89 g2 100

Satd. Flow (perm) 1770 3511 1625 1345 1674
Volume (vph) 64 500 @ P4 21 g 258 38 13

Peak-hour factor, PHF  0.90 090 090 090 090 090 090 090 0.90 090 090 0.9
Growth Factor (vph) 106% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105%
Adj. Flow (vph) 75 583 33 10 1168 250 20 24 10 301 41 85
RTOR Reduction (vph) 0 g0 g 28 ‘g @ 7 e 0
Lane Group Flow (vph) 75 610 0 10 1389 0 0 47 0 301 63 0

Turn Type Prot Prot Perm Perm

Protected Phases 1 6 5 2 4 8
Permitted Phases - 4 8

Actuated Green, G (s) 3.3 314 0.8 289 15.8 15.8 15.8
Effective Green, g (s) 33 314 08 289 15.8 158 158
Actuated g/C Ratio 0.06 0.52 0.01 0.48 0.26 026 0.26
Clearance Time (s) 40 40 40 40 4.0 40 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 97 1837 24 1660 428 354 441
v/s Ratio Prot c0.04 0.17 0.01 c0.40 0.04
v/s Ratio Perm : - - 0.03 c0.22

v/c Ratio 0.77 0.33 042 0.84 0.11 0.85 0.14
Uniform Delay, d1 28.0 8.3 294 135 ' 16.8 210 16.9
Progression Factor 0.90 1.48 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 30.3 0.5 11.3 5.2 0.1 17.4 0.2
Delay (s) 555 127 40.7 18.7 16.9 384 1741
Level of Service E B D B B D B
Approach Delay (s) 17.3 18.9 16.9 321

Approach LOS B B B C

Inte n Summary S
HCM Average Control Delay 20.6 HCM Level of Service G
HCM Volume to Capacity ratio 0.84 - B

Actuated Cycle Length (s) . 600 - Sum of jost time (5) 12.0
Intersection Capacity Utilization 71.6% ICU Level of Service C
Analysis Period (min) 15

¢ Critical Lane Group

2014 PM Alternative 1 Synchro 6 Report
Lockwood, Andrews & Newnam, Inc. Page 2



HCM Signalized Intersection Capacity Analysis
2: Memorial Drive & Beltway 8 NSR 3/6/2009

Movement

Lane Configurations +41

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1800 1900 1900
Total Lost time (s) 4.0 4.0

Lane Util. Factor 0.91 1.00

Frt 0.85

FliProtected === = (098 100 = = 100 1.00

Satd. Flow (prot) 1583

Flt Permitted .00

Satd. Flow (perm) 1583

Volume (vph) -0 0 44 113 288 231 0 0 0
Peak-hour factor, PHF 097 097 097 097 097 097 097 097 0.97
Adj. Flow (vph) 0 0 458 116 291 238 0 0 0
RTOR Reduction (vph) 0 0 37 6 o0 o 74 0 0 0
Lane Group Flow (vph) 0 0. 537 0 0 164 0 0 0
Turn Type Prot Perm

Protected Phases 8 5 2

Permitted Phases 2

Actuated Green, G(s) 33.0 54.0 _ 17.0 - 580 58.0

Effective Green, g (s) 33.0 540 17.0 58.0 58.0

Actuated g/C Ratio 028 045 0.14 048 0.48

Clearance Time (s) 4.0 4.0 4.0 4.0 4.0

Lane Grp Cap (vph) - 487 1593 699 2440 765

v/s Ratio Prot c0.20 0.20 c0.11 c0.40

v/s Ratio Perm . 0.10

v/c Ratio 0.74 043 0.77 0.83 0.21

Uniform Delay, d1 396 226 49.6 268 179

Progression Factor 1.00 1.00 0.89 1.00 1.00

Incremental Delay, d2 9.7 09 7.8 3.5 0.6

Delay (s) 493 234 52.0 30.3 185

Level of Service D C D C B

Approach Delay (s) 32.3 52.0 29.0 0.0

Approach LOS C D C A

HCM Average Control Delay - 3338 HCM Level of Service : C
HCM Volume to Capacity ratio 0.79

Actuated Cycle Length (s) 120.0 Sum of lost time (s) . P
Intersection Capacity Utilization 78.8% ICU Level of Service D
Analysis Period (min) 15

¢ Critical Lane Group

2009 AM Alternative 2 Synchro 6 Report
Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis
3: Memorial Drive & T&C Village West DW 3/6/2009

VA S T

Movement™® ™* EBL EBT WBT WBR SBL SBR

Lane Configurations LI T S 4 N N if

Sign Control ~ Free Free Stop. .

g R
Volume (veh/h) 24 812 820 36 18 24

Peak Hour Factor 095 095 095 095 095 0.95

Hourly flow rate (vph) 25 855 1 547 38 17 25

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)

Median type ' - Raised

Median storage veh) ' ' o
UpstréamBignal (i) = = = 533 797

pX, platoon unblocked 0.88

vC, conflicting volume 585 1044 293

vC1, stage 1 conf vol 566

vC2, stage 2 confvol | = e
vCu, unblocked vol 585 908 293
AR R o o o

tC, 2 stage (s) 5.8

tEfs) _ 2.2 3.5 314

p0 queue free % 97 94 96

cM capacity (veh/h) 986 2711 704

Directio e D DE aNbE o

Volume Total 25 497 o497 3650 9 17 25

Volume Left 25 0 0 0 0 17 0

Volume Right 0 0. 0 0 38 0 25

cSH 986 1700 1700 1700 1700 277 704

Volume to Capacity 003 025 025 021 013 006 0.04

Queue Length 95th (ft) 2 0 0 0 0 5 3

Control Delay (s) 8.7 00 0.0 0.0 0.0 188 10.3

Lane LOS A C B

Approach Delay (s) 0.3 : _ 0.0 18.7

Approach LOS B

Average Delay 0.5

Intersection Capacity Utilization ~ 32.4% ICU Level of Service - A
Analysis Period (min) 15

2009 AM Alternative 2 Synchro 6 Report

Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis
4. Memorial Drive & T&C Village East DW 3/6/2009

Movement. _EBL EBT "WBT WBR SBL SBR sErEaE
Lane Configurations L 4 b il

S ORI T R SR e

Grade 0% 0% 0%

Volume (veh/h) 75 7B3 538 9 2 18

Peak Hour Factor 098 098 098 098 098 0.98

Hourly flow rate (vph) 70 7680 549 - O 2 18 =

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)

Mediantype_ | . . s | e
Median storage veh) 0

Upstream signal (ft) 837 . 493

pX, platoon unblocked  0.99 0.90 0.99
vC, conflicting volume 558 1091 279
vC1, stage 1 conf vol 554
V:C2,s{age_23_(;0r:1f_\idl:_" | - ...... 53.7 o
vCu, unblocked vol 544 962 262

tC, single (s) 4.1 6.8 6.9

tC, 2 stage (s) 5.8

tF (s) 2D _ 3h = 33
p0 queue free % 92 99 97

Volume Total 77

2
Volume Left 77 2 0
Volume Right 0 0 0 0 9 0 18
cSH 1011 1700 1700 1700 1700 259 729

Volume to Capacity 0.08° 023 023 022 011 001 003
Queue Length 95th (ft) 6 0 0 0 0 1 2

Control Delay (s) 8.9 0.0 0.0 0.0 0.0 190 101
Lane LOS A C B
Approach Delay (s) 0.8 - 0.0 11.0

Inte on

Average Delay 0.6

Intersection Capacity Utilization 32.6% ICU Level of Service A

Analysis Period (min) 15

2009 AM Alternative 2 Synchro 6 Report

Lockwood, Andrews & Newnam, Inc. Page 2



HCM Signalized Intersection Capacity Analysis

5: Memorial Drive & West Bough Lane

3/6/2009

Movemént®e= = S WT_ NWR NI NL SWT SWR
Lane Configurations W 5 b T

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0

Lane Util. Factor 1.00 0.95 gog 1.00 1.00 11.00

Frt 1.00 0.99 0.96 0.99 1.00 0.88

Fit Protected 0.95 1.00 1.00 0.99 0.95 1.00

Satd. Flow (prot) 1770 3521 3405 1812 1770 1636

Fit Permitted 095 1.00 = 1,00 0.91 091 1.00

Satd. Flow (perm) 1770 3521 3405 1676 1696 1636
Volume (vph) 39 656 23 0 4/8 161 1432 5 91 10 42
Peak-hour factor, PHF 090 090 090 0.90 090 090 090 090 090 090 090 0.90
Adj. Flow (vph) 243 729 76 0 53 179 16 36 glig Al
RTOR Reduction (vph) 0 2 0 0 34 0 0 5 0 0 40 0
Lane Group Flow (vph) 43 753 0 0 676 0 0 53 g 1o 18 0
Turn Type Prot Prot Perm Perm

Protected Phases 1 6 5 2 4 8
Permitted Phases 4 8

Actuated Green, G (s) 3.2 433 36.1 8.7 87 87
Effective Green, g (s) 3.2 433 - 36.1 8.7 8.7 8.7
Actuated g/C Ratio 0.05 0.72 0.60 0.14 014 0.14
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 94 2541 2049 243 246 237

v/s Ratio Prot 0.02 c0.21 c0.20 0.01

v/s Ratio Perm 0.03 c0.06

v/c Ratio 046 0.30 0.38 0.22 0.45 0.08
Uniform Delay, d1 27.6 3.0 59 226 235 222
Progression Factor 0.78 0.54 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.3 0.3 0.4 0.5 1.3 0.1

Delay (s) 24.7 1.9 6.4 23.1 247 223

Level of Service C A A C C C
Approach Delay (s) 341 6.4 23.1 23.9
Approach LOS A A C C
Intersection Sur : -

HCM Average Control Delay 7.1 HCM Level of Service A

HCM Volume to Capacity ratio 0.34 _

Actuated Cycle Length (s) 60.0 Sum of lost time (s) 8.0

Intersection Capacity Utilization 44.3% ICU Level of Service A

Analysis Period (min) 15

¢ Critical Lane Group

2009 AM Alternative 2
Lockwood, Andrews & Newnam, Inc.

Synchro 6 Report

Page 2



HCM Signalized Intersection Capacity Analysis

2: Memorial Drive & Beltway 8 NSR 3/6/2009
o <

Movemént ~ = =~ = EBL EBT EBR WBL " SBR

Lane Configurations LI L ) +4

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900

Total Lost time (s) 4.0 4.0 4.0 4.0 4.0

Lane Util. Factor oo 093 Ee il 0 d] 0ot 100

Frt 1.00 1.00 0.97 1.00 0.85

FltProtected @ 095 1.00 100 0.99 1.00

Satd. Flow (prot) 1770 3539 4931 5049 1583

Flt Permitted 095 100 1.00 009 100

Satd. Flow (perm) 1770 3539 4931 5049 1583

Volume (vph) - 349 671 0 0 444 113 287 1687 231 0 0O 0

Peak-hour factor, PHF 097 097 097 097 097 097 097 097 097 097 097 097
Growth Factor (vph) ~ 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105%

Adj. Flow (vph) 378 726 0 0 481 122 305 1826 250 0 0 0
RTOR Reduction (vph) 0 0 0 -0 a7 0 0 g 63 0 - 0 0
Lane Group Flow (vph) 378 726 0 0 566 0 0 2131 187 0 0 0
Turn Type Prot : : Prot Perm

Protected Phases 7 4 8 5 2

Permitted Phases _ e 2

Actuated Green, G(s) 32.0 53.0 17.0 59.0 59.0

Effective Green, g (s) 320 530 _ 17.0 59.0 59.0

Actuated g/C Ratio 0.27 0.44 0.14 0.49 0.49

Clearance Time (s) 4.0 4.0 : 4.0 4.0 4.0

Lane Grp Cap (vph) 472 1563 _ 699 2482 778

v/s Ratio Prot SHAE ph c0.11 _ c0.42

v/s Ratio Perm 0.12

v/c Ratio 0.80 0.46 = 0.81 086 0.24

Uniform Delay, d1 41.0 235 49.9 268 17.6

Progression Factor 1.00 1.00 0.89 - 00 00

Incremental Delay, d2 13.3 1.0 9.6 4.1 0.7

Delay (s) 544 245 54.1 31.0 183

Level of Service D C D C B

Approach Delay (s) 347 : 541 - 29.6 0.0

Approach LOS C D C A

34.6 HCM Level of Service Cc
HCM Volume to Capacity ratio 0.83
Actuated Cycle Length (s) 120.0 ~ Sum of lost time (s) 12.0
Intersection Capacity Utilization 82.2% ICU Level of Service _ E
Analysis Period (min) 15
¢ Critical Lane Group
2014 AM Alternative 2 Synchro 6 Report

Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis

3: Memorial Drive & T&C Village West DW 3/6/2009
A

Movem b BL EBT WBTTWBR'"SBL SBR

Lane Configurations ¥ M b b il

Sign Control B G S

Grade 0% 0% 0%

Volume(vehshy == = 24 812 o0 i 3g 1§ 24

Peak Hour Factor 095 095 095 095 095 095

Hourly flow rate (vph) 27 897 575 .. 40 18 27

Pedestrians

Lane Width (ft) e

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type ~ Raised

Median storage veh) 0

Upstream signal (fty 533 797

pX, platoon unblocked 0.86

vC, conflicting volume 615 1096 367 = 0

vC1, stage 1 conf vol 595

vC2, stage 2 conf vol sz

vCu, unblocked vol 615 955 307

R B 0

tC, 2 stage (s) 5.8

tBE) = 22 s 38

p0 queue free % 97 93 96

cM capacity (veh/h) 961 265 689

Dire g !

Volume Total

Volume Left 27
Volume Right 0
cSH 961

Volume to Capacity 0.03
Queue Length 95th (ft) 2
Control Delay (s)
Lane LOS A
Approach Delay (s)
Approach LOS

0
-0
1700 1700 1700 1700
026 026 023 0.14
0 0 0 0
0.0 0.0 0.0 0.0
0.0

265 689
0.07 0.04
5 3
19.6 104
Cc B
14.1
B

A\}érage Delay

Intersection Capacity Utilization

Analysis Period (min)

r: 0-5 *
33.6%
15

ICU Level of Service A

2014 AM Alternative 2

Lockwood, Andrews & Newnam, Inc.

Synchro 6 Report
Page 1



HCM Unsignalized Intersection Capacity Analysis
4: Memorial Drive & T&C Village East DW

3/6/2009

Lane Configurations
Sign Control

Grade

Volume (veh/h)
Peak Hour Factor
Hourly flow rate (vph) 80
Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type

Median storage veh)

Upstream signal (ft) :
pX, platoon unblocked  0.98
vC, conflicting volume 586
vC1, stage 1 conf vol

vC2, stage 2 conf vol

Raised
0

837 493 o
0.90

1145

581
564
983
6.8

0.98

293

vCu, unblocked vol 558
tC, single (s) 4.1
tC, 2 stage (s) -
A e e
p0 queuefree% 92
cM capacity (veh/h) 989

D an

Volume Tot;i 80

403 403 384 202 2
Volume Left 80 0 0 0 0 2
Volume Right _ 0 0 -0 0 10 0 19
cSH 989 1700 1700 1700 1700 250 726
Volume to Capacity 0.08 024 024 023 012 001 0.03
Queue Length 95th (ft) 7 0 0 0 0 1 2
Control Delay (s) 9.0 0.0 0.0 0.0 00 195 101
Lane LOS A C B
Approach Delay (s) 0.8 : - 0.0 11.0

Approach LOS B

Average Delay
Intersection Capacity Utilization 33.6% ICU Level of Service A
Analysis Period (min) 15

2014 AM Alternative 2 Synchro 6 Report
Lockwood, Andrews & Newnam, Inc. Page 2



HCM Signalized Intersection Capacity Analysis
5: Memorial Drive & West Bough Lane 3/6/2009

Lane Configurations

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 40 4.0 4.0 40 40 40
Lane Util. Factor 100 (08 =27 - 0095 1.00 1.00 1.00
Frt 1.00 0.99 0.96 0.99 1.00 0.88
EltErofecfeds il i 0 095 100 e 1.00 0.99 005 100
Satd. Flow (prot) 1770 3521 3405 1813 1770 1638
Fit Permitted 095 100 = . 1.00 0.91 0.90 1.00
Satd. Flow (perm) 1770 3521 3405 1680 1683 1638
Volume (vph) ' 30 656 73 0. 4/8  16] 14 = 32 5 99 10 42

Peak-hour factor, PHF 0.90 0.90 0.90 090 090 090 090 090 090 090 090 0.90
Growth Factor (vph) ~ 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105%
Adj. Flow (vph) 46 765 27 0 558 188 16 37 6 116 12 49
RTOR Reduction (vph) 0 2 0 g3 0 5 0 0. 47 0
Lane Group Flow (vph) 46 790 0 0 712 0 0 54 0 116 19 0

Turn Type Prot Prot ; Perm Perm
Protected Phases 1 6 5 2 4 8
Permitted Phases : . 4 a..
Actuated Green, G (s) 3.2 431 35.9 8.9 8.9 8.9
Effective Green, g (s) 32 451 35.9 8.9 89 89
Actuated g/C Ratio 0.05 0.72 0.60 0.15 0.15 0.15
Clearance Time (s) 4040 40 4.0 10 A
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) =94 D500 : 2037 249 250 243
v/s Ratio Prot 0.03 c0.22 c0.21 0.01
v/s Ratio Perm o : 0.03 c0.07

v/c Ratio 0.49 0.31 0.35 0.22 046 0.08
Uniform Delay, d1 27.6 3.1 6.1 205 234 220
Progression Factor 0.73 0.53 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.7 0.3 _ 0.5 04 1.4 0.1
Delay (s) 23.9 1.9 6.6 22.9 247 222
Level of Service c A A - C C C
Approach Delay (s) 3.1 6.6 22.9 23.8
Approach LOS A A C C
HCM Average Control Delay 2 HCM Level of Ser\nce A

HCM Volume to Capacity ratio 0.35

Actuated Cycle Length (s) 60.0 Sum of lost time (s) 8.0

Intersection Capacity Utilization 45.6% ICU Level of Service A

Analysis Period (min) 15 :

¢ Critical Lane Group

2014 AM Alternative 2 Synchro 6 Report
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HCM Signalized Intersection Capacity Analysis
2: Memorial Drive & Beltway 8 NSR

3/6/2009

M

<

Lane Configurations N J44

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0

Lane Util. Factor 1.00 0.95 0.91 0.91 1.00

Frt 1.00 1.00 0.97 1.00 0.85

Flt Protected 095 1.00 1.00 099 1.00

Satd. Flow (prot) 1770 3539 4951 5044 1583

Flt Permitted 0.95 1.00 1.00 0.99 1.00

Satd. Flow (perm) 1770 3539 4951 5044 1583

Volume (vph) 260 540 0 0 825 176 204 1037 251 0 0 0
Peak-hour factor, PHF 090 090 090 090 090 090 0.90 090 090 090 090 0.90
Adj. Flow(vph) 289 600 0 0 917 196 227 1152 270 0 0 0
RTOR Reduction (vph) 0 0 0 0 49 0 0 0 168 0 0 0
Lane Group Flow (vph) 289 600 0 0 1064 0 0 1379 11 0. 0 0
Turn Type Prot Prot Perm

Protected Phases 7 4 8 5 2

Permitted Phases 2

Actuated Green, G (s) 12.0 32.0 16.0 20.0 20.0

Effective Green, g (s) 12.0 32.0 16.0 20.0 20.0

Actuated g/C Ratio 0.20 0.53 0.27 0.33 0.33

Clearance Time (s) 4.0 4.0 4.0 4.0 4.0

Lane Grp Cap (vph) 354 1887 1320 1681 528

v/s Ratio Prot c0.16 0.17 c0.21 c0.27

v/s Ratio Perm _ 0.07

v/c Ratio 082 0.32 0.81 082 0.21

Uniform Delay, d1 22.9 7.9 20.5 184 143

Progression Factor 1.00 1.00 0.72 1.00 1.00

Incremental Delay, d2  18.5 0.4 5.2 4.6 0.9

Delay (s) 41.4 8.3 19.9 23.0 152

Level of Service D A B C B

Approach Delay (s) 19.1 19.9 2107 0.0
Approach LOS B B C A

Inte a

HCM Average Control Delay
HCM Volume to Capacity ratio
Actuated Cycle Length (s)
Intersection Capacity Utilization
Analysis Period (min)

¢ Critical Lane Group

20.5
0.81
60.0
68.4%
15

~ HCM Level of Service

~ Sum of lost time (s)
ICU Level of Service

2009 Midday Alternative 2

Lockwood, Andrews & Newnam, Inc.

Synchro 6 Report
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HCM Unsignalized Intersection Capacity Analysis
3: Memorial Drive & T&C Village West DW 3/6/2009

A v N S

Lane Configurations %

SignControl ~~ Free Free Stop

Grade 0% 0% 0%

Volume (veh/h) 88 = 655 761 B D AREE AR -
Peak Hour Factor 094 094 094 094 094 0.94
Hourlyflowrate (vph) 94 697 810 96 46 157
Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage _

Right turn flare (veh)

MedianiEEE Raised _
Median storage veh) 0 -
Upstream signal (ft) . B8 9 '

pX, platoon unblocked  0.90 0.92 0.90

vC, conflicting volume 905 . a3y A

vC1, stage 1 conf vol 857

vC2, stage 2 confvol . 536

vCu, unblocked vol 790 1234 290
S 68 69

tC, 2 stage (s) B 5.8

G 2.2 =

p0 queue free % 87 76 o

cM capacity (veh/h) 747 184 B840
Sy g

Volume Total 94 348 348 BA0 366 46 157
Volume Left 94 0 0 0 0 46 0
Volume Right e 0 0 0 0 96 0 = 157
cSH 747 1700 1700 1700 1700 194 640
Volume to Capacity 0.13 020 020 032 022 024 025
Queue Length 95th (ft) 11 0 0 0 0 22 24
Control Delay (s) 10.5 0.0 0.0 0.0 0.0 292 125
Lane LOS B D B
Approach Delay (s) 1.2 0.0 162

Approach LOS ©

2.3

AverageDelay - .

Intersection Capacity Utilization 42.1% ICU Level of Service A

Analysis Period (min) 15

2009 Midday Alternative 2 Synchro 6 Report
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HCM Unsignalized Intersection Capacity Analysis
4: Memorial Drive & T&C Village East DW 3/6/2009

A v N S

s

Lane Configurat N

Sign Control Free Free Stop

Grade 0% 0% 0%
Voluime{velfn}e ™ =~ = o0 eof i@l o0 16 04
Peak Hour Factor 097 097 097 097 097 097

Hourly flow rate (vph) 93 62F &2 31 16 38 @
Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type - Raised

Median storage veh) 0

Upstream signal (f) 837 493

pX, platoon unblocked  0.86 0.86 0.86

VC, conflictingvolume 873 1357 437

vC1, stage 1 conf vol 858

vC2, stage 2 conf vol o i 499 - o
vCu, unblocked vol 691 1252 183
wsndb® 8 4t 0 68 6¢

tC, 2 stage (s) 5.8

tF (s) 22 i . 38 8

p0 queue free % 88 92 95

cM capacity (veh/h) 714 - e 194 712
Volume Total . 93 313 313 62 312 16 35
Volume Left 93 0 0 0 0 16 0
Volume Right 0 0 0 0 3t 0 e 3y
cSH 774 1700 1700 1700 1700 194 712

Volume to Capacity @ 0.12 0.18 0.18 0.33 0.18 0.08 0.05
Queue Length 95th (ft) 10 0 0 0 0 7 4

Control Delay (s) 10.3 0.0 0.0 0.0 00252 103
Lane LOS B D B
Approach Delay (s) 1:8 - 0.0 151

Approach LOS C

In

Average Delay 1.1 - _

Intersection Capacity Utilization 41.9% ICU Level of Service A

Analysis Period (min) 15

2009 Midday Alternative 2 Synchro 6 Report

Lockwood, Andrews & Newnam, Inc. Page 2



HCM Signalized Intersection Capacity Analysis
5. Memorial Drive & West Bough Lane 3/6/2009

TN e Ny A L

 SEL  SET SER 'NWL NWT NWR NEL NE _SWL SWT SWR

Lane Configurations L 4 5 b % T

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 40 40 4.0 4.0

Lane Util. Factor 1.00 0.95 @ lfodTdos . 1.00 1.00

Frt 1.00 1.00 1.00 0.97 1.00 0.88

Flt Protected 998 140 = 095 1.00 . 0950 100
Satd. Flow (prot) 1770 3529 1770 3441 1770 1633

FlIt Permitted 095 1.00 ; 095 1.00 073 1.00

Satd. Flow (perm) 1770 3529 1770 3441 1368 1633
Volume (vph) 51 527 0. 3 12 161 g 3 5. 206 4 100
Peak-hour factor, PHF ~ 0.97 0.97 097 0.97 097 097 097 097 097 097 097 097
Adj. Flow (vph) 53 543 11 3 734 166 8 22 5 214 29503
RTOR Reduction (vph) 0 2 0 0 28 0 0 4 0 0 79 0
Lane Group Flow (vph) b3 = B52 0 3 872 0 0 31 0 214 46 0
Turn Type Prot Prot Perm Perm

Protected Phases 1 6 o 5 2 4 8
Permitted Phases 4 8

Actuated Green, G (s) 52 335 D8 291 137 13 137
Effective Green, g (s) 52 335 0.8 291 13.7 - 137 137
Actuated g/C Ratio 009 o056 o 001 049 0.23 023 023
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 30 30 : 30 30 .30 3.0 3.0

Lane Grp Cap (vph) 153 1970 24 1669 393 312 373

v/s Ratio Prot c0.03 c0.16 0.00 c0.25 . 0.03

v/s Ratio Perm 0.02 c0.16

v/c Ratio 035 0.28 0.12 0.52 0.08 069 0.12
Uniform Delay, d1 258 6.9 293 107 18.2 212 184
Progression Factor 0.97 0.62 ' 1.00 1.00 - 1.00 1.00 1.00
Incremental Delay, d2 1.3 0.3 2.3 1.2 0.1 6.1 0.1

Delay (s) _ 264 46 316 118 183 27.3 185

Level of Service C A Cc B B C B
Approach Delay (s) 6.5 11.9 18.3 241

Approach LOS A B B C

Intersecti .
HCM Average Control Delay 125 HCM Level of Service B
HCM Volume to Capacity ratio . 0h _

Actuated Cycle Length (s) 60.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization 56.3% ICU Level of Service : B
Analysis Period (min) 15

¢ Critical Lane Group

2009 Midday Alternative 2 Synchro 6 Report
Lockwood, Andrews & Newnam, Inc. Page 2



HCM Signalized Intersection Capacity Analysis
2: Memorial Drive & Beltway 8 NSR 3/6/2009

'Lane'Cbnfigurations

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 . 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0

Lane Util. Factor 1.00 0.95 0.91 o1 100

Frt 1.00 1.00 0.97 1.00 0.85

Flt Protected 0.95 1.00 = 10 el ol

Satd. Flow (prot) 1770 3539 4951 5044 1583

FIt Permitted ... 095 100 ; 1.00 0.99 1.00

Satd. Flow (perm) 1770 3539 4951 5044 1583

Volume (vph) 260 a0 0 D ‘895 178 204 1087 75 0 6. 0

Peak-hour factor, PHF 090 090 0.90 0.90 090 090 090 090 090 090 0.90 0.90
Growth Factor (vph) ~ 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105%

Adj. Flow (vph) 303 630 0 0 962 205 238 1210 293 0 0 0
RTOR Reduction (vph) 0 0 0 g % g 00 A5 0 0 0
Lane Group Flow (vph) 303 630 0 0 1123 0 0 1448 138 0 0 0
Turn Type Prot : Prot Perm

Protected Phases 7 4 8 5 2

Permitted Phases ' . 2

Actuated Green, G (s) 12.0 32.0 16.0 200 20.0

Effective Green, g (s) 12.0: 320 16.0 =200 200

Actuated g/C Ratio 0.20 0.53 0.27 0.33 0.33

Clearance Time (s) 4.0 4.0 ' 4.0 40 40

Lane Grp Cap (vph) 354 1887 1320 1681 528

v/s Ratio Prot c0.17 0.18 c0.23 c0.29

v/s Ratio Perm 0.09

v/c Ratio 0.86 0.33 o 0.85 0.86 0.26

Uniform Delay, d1 23.2 7.9 20.9 18.7 146

Progression Factor 1.00 1.00 0.75 1.00 1.00

Incremental Delay, d2 22.4 0.5 6.8 6.1 1.2

Delay (s) 456 8.4 22.5 248 158

Level of Service D A C C B

Approach Delay (s) 2005 225 23.3 : 0.0
Approach LOS C C C A

HCM Average Control Delay 22.3 HCM Level of Service C

HCM Volume to Capacity ratio 0.86 =

Actuated Cycle Length (s) 60.0 Sum of lost time (s) 12.0

Intersection Capacity Utilization - 71.4% ICU Level of Service C

Analysis Period (min) 15

¢ Critical Lane Group

2014 Midday Alternative 2 Synchro 6 Report
Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis
3: Memorial Drive & T&C Village West DW 3/6/2009

Lane Cdnfigurations 7

Sign Control Free. Free Stop

Grade 0% 0% 0%
Volume (veh/h) 88 655 761 90 43 148
Peak Hour Factor 094 094 094 094 094 094
Hourly flow rate (vph) 98 732 850: 101 48 165
Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

R R Ly e e
Right turn flare (veh)

Median type Raised
Median storage veh) 0
Upstream signal (ff) 633 797 |

pX, platoon unblocked  0.90 092 0.90
vC, conflicting volume 951 SRR e
vC1, stage 1 conf vol 900

vC2, stage 2 conf vol 562

vCu, unblocked vol 839 1287 313
tC, single (s) 44 68 69
tC, 2 stage (s)

ey

p0 queue free %

¢cM capacity (veh/h)

D e

Volume Total

Volume Left

Volume Right

cSH

Volume to Capacity 014 022 022 033 023 026 027
Queue Length 95th (ft) 12 0 0 0 0 25 27

Control Delay (s) 10.8 0.0 0.0 0.0 00 315 130
Lane LOS B D B
Approach Delay (s) 1.3 0.0 17.1

Approach LOS C

In
Average Delay 2.4

Intersection Capacity Utilization 43.6% ICU Level of Service A
Analysis Period (min) 15
2014 Midday Alternative 2 Synchro 6 Report
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HCM Unsignalized Intersection Capacity Analysis
4: Memorial Drive & T&C Village East DW 3/6/2009

Movement
Lane Configurations
SR
Grade

Volume (veh/h)

Peak Hour Factor
Hourly flow rate (vph)
Pedestrians

Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage

Right turn flare (veh)

Median type . Raised

Median storage veh) 0

Upstream signal (ft) g3r dda -

pX, platoon unblocked  0.86 0.86 0.86

vC, conflicting volume 917 : 1425 458

vC1, stage 1 conf vol 901

vz stagegeonfvel = 624

vCu, unblocked vol 740 1331 207

(C, single (s) an kg s ..
tC, 2 stage (s) 5.8

tEEy . 25 i 3§ 33 - =
p0 queue free % 87 90 95

cM capacity (veh/h) 741 : 181 687

Volume Total 97 32 329 590 327 17 3

Volume Left 97 0 0 0 0 17 0

Volume Right 0 g 0 0 32 0 37

cSH 741 1700 1700 1700 1700 181 687

Volume to Capacity 013 019 019 035 019 010 0.05

Queue Length 95th (ft) 11 0 0 0 0 8 4

Control Delay (s) 10.6 0.0 00 0.0 00 269 105

Lane LOS B D B

Approach Delay (s) 1.4 - 0.0 15.8

Approach LOS C

i LMy

Average Delay 11

Intersection Capacity Utilization 433%  ICU Level of Service A
Analysis Period (min) 15

2014 Midday Alternative 2 Synchro 6 Report
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HCM Signalized Intersection Capacity Analysis
5: Memorial Drive & West Bough Lane

3/6/2009

d\)..b}fj X o~ L X W

Movement™™ ET7 SER W WT NW i NEEE WL SWT SWR
Lane Configurations LT S L T &Y $H N T

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0

Lane Util. Factor =400 0095 1.00 0.95 104 1.00 1.00

Frt 1.00 1.00 1.00 0.97 0.98 1.00 0.88

Flt Protected 095 1.00 695 foa 099 = 095 1.00

Satd. Flow (prot) 1770 3528 1770 3441 1807 1770 1632

Fit Permitted 095 1.00 095 108 10.94 043 100

Satd. Flow (perm) 1770 3528 1770 3441 1713 1365 1632
Volume (vph) B 527 = 11 i 7z 191 8 @4 5 208 21 100
Peak-hour factor, PHF ~ 0.97 097 097 097 097 097 097 097 097 097 097 097
Growth Factor (vph) ~ 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 1056% 105%
Adj. Flow (vph) 65 570 12 3 771 174 9 23 5 225 23 108
RTOR Reduction (vph) 0 2 0 o 75 q 0 2 0 i ad 0
Lane Group Flow (vph) 55 580 0 3 920 0 0 33 0 225 48 0
Turn Type ' Prot Prot : Perm Perm

Protected Phases 1 6 5 2 4 8
Permitted Phases : ' - A 8

Actuated Green, G (s) 28 331 0.8 31.1 14.1 141 1441
Effective Green, g (s) 28 331 = 08 a8 141 T
Actuated g/C Ratio 0.05 0.55 0.01 052 0.24 0.24 0.24
Clearance Time (s) 40 40 40 40 4.0 40 40
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 30 3.0

Lane Grp Cap (vph) - 83 1946 24 1784 403 ot a8d

v/s Ratio Prot c0.03 0.16 0.00 c0.27 0.03

v/s Ratio Perm : 0.02 c0.16

v/c Ratio 0.66 0.30 0.12 0.52 0.08 0.70 0.13
Uniform Delay, d1 28.1 Jii 293 95 17.9 . 210 181
Progression Factor 0.80 0.67 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 = 174 04 23 T : 0 68 0.1

Delay (s) 399 52 316 106 18.0 27.8 182

Level of Service D A c B B C B
Approach Delay (s) 8.2 10.6 18.0 24.3
Approach LOS. A B B C
Intersecti nmary = e .
HCM Average Control Delay HCM Level of Service

HCM Volume to Capacity ratio 0.58 _

Actuated Cycle Length (s) 60.0 Sum of lost time (s) 12.0

Intersection Capacity Utilization 58.2% ICU Level of Service B

Analysis Period (min) 15

¢ Critical Lane Group

2014 Midday Alternative 2 Synchro 6 Report

Lockwood, Andrews & Newnam, Inc.
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HCM Signalized Intersection Capacity Analysis
2: Memorial Drive & Beltway 8 NSR

3/6/2009

Lane Configurations d
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 40 40 4.0 40 4.0
Lane Util. Factor fog cdos . 0.91 091 1.00
Frt 1.00 1.00 0.99 1.00 0.85
Flt Protected 095 1.00 1.00 0.99 1.00
Satd. Flow (prot) 1770 3539 5012 5045 1583
Flt Permitted 095 1.00 ~ 1.00 099 1.00
Satd. Flow (perm) 1770 3539 5012 5045 1583
Volume (vph) 240 514 - @ 0 1080 116 32 1719 203 0 0 0
Peak-hour factor, PHF ~ 0.91 0.91 091 091 091 091 091 091 091 091 091 0.91
Adj. Flow (vph) Pee s e D et e ok L )
RTOR Reduction (vph) 0 0 0 0 1 0 0 0 90 0 0 0
Lane Group Flow (vph) 265 565 0 0 1302 0 0 2248 133 0 0 0
Turn Type Prot Prot Perm
Protected Phases 7 4 8 8 2
Permitted Phases 2
Actuated Green, G (s) 16.0 58.0 38.0 540 54.0
Effective Green, g (s) 16.0 58.0 38.0 540 54.0
Actuated g/C Ratio 013 048 0.32 045 045
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0
Lane Grp Cap (vph) 286 1711 1587 2270 712
v/s Ratio Prot c0.15 0.16 c0.26 c0.45
v/s Ratio Perm ' 0.08
v/c Ratio 112 0.33 0.82 099 0.19
Uniform Delay, d1 52.0 1941 379 9dir . 198
Progression Factor 1.00 1.00 0.78 1.00 1.00
Incremental Delay, d2 95.6 05 4.2 167 0.6
Delay (s) 1476 19.6 33.6 495 204
Level of Service F B c D (6
Approach Delay (s) 60.5 33.6 46.9 0.0
E Cc D A

Approach LOS
i U

HCM Average Control Delay
HCM Volume to Capacity ratio
Actuated Cycle Length (s)
Intersection Capacity Utilization
Analysis Period (min)

¢ Critical Lane Group

- HCM Level of Service

095

120.0
86.6%
15

Sum of lost time (s)
ICU Level of Service

12.0

2009 PM Alternative 2

Lockwood, Andrews & Newnam, Inc.

Synchro 6 Report
Page 1



HCM Unsignalized Intersection Capacity Analysis
3: Memorial Drive & T&C Village West DW 3/6/2009

Lane Configurations
Sign Control
Grade

Volume (vehfh} = 8B5S 612 1027 87 23 16
Peak Hour Factor 091 091 091 091 091 091
Hourly flow rate (vph) B0 673 1129 96 31 177
Pedestrians

Lane Width (it)

Walking Speed (ft/s)

Percent Blockage

S

Right turn flare (veh)

Median type = _ Raised

Median storage veh) o
UpstredmBignal i == 58 1 = = -

pX, platoon unblocked 0.74 0.78 0.74

vC, conflicting volume 1224 ' 1634 612

vC1, stage 1 conf vol 1176

vC2, stage 2 confvol : 457

vCu, unblocked vol 949 1218 120

Ciaceee - & 8 e .

tC, 2 stage (s) 5.8

EEfemm e s L o

p0 queue free % 89 80 74

cM capacity (veh/h) 531 88 671 - om0
D a1

Volume Total 60 336 336 752 472 31 177

Volume Left 60 0 0 0 0 31 0

Volume Right 0 0 0 g o 0 117

cSH 531 1700 1700 1700 1700 158 671

Volume to Capacity DFF 0200 020 044 0798 07207 076
Queue Length 95th (ft) 10 0 0 0 0 17 26

Control Delay (s) 12.6 0.0 0.0 0.0 0.0 333 123
Lane LOS B D B
Approach Delay (s) 1.0 0.0 15.4

Approach LOS C

Average Delay 1.8

Intersection Capacity Utilization 47.8% ICU Level of Service A

Analysis Period (min) 15

2009 PM Alternative 2 Synchro 6 Report

Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis
4. Memorial Drive & T&C Village East DW

3/6/2009

Lane Configurations % #4

Sign Control
Grade

Volume (veh/h)

Peak Hour Factor
Hourly flow rate (vph)
Pedestrians

Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)

Median type ~ Raised
Median storage veh) 0
Upstream signal (ft} 837 493

pX, platoon unblocked  0.69 0.71 0.69
vC, conflicting volume 1126 1578
vC1, stage 1 conf vol 1105

vC2, stage 2confvol iz

vCu, unblocked vol 741 1270

tC, single (s) 4.1 - 6.8 6.9
tC, 2 stage (s) 5.8

tF (s) 2:9 e g8 33 i o
p0 queue free % 85 - 79 90

cM capacity (veh/h)

D

Volume Total 93 287 287 723 403 34 76
Volume Left 93 0 0 0 0 34 0
Volume Right 0 0 0 0 42 0 76
cSH 598 1700 1700 1700 1700 162 752

Volume to Capacity 0.15 047 017 043 024 021 0.10
Queue Length 95th (ft) 14 0 0 0 0 19 8

Control Delay (s) 121 0.0 0.0 0.0 0.0 331 103
Lane LOS B D B
Approach Delay (s) 1.7 0.0 : 174

Approach LOS C
i -

TSRS

Average Delay ‘ 1.6
Intersection Capacity Utilization 48.3% ICU Level of Service A

Analysis Period (min) 15

2009 PM Alternative 2 Synchro 6 Report
Lockwood, Andrews & Newnam, Inc. Page 2



HCM Signalized Intersection Capacity Analysis
5: Memorial Drive & West Bough Lane 3/6/2009

LIS @

Mo S ET S
Lane Configurations 5 4

L
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 g o0 g
Frt 1.00 0.99 1.00 0.97 0.97 1.00 0.90
FiiProtected === - G958 400 72 005 100 0.98 0.95 1.00
Satd. Flow (prot) 1770 3511 1770 3446 1782 1770 1674
Flt Permitted 095 1.00 095 1.00 gog. . 072 100
Satd. Flow (perm) 1770 3511 1770 3446 1629 1347 1674
Volume (vph) 64 500 - 28 . 9 1001 214 47 2] g J58 G5
Peak-hour factor, PHF 090 090 090 090 09 090 090 090 090 090 090 0.90
Adj. Flow (vph) 74 88 3 10 1112 238 19 23 10 282  3g 81
RTOR Reduction (vph) 0 6 0 0 30 0 0 7 0 0 60 0
Lane Group Flow (vph) 71 581 0 10 1320 0 0 45 0 287 60 0
Turn Type Prot Prot Perm Perm
Protected Phases 1 6 5 2 4 8
Permitted Phases 4 8
Actuated Green, G (s) 56 31.7 08 269 155 156 165
Effective Green, g (s) 56 31.7 0.8 26.9 15.5 155 155
Actuated g/C Ratio 009 053 0.01 045 0.26 0.26 0.26
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 30 30 0 30 30 : 3.0 30 30
Lane Grp Cap (vph) 165 1855 24 1545 421 348 432
v/s Ratio Prot 004 cO17 0.01 ¢0.38 . 0.04
v/s Ratio Perm _ 0.03 c0.21
v/c Ratio 043 031 = 042 0.85 . 0.11 082 014
Uniform Delay, d1 25.7 8.0 294 148 17.0 21.0 171
Progression Factor 077 068 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.8 0.4 11.3 6.2 0.1 14.6 0.1
Delay (s) 216 59 407 210 : 171 356 17.3
Level of Service C A D C B D B
Approach Delay (s) 7.6 21.2 171 30.2
Approach LOS A C B C
inte nary B
HCM Average Control Delay 19.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.74
Actuated Cycle Length (s) - 60.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization 69.0% ICU Level of Service C
Analysis Period (min) 15

¢ Critical Lane Group

2009 PM Alternative 2 Synchro 6 Report
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HCM Signalized Intersection Capacity Analysis
2: Memorial Drive & Beltway 8 NSR 3/6/2009

ANy
B

Lane Configurations W

Ideal Flow (vphpl) 1900 1900 1900 1900 )0 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0

Lane Util. Factor 1.00 091 1.00

Frt 1.00 1.00 0.85

FltProtected 095 0.99 1.00

Satd. Flow (prot) 1770 5045 1583

Flt Permitted 0.95 0.99 1.00

Satd. Flow (perm) 1770 5045 1583

Volume (vph) 241 414 0 0 1080 5 - 397 1719 203 0 0 0
Peak-hour factor, PHF 091 091 091 091 091 091 091 091 091 091 091 091

Growth Factor (vph)  105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105%

Adj. Flow (vph) 278 593 0 0 1246 133 377 1983 234 O 0 0
RTOR Reduction (vph) 0 0 0 0 8 0 0 g9 0o 0 . Q
Lane Group Flow (vph) 278 593 0 0 1371 0 0 2360 144 0 0 0
Turn Type ' Prot : : _Prot Perm

Protected Phases 7 4 8 5 2

Permitted Phases = 2

Actuated Green, G (s) 14.0 56.0 38.0 56.0 56.0

Effective Green, g(s) 140 56.0 38.0 £ 56.0 56.0

Actuated g/C Ratio 012 047 0.32 047 047

Clearance Time (s) 4.0 4.0 40 40 4.0

Lane Grp Cap (vph) 207 1652 1587 2354 739

v/s Ratio Prot c0.16  0.17 c0.27 c0.47

v/s Ratio Perm 0.09

v/c Ratio 1.34 0.36 0.86 1.00 0.20

Uniform Delay, d1 53.0 205 38.6 32.0 18.8

Progression Factor 1.00 1.00 : 094 . 1.00 1.00

Incremental Delay, d2  183.1 0.6 5.4 19.2 0.6

Delay (s) 2860 21 41.6 512 194

Level of Service F C D D B

Approach Delay (s) 89.7 41.6 48.3 0.0

Approach LOS F D D A

HCM Average Control Delay 53.8 HCM Level of Service D
HCM Volume to Capacity ratio 1.00 . :

Actuated Cycle Length (s) 120.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 90.5% ICU Level of Service E
Analysis Period (min) 15

¢ Critical Lane Group

2014 PM Alternative 2 Synchro 6 Report
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HCM Unsignalized Intersection Capacity Analysis
3: Memorial Drive & T&C Village West DW 3/6/2009

A Lo N S

Lane Configurations b if
SignContol ~ Free Free slap
Grade 0% 0% 0%

Volume (veh/h) 55 o ed 0L et 75 (6]
Peak Hour Factor 091 091 091 091 091 091
Hourly flow rate (vph) 63 706 1185 1000 @ 32 186
Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

PefsniEeEEEE T o e o
Right turn flare (veh)

Mediantypel i 00 . Raised
Median storage veh) 0
Upstréamsignaliliye .~ 533 797

pX, platoon unblocked  0.73 0.77 0.73
vC, conflicting volume 1285 o s D
vC1, stage 1 conf vol 1235

vC2, stage 2 conf vol | = s
vCu, unblocked vol 1020 1283 139
CEREEE e 68 69
tC, 2 stage (s) 5.8

EEr R
p0 queue free % 87 78 71

cM capacity (veh/h) 493 i 4 oM

Directio ' 3 Wi

Volume Total  p3 353 363 790 495 32 186
Volume Left 63 0 0 0 0 32 0
Volume Right 0 0 0 0 100 0 186
cSH 493 1700 1700 1700 1700 144 644
Volume to Capacity 013 021 021 046 029 022 029
Queue Length 95th (ft) 11 0 0 0 0 20 30
Control Delay (s) 134 0.0 0.0 0.0 00 370 128
Lane LOS B E B
Approach Delay (s) 14 : 0.0 16.4

Approach LOS C

Intersection Summary =~~~ e

Average Delay - 1.9 _

Intersection Capacity Utilization 49.9% ICU Level of Service A

Analysis Period (min) 15

2014 PM Alternative 2 Synchro 6 Report

Lockwood, Andrews & Newnam, Inc. Page 1



HCM Unsignalized Intersection Capacity Analysis
4: Memorial Drive & T&C Village East DW

3/6/2009

Movem :

Lane Configurations

Sign Control

Grade

Volume (veh/h)

Peak Hour Factor

Hourly flow rate (vph)

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type Raised

Median storage veh) 0
Upstream signal (ft) 837 493 .
pX, platoon unblocked 0.69 0.71 0.69
vC, conflicting volume 1182 1656 591
vC1, stage 1 conf vol 1160

vC2, stage 2 conf vol 496

vCu, unblocked vol 807 1332 0
tC, single (s) 49 .68 B9
tC, 2 stage (s) 5.8

eE e
p0 queue free % 83 76 89
cM capacity (veh/h) 558 149 743

Volume Left 97
Volume Right 0
cSH 558

Volume to Capacity
Queue Length 95th (ft) 16

Control Delay (s) 128
Lane LOS B
Approach Delay (s) 1.8

Approach LOS

1700 1700 1700 1700
0.18 018 045 0.25
0 0 0 0

36 0
0 80
149 743
0.24 0.1
23 9
36.8 104
E B
18.6
C

Average Delay
Intersection Capacity Utilization
Analysis Period (min)

1.7
50.1%
15

ICU Level of Service : A

2014 PM Alternative 2

Lockwood, Andrews & Newnam, Inc.

Synchro 6 Report
Page 2



HCM Signalized Intersection Capacity Analysis
5: Memorial Drive & West Bough Lane 3/6/2009

Lane Configurations

Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0

Lane Util. Factor 100 P09y dl oas - B g 1.00 1.00

Frt 1.00 0.99 1.00 0.97 0.98 1.00 0.90

Fit Protected 095 100 0.95 1.00 0.98 0.95 1.00

Satd. Flow (prot) 1770 3511 1770 3446 1783 1770 1674

Flt Permitted 09500 095 100 - 0.89 072 100

Satd. Flow (perm) 1770 3511 1770 3446 1625 1345 1674
Volume (vph) 64 500 28 g 1001 214 17 21 g 258 35 73

Peak-hour factor, PHF  0.90 0.90 0.90 090 090 090 090 090 090 090 090 0.90

Growth Factor (vph) ~ 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105% 105%

Adj. Flow (vph) 75 583 33 10 1168 250 20 24 10 301 41 85
RTORRedicton(iphy = 0 =~ & 0 200 20 ‘0 0 7 0 0 6 0
Lane Group Flow (vph) 75 610 0 10 1389 0 0 47 0 301 63 0
Turn Type _ Prot Prot Perm Perm

Protected Phases 1 6 5 2 4 8
Permitted Phases : _ . 4 8

Actuated Green, G (s) 33 314 08 289 15.8 158 15.8
Effective Green,g(s) 3.3 314 0.8 289 158 158 158
Actuated g/C Ratio 0.06 0.52 0.01 048 0.26 026 0.26
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 90 1837 24 1660 428 _ 354 441

v/s Ratio Prot c0.04 017 0.01 c0.40 0.04

v/s Ratio Perm : 0.03 c0.22

v/c Ratio 0.77 0.33 042 0.84 0.11 085 0.14
Uniform Delay, d1 28.0 8.3 294 135 108 210 169
Progression Factor 090 1.48 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2  30.3 0.5 118 5.2 0.1 17.4 0.2

Delay (s) 55.5 127 40.7 187 16.9 384 171

Level of Service E B : D B B D B
Approach Delay (s) 17.3 18.9 16.9 32.1

Approach LOS B B B (&

Intersection Summary - -

HCM Average Control Delay 206 HCM Level of Service

HCM Volume to Capacity ratio 0.84

Actuated Cycle Length (s) 60.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 71.6% ICU Level of Service _ C
Analysis Period (min) 15

¢ Critical Lane Group

2014 PM Alternative 2 Synchro 6 Report
Lockwood, Andrews & Newnam, Inc. Page 2



LI
REDEVELOPMENT
Memorial Drive Drainage and Mobility

ALTHORITY

APPENDIX E

PRELIMINARY COST ESTIMATE

LAN Project #: 120-10308-000-445




MEMORIAL DRIVE

ALTERNATIVE 1
COST ESTIMATE

“EME |

— DESCRIPTION

~UNIT GOST _

“TOTAL

ITEM (:JO_ST;

02751 SAWCUT PAVEMENT $4.00 76 $304
104 2021 REMOQVING CONC (CURB) $6.86 612 $4,198
110-2001 EXCAVATION (ROADWAY) $4.70 441 $2,073
134 2001 BACKFILL (TY A) $17.00 122 $2,074
275-2010 CEMENT TREAT (SUBGRADE) (8") SY $3.14 662 $2,079
360 2005 CONC PVYMT (CONT REINF-CRCP) (10") SY $43.68 662 $28,916
420 2129 CL S CONC (RAISED MEDIAN) CY $150.00 22 $3,300
529 2001 CONC CURB (TY 1) LF $6.73 788 $5,303
529 2003 CONC CURB & GUTTER (TY 1) LF $21.38 622 $13,298
644 2013 INS SM RD SN SUP&AM TY 10BWG(2) SA (P) EA $880.91 5 $4,405
644 2077 REMOVE SM RD SN SUP & AM (SIGN ONLY) EA $54.38 5 $272
666 2015 REFL PAV MRK TY | (W) 6" (BRK) (100MIL) LF $0.38 1,246 $473
666 2094 REFL PAV MRK TY | (W) (WORD) (100MIL) EA $136.00 2 $272
666 2149 REF PAV MRK (W) 6" (SLD) LF $0.18 156 $28
666 2160 REF PAV MRK (W) (ARROW) EA $50.00 2 $100
677 2002 ELIM EXT PAV MRK & MRKS (6") LF $0.27 2,406 $650
Cost estimates do not include utility relocation, landscaping or right-of-way acquisition $67,745
Contingency 15.0%
Mobilization 10.0%
Engineering 10.0%
TOTAL $91,456




MEMORIAL DRIVE
ALTERNATIVE 2
COST ESTIMATE

e sEEEE ALTERNATINEZ . e

“"WEM# | 2  DESCRPION =~ @ "l UNIT . | UNITC . TOTAL il TE

02751 SAWCUT PAVEMENT LF 146

104 2021 REMOVING CONC (CURB) LF 1,036

110-2001 EXCAVATION (ROADWAY) CY 1,230

134 2001 BACKFILL (TY A) CY 160

275-2010 CEMENT TREAT (SUBGRADE) (8"} SY 1,845 $5,793

360 2005 CONC PVMT (CONT REINF-CRCP) (10") SY 1,845 $80,590

420 2129 CL S CONC (RAISED MEDIAN) CY 22 $3,300

529 2001 CONC CURB (TY 1) LF 1,113 $7,490

529 2003 CONC CURB & GUTTER (TY 1) LF 785 $16,783

644 2013 INS SM RD SN SUP&AM TY 10BWG(2) SA (P) EA 8 $7,047

644 2077 REMOVE SM RD SN SUP & AM (SIGN ONLY) EA 8 435

666 2015 REFL PAV MRK TY | (W) 6" (BRK) (100MIL) LF 2,151 5817

666 2094 REFL PAV MRK TY I (W) (WORD) (100MIL) EA 3 $408

666 2149 REF PAV MRK (W) 6" (SLD) LF 270 $49

666 2160 REF PAV MRK (W) (ARROW) EA 3 $150

677 2002 ELIM EXT PAV MRK & MRKS (6") LF 2,875 $776

Cost estimates do not include utility relocation, landscaping or right-of-way acquisition $139,831
Contingency 15.0%
Mobilization 10.0%
Engineering 10.0%

TOTAL $188,772




