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1.0 Executive Summary 

1.1 Project Authorization 

Lockwood, Andrews & Newnam, Inc. (LAN) was retained by the Tax Increment Reinvestment Zone 

No. 17 (TIRZ 17) to perform a Preliminary Engineering Report (PER) for Memorial Drive, between 

Beltway 8 Frontage Road and Tallowood Road. Memorial Drive is identified in the City of Houston 

(City) approved TIRZ17 Project Plan and Capital Improvement Plan (CIP No.T17000-031B-7). 

1.2 Statement of the Problem 

The objectives of the Memorial Drive Improvement project are as follows: 

1. Improve Safety & Mobility 

- Upgrade roadway to a curb and gutter concrete section with raised medians to improve safety, 

mobility and access management along the project corridor. 

- Reconstruct roadway to meet current roadway geometric requirements to improve safety. 

- Add left-turn bays at median openings for safe queuing. 

- Upgrade traffic signals at BW 8 Frontage Road and West Bough Lane/Broken Bough Drive to meet 

current City of Houston standards. 

2. Improve Drainage  

- Install oversized reinforced concrete box storm sewers to reduce overland flows to neighboring areas 

and reduce area flooding. 

3. Improve Quality of Life 

- Promote a pedestrian-friendly environment by incorporating: 

- Continuous, wider sidewalks 

- Multi-use/shared-use paths 

- Landscaping/trees within median and along curb 

- Pedestrian lighting 

The PER is Phase I of the overall project development and will identify potential impacts associated 

with the implementation of the roadway reconstruction, pedestrian, traffic, drainage and utility 

improvements recommendations.  

1.3 Project Location 

The study limits include Memorial Drive, between Beltway 8 northbound Frontage Road and 

Tallowood Road.  The project is located in west Houston, Texas, just south east of the interchange of 

IH-10 (Katy Freeway) and the Sam Houston Tollway (Beltway 8) at the south-western limits of the TIRZ 

17 boundary. See Exhibit 1.1 Project Location Map for more information. 

E 

Exhibit 1.1 – Project Location Map 
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1.4 Scope of Work 

The project scope includes the following tasks: address the engineering components associated with 

the roadway reconstruction, perform an initial existing conditions assessment (vehicular and 

pedestrian), evaluate and develop recommended solutions for improving drainage and roadway 

conditions along Memorial Drive, between Beltway 8 Frontage Road and Tallowood Road. 

Upon completion of this PER, and approval of the recommended project by the City and TIRZ 17, the 

Phase II detailed design project may commence.  Phase II detailed design of the project will provide 

engineering services required to provide the necessary construction documents for the approved 

improvements of Memorial Drive based on recommendations in the PER. 

1.5 Existing Conditions 

ROADWAY & TRAFFIC: 

Centered within an existing 100’ right-of-way, existing Memorial Drive is generally an undivided 44-

foot asphalt roadway with a combination of open ditches and inconsistent concrete curb and gutter 

sections. The roadway cross section consists of two 11-foot lanes in each direction, divided by a solid 

double yellow line. Discontinuous and inadequate 4-foot wide sidewalks exist along Memorial Drive, 

within the project limits. Memorial Drive has two signalized intersections; at Beltway 8 Frontage Road 

and at Broken Bough Drive/West Bough Lane which do not meet current City standards. There are also 

eight un-signalized intersections at Old Oak Drive, Huntingwick Drive, Boheme Drive, Memorial 

Bend, Hollow Drive, Somerset Place, Legend Lane and Tallowood Road. The Pavement Condition 

Ratings (PCR) scores within the project limits vary mid-60’s to mid-70’s which means the existing 

pavement is in fair condition. The existing pavement markings appear to be in poor to fair condition. 

Memorial Drive is currently classified in the 2014 City Major Thoroughfare and Freeway Plan (MTFP), 

as a major thoroughfare with adequate ROW width.  The posted speed limit on Memorial Drive is 35 

mph within the project limits. 

LANDUSE: 

Adjacent land use includes retail/commercial businesses, single-family homes and residential 

apartments. Major commercial businesses surround Memorial Drive from Beltway 8 Frontage Road to 

Broken Bough Drive/West Bough Lane including: Randall’s grocery store, Walgreens, Chase Bank and 

several clothing retail stores and dining locations along the northern ROW between Beltway 8 Frontage 

Road and Broken Bough Drive/West Bough Lane. Although Memorial Drive is centered within a 100-

foot wide ROW, there is evidence of commercial and residential ROW encroachment that has occurred 

over the years. 

 

Exhibit 1.2 Memorial Drive between Beltway 8 and West Bough lane (looking west)  

DRAINAGE: 

The Memorial Drive Drainage System is primarily part of the W153-00-00 watershed and is generally 

drained by road side ditches and storm sewers extending along the project alignment draining to 

W153-00-00. The western limits of the project from Broken Bough Drive/West Bough Lane to 

Beltway 8 drain to the Beltway 8 storm sewer trunkline before continuing downstream to Buffalo 

Bayou. A Regional Drainage Study performed in 2012, and then updated in 2014, documented 

significant drainage deficiencies within the TIRZ 17 boundaries. Significant structural flood damage 

was reported during the April 2009 rain event as well as the recent May 2015 rain event. 

The existing Memorial Drive Drainage System does not meet the minimum City 2-year or 100-year 

drainage criteria. Even though the 2-year HGL does not get above the inlets/edge of pavement (EOP), 

the lateral systems on West Bough Lane and the northern commercial areas cannot drain effectively 
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causing overland flow to enter the Memorial Drive ROW, which in turn cause additional ponding 

problems. The 100-year WSEL gets above inlet/EOP elevation for the entire length of Memorial Drive 

between Broken Bough Drive/West Bough Lane and W153.  This flooding is partially due to the limited 

capacity of the Memorial Drive drainage infrastructure and partially due to overflow from W153 itself. 

Early in the event, the roadside ditches and associated storm sewers and culverts become surcharged 

and overtop the EOP causing overland flow to leave the ROW. Furthermore, at the peak of the 100 

year event, W153 becomes overwhelmed and overland flow enters the Memorial Drive ROW from 

W153 via the adjacent properties.  This is exacerbated by the lack of capacity of the roadway drainage 

infrastructure and of a clear overland flow path, which puts the adjacent properties at risk of structural 

flooding 

WATER LINES: 

As for public utilities, there is a 12-inch asbestos concrete (AC) water line, running west to east, along 

the southern ROW of Memorial Drive, from Beltway 8 northbound Frontage Road and ties into a 16-

inch ductile iron water line located along Memorial Drive south ROW, for the extent of the project. 

The 12-inch AC water line was installed approximately 40 years ago, while the 16-inch ductile iron 

pipe was installed approximately 20 years ago. The City does not have plans to upgrade the 16-inch 

water line. Fire hydrants also exist along the project alignment. 

SANITARY SEWER LINES: 

There are several different diameter sizes for existing sanitary sewer lines located along the project 

limits. The City provided CCTV for the sanitary sewers along the majority of the Memorial Drive project 

limits. The following is a list of existing sanitary sewer lines located along the project: 

- 15-inch gravity sanitary sewer line: Located along back-lot easements (outside TIRZ boundary) 

- Parallel 10-inch and 12-inch gravity sewer lines: Located along the northern ROW of Memorial Drive, 

from Old Oaks Drive to Boheme Drive. 

- 24-inch gravity sewer line: Crosses Memorial Drive into Boheme Drive. 

- 48-inch gravity sewer line: Located along the northern ROW of Memorial Drive, from Boheme Drive, 

to the east side of Tallowood Road.  

The City does not have plans to upgrade or replace any sanitary sewer line along the project limits. 

The CCTV footage revealed some serious damage to existing 8-inch service laterals that cross Memorial 

Drive at several locations. The CCTV also revealed severe joint cracks, joint offsets, breaks in PVC and 

corrosive buildup in the 24” sanitary sewer crossing Memorial Drive at Boheme Drive. The majority of 

these lines were installed in the 1960-1970’s with random spot repairs or portions of pipe replacement 

throughout the years. The CCTV also revealed the connecting manholes along the project limits to be 

in poor condition. 

1.6 Town Hall Meeting 

On April 14, 2015 a town hall meeting was held to present the proposed key roadway and drainage 

alternatives for the Memorial Drive project. The public was also given the opportunity to provide 

feedback, comments, and concerns. The comments with corresponding responses can be found in 

Appendix I. The comments were also posted on the TIRZ 17 website. In preparation of this PER, the 

public’s comments were taken into careful consideration and every effort was made to accommodate 

the public’s concerns. 

1.7 Findings from Phase I Preliminary Engineering & Analysis 

1.7.1 Evaluation of Roadway Improvement Alternatives 

Three roadway alignment alternatives were studied for the project. Alternative I was deemed to 

be the most reasonable and feasible alternative. 

Alternative I proposes a 4-lane two-way traffic concrete curb and gutter roadway divided by a 

20-foot to 24-foot raised median with left turn bays and 11-foot lane widths. Median openings 

with left turn bays are also proposed at street intersections and key commercial/residential 

complex entrances. Standard 6-foot wide concrete sidewalks are proposed along the northern 

ROW and a 10-foot wide concrete shared use path is proposed along the southern ROW.  This 

shared use path will connect to the future 8-foot wide path project currently being proposed by 

TxDOT, from the Hershey Park Parking lot to Memorial Drive. See Exhibit 1.3 for Typical 

Section. Refer to the Roadway Section of report for details on all three alternatives studied. 

 

1.7.1.1 Sidewalks 

The existing 4’ sidewalks do not meet currently City criteria. The sidewalks are discontinuos 

along the project alignment and are in need of replacement. To provide a more pedestrian 

friendly environment, 6-foot wide sidewalks be installed along the northern Memorial Drive 

alignment. The sidewalks will be placed 4-feet from the face of curb to allow for landscaping, 

lighting, and as a pedestrian buffer from vehicles. Along the southern Memorial Drive alignment, 

a 10-foot wide concrete shared use path will connect to the future TXDOT Shared Use Path 
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along the beltway 8 northbound frontage road, from Terry Hershey Park to Memorial Drive. The 

path will be installed 5-feet from the curb to allow for landscaping, lighting and as a buffer 

between the vehicles and the path users. ADA compliant wheel chair ramps will be installed 

both at signalized intersections and throughout the Memorial Drive alignment. 

1.7.1.2 Traffic signals  
 

The existing traffic signals at the intersections of Memorial Drive at Broken Bough Drive/West 

Bough Lane and at northbound and southbound Beltway 8 Frontage Road will be replaced and 

upgraded to meet current City of Houston standards.  

 

1.7.1.3 Right-of-way Acquisition  
  

No major additional right-of-way will be required with the exception of a 25-foot X 25-foot 

corner clip at the northeast corner of Memorial Drive and Beltway 8 northbound Frontage Road 

and a 20 foot X 20-foot corner clip at the northwest corner of Memorial Drive and West Bough 

Lane. A total of 1,025 square feet of right-of-way acquisition is needed. A preliminary proposed 

right-of-way exhibit can be found in Appendix E. 
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Exhibit 1.3 Alternative I Typical Section  

1.7.1.4 Traffic Control Plans 

Traffic control plans for the project will require two main phases during construction to minimize 

disruption to the adjacent residents and businesses along Memorial Drive. Phase I will include 

the installation of storm sewer boxes and pavement. One lane in each direction will be 

maintained at all times, along with a continuous left turn lane to allow for continuous driveway 

access to all of the businesses and residences. Temporary asphalt will be required along the 

north side of Memorial Drive to achieve the three lane configuration. Phase II will include the 

construction of the northern half of Memorial Drive. The same three lane configuration will also 

be maintained at all times. The proposed median curbs will be installed after Phase II is 

completed to allow for the three lane configuration. Per City of Houston, the contractor’s work 

zone will have to adhere to the 800-foot rolling closure rule. The conceptual construction 

phasing can be found in Appendix E.  

 

 

1.7.2 Evaluation of Drainage Improvements 

The existing memorial Drive drainage system does not meet the minimum City’s 2-year and 100-

year drainage criteria. The flooding outside the roadway right-of-way puts the adjacent properties 

at risk of structural flooding, as already seen in the 2009 and 2015 rain events. 

In considering the optimal drainage alternative for the project, one must also consider the effect 

any design decisions have upon the hydraulic impacts to the receiving systems; either in terms of 

increased flows downstream or increased Water Surface Elevations (WSEL’s) upstream.   

Two primary drivers were considered in the development of the proposed design.  Firstly, it should 

meet or exceed, as best as is possible, the basic roadway drainage design criteria for the City of 

Houston. Secondly, there was a directive by TIRZ 17 to explore the possibility of maximizing storm 

water detention within the project limits. 
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Based on constructability, available ROW, conflicts with other utilities, future maintenance and 

overall project cost, it was determined that dual 10’x10’ Reinforced Concrete Boxes (RCB’s) were 

the largest practical sub-surface storm sewers that could be used.  

There are additional goals of maximizing benefit to the adjacent community and to reduce overland 

flows to neighboring areas.  Finally, improvements to Memorial Drive are recommended to be 

designed such as to accommodate future regional solutions to the challenging stormwater problems 

within the W151 and W153 watersheds 

Considering all of the potential design constraints, five drainage improvement options were developed. 

Note that all of these options assume the basic 2–10’x10’ RCB’s are utilized as the largest practical 

sub-surface storm sewers that can be provided: 

1. Option I (Memorial Drive Improvements Only): Maintain the existing roadway elevation and 

the existing single 9’x9’ RCB of the enclosed W153.  Improve roadway drainage and attempt to 

pick up as much off-site drainage as possible.  Detain increased runoff in the 2-10x10 RCB’s 

using restrictors and allow the relief realized at the enclosed W153 to improve the open section 

upstream. 

2. Option II (Add 9’x9’ RCB): Similar to Option I but attempt to meet roadway ponding depth 

criteria by upsizing the enclosed W153 to reduce upstream WSEL’s. 

3. Option III (Raise Roadway Profile): Similar to Option II but  increase the Memorial Drive 

roadway elevation to meet roadway ponding depth criteria and maintain the existing W153 

WSEL by conveying the flow that used to overtop Memorial by upsizing the enclosed W153. 

4. Option IV (Regional Detention): Explore the possibility of adding sub-regional detention south 

of IH-10 that can reduce the peak flow in W153 and therefore reduce the depth of the flow 

overtopping Memorial. 

5. Option V (Regional Detention Add 9’x9’ RCB): Similar to Option IV but include additional 

conveyance under Memorial. 

Option I is designed to meet the City’s 2-year criteria and maximize the benefit of the drainage 

improvements while minimizing impacts to W153 and the adjacent properties. Installing dual 10-

FTx10-FT RCB’s under the roadway, and keeping the existing vertical profile of proposed Memorial 

Drive at or near the existing elevation proved to be the best option for the project. Restrictors are 

proposed at the Beltway 8 outfall and the W153 outfall to maintain existing flow rates into these 

adjacent systems. The existing drainage patterns along Memorial Drive will not change. Storm water 

that currently flows west to the Beltway 8 drainage system will continue to do so. Storm water that 

currently flows east toward W153 will also continue to flow to W153. No additional storm water from 

the Beltway 8 system will be conveyed to W153. This option will also provide a 10-year level of 

protection. The amount of total storage provided is approximately 12+ ac-ft.   

The storm sewer infrastructure proposed for Option I include the following:  

1. Memorial Drive from Beltway 8 northbound Frontage Road to West Bough Lane: 1,285LF of 

1-10'x10' RCB 

2. Underneath West Bough Lane: 100 LF 48” RCP 

3. Memorial Drive from West Bough Lane to Boheme Drive.: 543LF of 2-10'x10' RCB, 122LF of 

4-24” RCP 

4. Memorial Drive from Boheme Dr. to W153-00-00: 1,349LF of 2-10'x10' RCB 

5. Memorial Drive from W153-00-00 to Tallowood Rd.: 480.5LF of 2-10'x10' RCB 

6. 3 Large Junction Boxes. 

7. 32 Type B-B, 2 Type AZ2G and 1 Type C inlets to capture the runoff and associated 24” 

leaders to convey flows to the trunkline. 

8. Approximately 4 ditch tie-in pipes to accept runoff from roadside ditches 

 

1.7.3 Evaluation of Public Utilities Improvements 
 

1.7.3.1 Water Lines 

It is recommended that the existing 16-inch ductile iron water line water line not be replaced. 

However, it is recommended to replace the existing 12-inch AC water line, due to its age and 

pipe material. All existing water line crossings are also recommended to be replaced due to the 

existing pipe material, depth of cover and conflicts with other proposed improvements.  New 

fire hydrants will also be added to comply with City of Houston fire hydrant spacing 

requirements. Trenchless construction methods are anticipated for the proposed improvements. 

See Appendix B for additional details on existing and proposed water lines. 
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1.7.3.2 Sanitary Sewer Lines 

It is recommended that approximately 285 feet of the unreinforced concrete section of the 

existing 12-inch sanitary sewer line, located between Huntingwick Drive and Boheme Road, 

be replaced due to the age and the existing pipe material.  It is also recommended that 

approximately 381 feet of 10-inch gravity sanitary sewer, located between Huntingwick Drive 

and Boheme Road be replaced due to the age and the existing pipe material.  The 48-inch 

gravity sewer line located along the northern ROW of Memorial Drive from Boheme Drive to 

east of Tallowood Road is not recommended to be replaced at this time. 

CCTV of all of the eight (8) lateral crossings depicted evidence of severe joint cracks, joint 

offsets, breaks in pipe and corrosive buildup. It is recommended that all eight sanitary sewer 

lateral lines be replaced due to their ages, varying from 30 to 60 years old, and condition of 

pipe.  

There are three sanitary sewer force mains within the project limits. One 10-inch and one 6-

inch ductile iron pipe force mains were installed in the 1984. One 6-inch cast iron pipe force 

main was installed in the 1970’s. The 6-inch ductile iron force main will need to be relocated 

to accommodate the proposed drainage improvements. The 6-inch cast iron force is 

recommended to be replaced due to pipe material and age of line. Refer to Appendix B for 

additional details.   

1.7.4 Evaluation of Landscaping Alternatives 

High Level Amenities is proposed for the landscaping improvements to provide a pleasing aesthetic 

value to the area. The proposed improvements consist of the following: 

 10-foot multi use path and 6-foot wide sidewalks with decorative pavers alternating 

with broom finished concrete; 

 Additional tree and shrub plantings; 

 Enhanced Pedestrian lighting along entire project limits.  

 
1.7.5 Street Lighting 

Existing standard City street lights exist along Memorial Drive on both sides of ROW from Beltway 

8 Frontage Road to Broken Bough Drive/West Bough Lane.  Existing lighting also exists for the 

remainder of the project, however, streets lights are mounted on existing electric wood poles.  

Proposed street lighting shall be provided in areas that do not meet current City street light spacing, 

during the detailed design phase along the proposed Memorial Drive. 

1.7.6 Existing Tree Impacts 

Approximately 293 existing trees are located within the construction area of the project. 

Approximately 75 trees will need to be removed for the proposed improvements. 31 of the 75 trees 

are protected by the City of Houston’s Street Tree Ordinance for a total of 359 replacement inches. 

Landscaping plans and tree protection plans will be necessary in Phase II to comply with the City 

Tree Ordinance.  For additional information, a detailed tree inventory was performed by C.N. Koehl 

Urban Forestry and can be found in Appendix F.  

1.7.7  Geotechnical Study 

Aviles Engineering Corporation (AEC) performed the geotechnical investigation for the project. 

Aviles drilled 9 soil borings at the project site, each 25-feet to 35-feet in depth. Groundwater was 

encountered at one bore location, at a depth of 23-feet. The existing pavement encountered was 

1.5-inches to 4-inches of asphalt, on top of 8-inches to 14-inches of stabilized sand and crushed 

shell. The report recommends a rigid concrete pavement thickness of 11-inches with an 8–inch 

lime stabilized subgrade consisting of 7% lime by dry weight for Memorial Drive. The findings and 

recommendations are presented in the report entitled G178-14. A copy of this report can be found 

in Appendix G. 

1.7.8  Environmental Site Assessment 

A Phase I Environment Site Assessment (ESA) was conducted for the project area by Aviles 

Engineering Corporation (AEC). The findings are presented in the report entitled Phase I-

Environmental Site Assessment TIRZ 17 Reconstruction of Memorial Drive between West Sam 

Houston Parkway and Tallowood Road. Seven (7) RECs were identified which warrant further 

investigation. See Appendix H for the full Phase I ESA report. A fault line was also found during 

the ESA I research but no evidence of a fault was found during AEC’s site reconnaissance. It is 

recommended that a Phase II ESA be performed to further investigate the seven (7) REC’s. A detailed 

fault study, by a qualified firm is also recommended for the project. 

1.7.9 Agency Coordination  

Contact with different entities will be required throughout the final design phase prior to the final 

design submittal. Coordination meetings will be scheduled with the City of Houston, City of Bunker 
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Hill Village, Harris County Toll Road Authority & TxDOT, Harris County Flood Control District, 

and METRO, as needed throughout the design phase to coordinate design. Upon 60% and 90% 

completion, drawings will be submitted to the City of Houston for review and approval. Early 

coordination with private utility entities will also be conducted in design. 

 

 

1.8 Recommended Project 

The recommended improvements include the following: 

- A 4-lane two-way traffic concrete curb and gutter roadway divided by a 20-foot to 24-foot raised 

median with left turn bays and 11-foot lane widths. 

- Median openings with left turn bays at all street intersections and key commercial/residential complex 

entrances. 

- 6-foot wide concrete sidewalks along the northern ROW and a 10-foot wide concrete shared use path 

is proposed along the southern ROW. 

- Dual 10’x10’ RCB’s 

- 3 Large Junction Boxes. 

- 32 Type B-B, 2 Type A and 1 Type C inlets 

- 12-inch Water Line Replacement 

- Installation of new Fire Hydrants 

- Replacement of 6-inch through 12-inch gravity sanitary sewer lines 

- Replacement of 6-inch sanitary sewer force main. 

- Landscaping Amenities 

- Proposed Standard City of Houston Street Lighting 

- Approximately 359 inches of Tree Replacement 

See Appendix B for Proposed Design Drawings. 

1.9 Estimated Construction Cost 

The total preliminary estimated construction cost for Alternative I is $17,391,00; including a 15% 

contingency. (These costs do not include any right-of-way acquisition or private utility relocation 

costs). The detailed preliminary estimated construction costs can be found in Appendix  A. 
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2.0 Introduction 
2.1 Project Authorization 

Lockwood, Andrews & Newnam, Inc. (LAN) was retained by the Tax Increment Reinvestment Zone 

No. 17 (TIRZ 17) to perform a Preliminary Engineering Study for Memorial Drive from Beltway 8 

northbound Frontage Road and Tallowood Road. In addition to the general mobility improvement, a 

second primary objective is to address drainage issues along Memorail and neighboring areas. 

Memorial Drive Draiange and Mobility Improvements project was identified in the City of Houston 

(City) approved TIRZ17 Project Plan and Capital Improvement Plan (CIP No. N- T17000-031B-7). 

2.2 Statement of the Problem 

The primary purpose of the Memorial Drive Drainage and Mobility Improvements project is to improve 

safety and mobility, drainage and quality of life, within the project limits of Beltway 8 Frontage Road 

and Tallowood Road.  The existing asphalt roadway is in fair to poor condition and has exceeded its 

service life. Furthermore, Memorial Drive, within the project limits, lacks proper access management 

and adequate pedestrian facilities. Memorial Drive, within our project limits, does not meet the City 

of Houston’s 2-year and 100-year storm event criteria. Neighboring areas experience overland flows 

and localized flooding.  

The PER is Phase I of the overall project development and will identify the impacts associated with the 

implementation of the Roadway, pedestrian, drainage and utility recommendations. 

The project objectives of the Memorial Drive Improvement project are as follows: 

1. Improve Safety & Mobility 

- Upgrade roadway to a curb and gutter concrete section with raised medians to improve safety, 

mobility and access management along the project corridor. 

- Reconstruct roadway to meet current roadway geometric requirements to improve safety 

- Add Left-turn bays at median openings for safe queuing 

- Upgrade traffic signals at BW 8 Frontage Road and West Bough Lane/Broken Bough Drive will to 

meet current City standards 

2. Improve Drainage  

- Install oversized reinforced concrete box storm sewers to reduce overland flows to neighboring 

areas and reduce area flooding 

 

 

 

3. Improve Quality of Life 

- Provide pedestrian-friendly environment by incorporating the following:  

- Continuous, wider sidewalks 

- Multi-use/shared-use paths 

- Landscaping/trees within median 

- Pedestrian lighting 
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2.3 Project Location 

The study limits include Memorial Drive from Beltway 8 northbound Frontage Road, east to Tallowood 

Road. The study limits are located in West Houston, Texas, approximately .75 miles south of the 

interchange of West Sam Houston Parkway (Beltway 8), and Interstate Highway 10 Katy at the southern 

limits of the TIRZ 17 boundary. The project is located within Council District G and Buffalo Bayou 

Watershed. The project location can be found on Key Map page 489G and 489H. See Exhibit 2.1 

Project Vicinity Map for more information.  

It is important to note the TIRZ 17 boundaries and the limits of the Memorial Drive improvements 

project. See Exhibit 2.2 for TIRZ 17 Boundaries. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXHIBIT 2.1 Project Vicinity Map 
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EXHIBIT 2.2 TIRZ 17 Boundary Limits 
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2.4 Scope of Work The project scope includes the following tasks: address the engineering components associated with 

roadway reconstruction, perform an initial existing conditions assessment (vehicular and pedestrian), 
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evaluate and develop recommended solutions for improving the roadway, drainage and utilities existing 

conditions along Memorial Drive from Beltway 8 northbound Frontage Road to Tallowood Road. 

A summary of the major tasks performed for the study are listed below: 

 Perform Site Visits & Data Collection 

 Perform Topographic Survey 

 Prepare a Geotechnical Study 

 Prepare an Environmental Study 

 Perform a Tree Inventory 

 Investigation of Existing Public and Private Utilities 

 Traffic Engineering and Planning 

 Evaluation of Geometric Conditions 

 Establish Roadway Baseline/Project Control 

 Develop Existing and Proposed Roadway Sections 

 Perform Project Drainage Analysis 

 Develop 30% Plan and Profile Sheets 

 Roadway Impact Assessment and Develop Right-of-Way Exhibits 

 Develop Conceptual Traffic Control Plan  

 Prepare Cost Estimates 

 

Upon completion of this PER Study, and approval of the recommended project by both the City of 

Houston and TIRZ 17, the Phase II detail design project development may commence.  Phase II of the 

project will provide engineering services required to provide the necessary construction documents for 

the approved improvements of Memorial Drive from Beltway 8 northbound Frontage Road to 

Tallowood Road, based on recommendations in the PER. The scope of services for the Phase II detailed 

design includes the following tasks: 

 Prepare plans, specifications and estimates construction documents  

 Obtain approval from government agencies 

 Coordinate with public and private utility owners  

 Provide cost estimates 

 Assist the Memorial City Redevelopment Authority (MCRA) in the bidding process 

 

2.5 Existing Conditions 
 

2.5.1 Roadway 

Memorial Drive between Beltway 8 northbound Frontage Road and Tallowood Road is an existing 

undivided 44-foot wide asphalt roadway section with two 11-foot lanes in each direction and a 

combination of open ditch and curb and gutter sections. There are discontinuous 4-wide concrete 

sidewalks along both sides of Memorial Drive. The roadway is primarily centered within an 

existing 100-foot right of way. Memorial Drive is located approximately 3/4 of a mile south of the 

Sam Houston Tollway and IH-10 intersection, within the southern-most TIRZ 17 boundary. 

Memorial Drive traverses primarily east-west and is classified as a major thoroughfare by the City. 

The posted speed limit along Memorial Drive is 35 mph. There are two significant alignment 

curves along Memorial Drive. Approximately 200-feet east of the Beltway 8 intersection the 

roadway curves to the southeast along an 1146-foot radius curve. Memorial Drive then runs north-

south for approximately 650-feet then curves east along a 674-foot radius. See Figure 2.1 – 

Existing Memorial Drive Typical Section for additional information.  

Figure 2.1 – Memorial Drive Existing Typical Section 

Constructed in the early-1970’s, the existing asphalt pavement ranges in thickness from 4.5 to 12-

inches of asphaltic stabilized on top of 6 to 8-inches of stabilized sand and crushed shell. Per the 

City GIMS data, the Pavement Condition Ratings (PCR) ranges from approximately 65 to 78.  
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However during the site visits there was evidence of significant cracking of the 1-inch to 4-inch 

asphalt overlay along the entire alignment. Also, the pavement has exceeded the typical useful 

service life of 20-years. Four-foot wide, discontinuous sidewalks exist along Memorial Drive 

within the project limits. 

Memorial Drive serves an average of approximately 16,230 vehicles per day per City Geographic 

Information System (GIMS). 

 

Exhibit 2.3 Memorial Drive North of Huntingwick (Looking Northwest)  

2.5.2 Land Use 

Adjacent land use includes retail, commercial businesses, single-family and residential 

apartments.  Major commercial businesses surround Memorial Drive from Beltway 8 Frontage 

Road to West Bough Lane including: Randall’s grocery store, Walgreens, Chase Bank and several 

clothing retails stores and dinning places on the northern ROW between Beltway 8 Frontage Road 

and West Bough Lane. Although Memorial Drive is centered within a 100-foot wide ROW, there 

is evidence of commercial and residential ROW encroachment that has occurred over the years 

due to the large amount of available real estate between the existing edge of pavement and ROW.  

2.5.3 Drainage 

The Memorial Drive System is primarily part of the W153-00-00 watershed and is generally 

drained by storm sewers and road side ditches extending along the project alignment draining to 

W153-00-00. The western limits of the project from Broken Bough Lane/West Bough Lane to 

Beltway 8 drain to the Beltway 8 storm sewer trunkline before continuing downstream to Buffalo 

Bayou. The project area was documented as having significant drainage deficiencies in the TIRZ 

17 Regional Drainage Study (RDS) with reported flooding during the April 2009 and the more 

recent May 2015 rain event. 

The existing Memorial Drive system does not meet the City’s 2-year or 100-year capacity criteria. 

The HGL of the storm sewer system does not get above inlet/EOP elevations within the Memorial 

Drive ROW, however, the lateral systems on West Bough and in commercial areas north of 

Memorial Drive cannot drain effectively causing overland flow to enter the Memorial Drive ROW. 

Due to the fact that Memorial Drive generally slopes away from the Beltway to W153, the excess 

flow in the system west of West Bough flows in a southeasterly direction towards W153. The 100-

year WSEL gets above inlet/EOP elevation for the entire length of Memorial Drive between West 

Bough and W153.  This flooding is partially due to the limited capacity of the Memorial Drive 

drainage infrastructure and partially due to overflow from W153 itself. The flooding outside the 

roadway ROW and overland flows puts the adjacent properties at risk of structural flooding.  

2.5.4 Existing Water Lines 

There are two water lines within the project limits.  An existing 12-inch AC water line that runs 

west to east is located along the southern ROW of Memorial Drive, from Beltway 8 northbound 

Frontage Road and was placed in service in 1976, approximately 40 years ago. The existing 12-

inch water line connects to an existing 16-inch water line which continues east along the project 

limits. The existing 16-inch ductile iron water line located along the southern ROW of Memorial 

Drive was placed in service in 1995, approximately 20 years ago. Fire hydrants also exist along 

the alignment.   

2.5.5 Existing Sanitary Sewer Lines 
 

Several different diameter sizes for existing sanitary sewers lines located within the project limits.  

A 15-inch in diameter gravity sanitary sewer line is located along back-lot easements south of 

Memorial Drive from Beltway 8 northbound Frontage Road to Boheme Drive.  The existing 15-inch 

gravity sewer line was slipped line in 1995 using polyethylene pipe.  A 10 & 12-inch gravity sewer 



Memorial Drive                  
Preliminary Engineering Report 
 
 

15 
January 2016 

lines are located along Memorial Drive northern ROW from Huntingwick Drive to Boheme Drive 

and from 150-feet south of Old Oaks Drive to Boheme Drive. Half of the 12-inch gravity sanitary 

sewer is made of polyethylene pipe due to the rehabilitation in 1999; however the other half is 

made of unreinforced concrete and was placed in service in 1960. The 10-inch gravity sanitary 

sewer is made of extra strength concrete and was placed in service in 1966, nearly 40 years ago. 

CCTV data was not available on this line and service connections are unknown.   

A 48-inch gravity sewer line is located along Memorial Drive northern ROW from Boheme Drive 

to east of Tallowood Road.  The 48-inch gravity sanitary sewer is made of plastic-lined pipe in some 

sections while other sections are made of concrete.  The entire line was placed in service in 1997 

and multiple service connections are present throughout the line. 

 

There are three sanitary sewer force mains within the project limits. One 10-inch and one 6-inch 

ductile iron pipe force mains were installed in the 1984. One 6-inch cast iron pipe force main was 

installed in the 1970’s. Refer to Appendix B for additional details and 30% plan and profile sheets. 

 

2.5.6 Existing Private Utilities 

A number of private utility companies were contacted to identify what utilities exist within the 

project limits. See Table 2.1 for all private utility companies that were contacted. 

Table 2.1 - Existing Private Utility Contacts 

AT&T Logix Communications LP 
CenterPoint Energy Gas & Electric Netco Pipeline 
Comcast Phonoscope 
Extenet Systems TW Telecom 
Level 3 Communications Verizon Business 

 

CenterPoint Energy (CPE) Electric/Gas and Southwestern Bell Company SBC, (also known as 

AT&T) have existing private utilities located within the project right-of-way. Utility information 

was requested and obtained from both companies. CPE has underground gas lines, overhead 

electric lines and underground conduits extending within the project’s right-of-way. AT&T 

facilities include both underground cables, fiber optic cables, and duct banks. Texas One Call 

should be contacted at least 48 hours prior to excavation to locate all underground utilities. 

See Table 2.2 –Existing Private Utilities for additional information.  

 

 

Table 2.2 - Existing Private Utilities for Memorial Drive  

Owner Type 
Approximate 

Location From To 

CPE 
Underground

Electric 
North/South 

Side 
Beltway 8 

Frontage Rd  
W. Bough/Broken 

Bough Lanes 

CPE 2” Gas Line South Side 
W. Bough/Broken 

Bough Lanes 200-ft South  

CPE 2” Gas Line South Side Boheme Drive 
100-ft North of Rip 

Van Winkle 

CPE 4” Gas Line 
South/West 
Side & East 
bound lanes 

200-ft north of 
Old Oaks Road Tallowood Road 

CPE 4” Gas Line 
South/West 
Side & West 
bound lanes 

Boheme Drive Rip Van Winkle 

AT&T 2-4” G.I.P Conduits South Side Beltway 8 
Frontage Rd 

100-ft west 

AT&T 2-4” G.I.P Conduits South/East Side Boheme Drive 80-ft North 

AT&T 4-4” G.I.P Conduits South Side Beltway 8 
Frontage Rd 100-ft west 

AT&T 4-4” G.I.P Conduits 
& Fiber Optic South Side W. Bough/Broken 

Bough Lanes 
350-ft East

 

AT&T 14/12/10/8-4”  
Conduits South Side W. Bough/Broken 

Bough Lanes Tallowood Road 

AT&T Buried Cable 
South Side & 
Southbound 

Lanes 

W. Bough/Broken 
Bough Lanes Tallowood Road 

 
 
 

2.5.6.1 Existing CenterPoint Energy Gas Facilities 

At approximately 200 feet north of Old Oaks Drive, a 4-inch CenterPoint Energy (CPE) gas line 

runs parallel to Memorial Drive, the gas line continues to east of Tallowood Road.  The 4-inch 

gas line is under existing and proposed pavement from Huntingwick Drive to Rip Van Winkle 

Drive. An existing 4-inch CPE gas line connects to the 4-inch gas line in the middle of the roadway 

at Rip Van Winkle Drive and continues along Memorial Drive southern/western ROW to Boheme 

Drive.  At the northeast corner of Hollow Drive and Memorial Drive, a 2-inch & 4/3-inch CPE 
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gas line connects to the 4-inch, the 2-inch gas line continues north along Hollow Drive and the 

4/3-inch continues south along easements. A 4-inch gas line connects to the 4-inch gas line at 

Legend Lane and continues south along Legend Lane.  A 4-inch CPE gas line exist perpendicular 

to Memorial Drive at Beltway 8 Frontage Road.  A 2-inch CPE gas line exist perpendicular to 

Memorial Drive at West Bough Lane/Broken Bough lane and continues southeast along Memorial 

Drive for approximately 125-feet, then continues northwest along Broken Bough Lane. An existing 

2-inch CPE gas line exists along Memorial Drive western ROW at Boheme Drive and continues 

south along Memorial Drive for approximately 300 feet. 

2.5.6.2 Existing CenterPoint Energy Electric Facilities and Lighting 

Overhead electrical power lines exist along Memorial Drive. Limited lighting exists on the south 

side within the same street limits. Existing lighting mounted on utility wood poles primarily exist 

along the south/east of Memorial Drive, from Broken Bough Drive/West Bough Lane to Tallowood 

Road. The City’s spacing requirements for street lighting is from 150-feet to 200-feet. The existing 

lighting spacing generally does not meet this standard. There are existing underground CPE 

electrical street lighting lines to support the existing street lighting.  

2.5.6.3 Existing ATT Facillities 

AT&T has 4-4 inch G.I.P conduits and 2-4 inch conduits crossing perpendicular to Memorial 

Drive at Beltway 8 Frontage Road and continues east for approximately 300 feet connecting to 

an existing manhole. The AT&T lines continue west of Memorial from the manhole.  An existing 

AT&T manhole exists at the south west corner of Memorial Drive and Broken Bough lane with 

several AT&T conduits connecting at this location; existing 4-4 inch PVC conduits and fiber optics 

continue west along Memorial Drive for approximately 180 feet, existing 2-4 inch PVC and 4-4 

inch PVC conduits & fiber optic crossing north along West Bough lane, and existing 8-4 inch 

conduits running south along Memorial Drive southern/western ROW.  AT&T’s existing 8-4 inch 

conduits continue south/east along Memorial Drive to a manhole approximately 100 feet north of 

Boheme Drive.  At this manhole the three different conduits branch out; 2-4 inch G.I.P conduits 

crosses Memorial Drive and continues east, 2-4 inch PVC conduit continues south and then west 

along Boheme Drive and 10-4 inch PVC conduits continue south along Memorial Drive 

southern/western ROW. The existing 10-4 inch PVC conduits continue to approximately 780 feet 

where conduits increase to a 12-4 inch PVC conduit. Two 2-4 inch G.I.P conduits branch out of 

the 10-4 inch conduits. The 12-4 inch conduit continue south along Memorial Drive for 

approximately 120 feet which two sets of 2-4” G.I.P conduits branch out and reduce the 12-4 

inch conduits to 8-4” conduits. The 8-4” conduits continue east along Memorial Drive for 

approximately 600 feet and the conduits increase to 14-4 inch conduits.  The 14-4 inch conduits 

continue east for approximately 200 feet and reduced to 8-4 inch conduits by two sets of 2-4 

G.I.P conduits branching out. The 8-4 inch conduits continue passed Tallowood Drive.           

2.6 Existing Tree Impacts 

Approximately 293 existing trees are located within the construction area of the project. 75 trees will 

be impacted by the proposed improvements resulting in 393 inches to be replaced along the project. 

For additional information, a detailed tree inventory was performed by C.N. Koehl Urban Forestry and 

can be found in Appendix F. Tree protection plans will be required during the Phase II detailed design. 

2.7 Geotechnical Study 

Aviles Engineering Corporation performed the geotechnical investigation for the project. Aviles drilled 

9 soil borings at the project site, each 25-feet to 35-feet in depth. Groundwater was encountered at a 

depth of 27-feet. Groundwater was encountered at one bore location, at a depth of 23-feet. The existing 

pavement encountered was 1.5-inches to 4-inches of asphalt, on top of 8-inches to 14-inches of 

stabilized sand and crushed shell. The report recommends a rigid concrete pavement thickness of 11-

inches with an 8–inch lime stabilized subgrade consisting of 7% lime by dry weight for Memorial 

Drive. The findings and recommendations are presented in the report entitled G178-14.  A copy of this 

report can be found in Appendix G. 

2.8 Environmental Site Assessment 

A Phase I Environment Site Assessment (ESA) was conducted for the project area by Aviles Engineering 

Corporation (AEC). The findings are presented in the report entitled Phase I-Environmental Site 

Assessment TIRZ 17 Reconstruction of Memorial Drive between West Sam Houston Parkway and 

Tallowood Road. Seven (7) RECs were identified which warrant further investigation. See Appendix H 

for the full Phase I ESA report. A fault line was found during the ESA I research but no evidence of a 

fault was found during AEC’s sire reconnaissance. Based on ASTM E 1527-05 criteria, Phase II sampling 

is recommended to quantify possible contamination for the seven (7) REC’s in the vicinity of the subject 

alignment, along with a fault study by a qualified firm. 

2.9 Agency Coordination  
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Contact with different entities will be required throughout the final design phase prior to the final design 

submittal. Coordination meetings will be scheduled with the City of Houston, METRO, City of Bunker 

Hill Village, Harris County Toll Road Authority, TXDOT, and Harris County Flood Control District as 

needed to coordinate design. Upon 60% and 90% completion, drawings will be submitted to the City 

of Houston for review and approval. Early coordination with private utility entities will also be 

conducted in design.   
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3.0 Roadway Assessment and Recommendations 

3.1 Design Criteria  

The following publications were referenced for determining key design criteria in developing 

improvement alternatives for Memorial Drive from Beltway 8 frontage road to Tallowood Drive: 

 City of Houston Department of Public Works and Engineering Infrastructure Design Manual, 

July 2015. 

 City of Houston Department of Public Works and Engineering Standard Construction Details 

for Wastewater Collections Systems, Water Lines, Storm Drainage and Street Paving. 

 City of Houston Department of Public Works and Engineering Standard Construction 

Specifications for Wastewater Collections Systems, Water Lines, Storm Drainage, Street 

Paving and Traffic, dated 2014. 

 American Association of State Highway and Transportation Officials (AASHTO): AASHTO 

Guide for Design of Pavement Structures. 

 American Association of State Highway and Transportation Officials (AASHTO): A Policy on 

Geometric Design of Highways and Streets, 2011 (Green Book). 

 Texas Manual on Uniform Traffic Control Devices, 2011. 

 U.S. Department of Transportation Federal Highway Administration: Roundabouts: An 

Informational Guide, June 2000. 

The geometric design criteria was established based upon the City Infrastructure Design Manual. The 

following is a summary of the geometric design parameters that will be incorporated in this project: 

 Design Speed – 35 mph 

 Vertical curves will be introduced when the algebraic difference in grades exceeds 1 percent 

 Crest and sag vertical curves will be designed according to the guidelines in A Policy on 

Geometric Design of Highways and Streets by AASHTO 

 Minimum grade along the outside gutter will be 0.30 percent. 

 Minimum gradient around intersection turnouts will be 1 percent. 

 Pavement headers will be used at the end of all concrete pavements. 

 Horizontal dowel bars shall be used when meeting existing concrete pavement that has no 

exposed steel. 

 Minimum cross slope of pavement will be ¼ inch per foot. 

 Sidewalks will conform to the latest requirements of the American with Disabilities Act. 

 Expansion joints will be placed at a maximum of 80 feet. 

 Construction joints will be used when pavement is wider than 24 feet in accordance with 

City requirements. 

3.2  Potential Improvement and Recommended Alternatives 

Initial evaluations involved several alignment alternatives that included three different roadway cross 

sections options. Each Alternative includes the same cross section behind the curb, but with varying 

sized medians for each alternative. 

Typical behind the curb amenities included: 

- 10-foot wide concrete shared use path, five feet from the curb, along the south side of  

Memorial Drive 

- 6-foot wide concrete sidewalk, four feet from the curb, along the north side of Memorial Drive 

- ADA compliant wheel chair ramps.  

The following describes each alternative that was evaluated in this report 

Alternative I: 

Alternative I, the recommended alternative, proposes a 4-lane two-way traffic concrete curb 

and gutter roadway divided by a 20-foot to 24-foot raised median with left turn bays at all 

median openings and 11-foot wide travel lanes. Access management, field reconnaissance, the 

latest City of Houston Infrastructure Design Manual (COH IDM) and comments from the public 

meeting were used to determine the optimal median openings locations. All median openings 

will have a minimum 100-foot long left turn bays, to create a safe queue location for left turn 

vehicles while not impacting the two through lanes. The pavement will be 11-inches thick 

Portland cement, per the City IDM. Standard 6-foot wide concrete sidewalks are proposed along 

the northern ROW and a 10-foot wide concrete shared use path is proposed along the southern 

ROW.  This shared use path will connect to the future 8-foot wide path project currently being 

proposed by TxDOT, from the Hershey Park Parking lot to Memorial Drive. To minimize major 

impacts to commercial and residential properties encroaching into City ROW, The proposed 
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median opening width varies from 20-feet to 24-feet. Narrower median widths were analyzed, 

but dismissed due to the following safety issues: 

- Passenger cars having difficulty making u-turns in a single maneuver. This will lead to 

vehicles stopping and having to reverse in the active travel lane to complete the u-turn 

movement. 

- Passenger cars waiting in the median opening will protrude in to the adjacent lane. 

(typical passenger car length is 19-feet, while pickup trucks tend to be longer). Refer to  Exhibit 

3.1 for Typical Section.  

 

Alternative II: 

Alternative II is very similar to Alternative I. The only difference is the median width. 

Alternative II proposes a 4-lane two-way traffic concrete curb and gutter roadway divided by a 

30-foot raised median with left turn bays at all median openings and 11-foot wide travel lanes. 

As discussed previously, over the years, property owners have encroached into the City’s 100 

foot ROW, by means of extended parking lots and/or decorative fencing. The larger median 

extends the proposed curb, sidewalk and shared use path out closer to the ROW, negatively 

impacting some of the property owners. Refer to  Exhibit 3.2 for Typical Section 

Alternative III: 

Alternative III proposes a 4-lane two-way traffic concrete curb and gutter sections with a 14-

foot wide continues center two-way left turn lane. There are numerous commercial and 

residential driveways, closely spaced, along the project. Due to the number of conflicting 

turning movements along the project, a continuous two-way left turn lane alternative is not a 

safe alternative. Additionally, Alternative III does not satisfy the quality of life objective. See 

Exhibit 3.3 for more details. 

 

3.3 Driveways and Pedestrian Facilities 

Driveways along the project alignment will be removed and replaced with standard City driveways. At 

some locations, the existing driveways must be replaced passed the right-of-way limits to provide a 

smooth transition and mitigate drainage impacts resulting from the change in grade. The final location 

of the driveways will be determined during detail design. 

Pedestrian facilities will be added to meet ADA requirements along the entire project limits. The 

sidewalks will be 6-foot in width on the north/east sides and the shared path will be 10-foot in width 

along the south/west side, located a minimum of 4-feet behind the curb.  

3.4 Right-of-Way Requirements 

No additional right-of-way will be required in any of the roadway alternatives. However two corner 

clips will be required to accommodate proposed turning radii, continuous sidewalks, and traffic signal 

equipment.  A 25-foot x 25-foot corner clip is required at the northeast corner of Memorial Drive at 

northbound beltway 8 frontage road. A 20-foot x 20-foot corner clip is required at the northwest corner 

of Memorial Drive at West Bough Lane. Refer to Appendix E for ROW acquisition details. 

 

3.5 Traffic Control Plan and Construction Sequencing 

The traffic control plan and construction sequencing for the recommended Alternate I will require two 

phases during construction to reduce impacts to adjacent properties and minimize construction time. 

The conceptual construction phasing plan can be found in Appendix E. Phase I will include the 

construction of the storm sewer, along the south side of Memorial Drive. There will be one 10-foot 

lane in each direction with a continuous two way left turn lane so that access to commercial and 

residential properties are maintained. This will require approximately 10-feet of temporary asphalt to 

be installed along the northern side of Memorial Drive.  

Phase II will include the construction northern side of Memorial Drive including service connections. 

To maintain the same 3 lane configuration as Phase I, the proposed median curbs cannot be constructed 

until Phase II is completed, at which time one lane in each direction can be maintained on the newly 

constructed pavement. According to City’s rolling closure rule, the contractor’s work zone cannot 

exceed more than 800 feet at one time. 

During detailed design, METRO will be contacted to coordinate the traffic control phases with their 

bus routes/bus stops. 
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Exhibit 3.1 Alternative I Typical Section 
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Exhibit 3.2 Alternative II Typical Section 
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Exhibit 
3.3 Alternative III Typical Section 
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3.6 Landscaping Alternative 

Three alternatives for landscaping improvements were considered. The three levels of proposed 

improvements are as follows: 

Level 1 – (High Level of Amenities) 

 6-foot wide sidewalks with decorative pavers alternating with broom finished 

concrete; 

 10-foot wide shared use path with broom finished concrete, 

 Additional tree and shrub plantings; 

 Enhanced Pedestrian lighting along entire project limits.  

Level 2 – (Medium Level of Amenities) 

 6-foot wide sidewalks with decorative pavers alternating with broom finished 

concrete; 

 Limited tree or shrub plantings 

 No pedestrian lighting 

Level 3 – (Low Level of Amenities, Minimum City Standard) 

 City standard 5-foot wide broom finished concrete sidewalks 

 No additional tree or shrub plantings 

 No pedestrian lighting 

To satisfy the quality of life objective, Level 1 – High Level Landscaping Amenities are recommended 

along Memorial Drive. This will provide a pleasing aesthetic value to the area. 

3.7 Street Lighting 

Existing standard City of Houston street lights exist along Memorial Drive. Proposed street lighting will 

be included during the detailed design phase along Memorial Drive from Beltway 8 Frontage Road to 

Tallowood Road.   

3.8 Recommended Roadway Improvements 

Roadway recommendations are based on Roadway geometrics, pedestrian facilities and 

recommendations from the drainage and traffic portions of this report. The impacts to right-of-way, 

trees, and underground utilities have also been considered. Alternative I, is the most reasonable and 

feasible alternative. It will provide improved mobility, safety and efficiency along the project alignment. 

The recommended 6’foot wide sidewalks and 10-foor wide shared path will further satisfy the quality 

of life objective. Alternative I also coincides with the comments and concerns expressed by the public 

in the April 2015 Public Town Hall Meeting. Refer to Appendix B for 30% Plan and Profile sheets 

depicting Alternative I. 
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4.0 Traffic Analysis and Recommendations 

4.1  Background 
This study analyzes the proposed improvements for Memorial Drive between the Beltway 8 
Southbound (SB) frontage road and Tallowood Road.  Proposed improvements along Memorial Drive 
include:  

 Adding a 20ft-24ft median in the center of Memorial Drive 

 Installing left turn bays with a minimum of 100 feet of storage capacity at most median 

openings 

 Improving turn-radii at driveways and intersections 

 Reconstructing traffic signals at Beltway 8 frontage roads and West Bough Lane 

 Upgrading pedestrian ramps to meet Americans with Disabilities Act (ADA) requirements 

 
4.2  Field Investigation and Data Collection 

LAN collected data with respect to intersection geometry, striping, signage, land use, access 
management, and traffic control features during a field visit on February 5, 2015.  Twenty-four-hour 
traffic volumes and turning movement counts (TMCs) were collected from January 13-21, 2015. 
 

4.2.1  Existing Roadway Geometry 

Memorial Drive is a four-lane undivided road with a posted speed of 35 mph and is 
designated as a four-lane major thoroughfare in the 2013 City of Houston (COH) Major 
Thoroughfare and Freeway Plan (MTFP).   
 
 
 
 
 
 
 
provides the existing roadway geometry for Memorial Drive cross-streets and driveways. A 
summary of lane configuration and turning movements by approach along Memorial Drive is 
shown in Appendix D 
 
No designated on-street parking areas were observed along any portion of Memorial Drive.  
Pedestrian and bicycle facilities are limited to the discontinuous, inadequate sidewalks in both 
directions from the Beltway 8 to Tallowood Road.  Bicycle traffic in the street shares the lane 
with vehicular traffic due to the absence of bicycle lanes.   
 
The Beltway 8 northbound and southbound frontage roads run parallel to the Sam Houston 
Tollway mainlanes.  Both of the Beltway 8 frontage roads are three lanes with a posted speed 
of 40 mph.   These frontage roads intersect Memorial Drive and are separated by a 200-ft at 
grade overpass over the Sam Houston Tollway mainlanes.  Medians on each side of the 

overpass separate the U-turn only lanes from Memorial Drive traffic.  Nearby mainlane access 
from the Beltway 8 frontage roads is located approximately 800 feet south of Memorial Drive. 
 
 
 
 
 
 
 
Table 4.1:  Existing Roadway Geometry for Memorial Drive Cross-Streets 

Cross-Street Lanes Intersection Type Posted Speed Limit 

Beltway 8 FR (SB) 3 4-leg 40 mph 

Beltway 8 FR (NB) 3 4-leg 40 mph 

West Bough Lane 2 4-leg Not posted 

Old Oaks Drive* 2 T-intersection Not posted 

Huntingwick Drive* 2 T-intersection Not posted 

Boheme Drive* 2 T-intersection 30 mph 

Memorial Bend* 2 T-intersection Not posted 

Hollow Drive* 2 T-intersection Not posted 

Somerset Place* 2 T-intersection Not posted 

Legend Lane* 2 T-intersection Not posted 

Tallowood Road* 2 T-intersection Not posted 
 * Unsignalized intersection 
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4.2.2 Existing Adjacent Land Use and Accessibility 

Adjacent land use includes Town & Country Village, an upscale retail plaza located north of 
Memorial Drive between Beltway 8 and Broken Bough Drive/West Bough Lane.  Major 
attractors in the plaza include Randall’s, upscale restaurants, and Barnes & Noble.  Shared retail 
and dining buildings extend from Memorial Drive to as far north as City Centre.  Primary access 
to Town & Country Village is off Memorial Drive to the south, Beltway 8 to the west, Kimberley 
Lane to the north, and Broken Bough Drive/West Bough Lane to the east.  Primary truck access 
to the loading docks north of Randall’s is off of West Bough Lane. 

 
Many drivers continue along the Beltway 8 northbound frontage road to access City Centre or 
IH-10, each of which is located approximately half a mile north of Memorial Drive. Bendwood 
Park and Wildcat Way School are located on Kimberley Lane, north of Memorial Drive, and 
can be accessed from Memorial Drive via West Bough Lane.  Bendwood Park contains 
playgrounds, basketball courts, a soccer field, picnic areas, and two tennis courts.     

 
Boheme Drive serves as a cut-through street for vehicles to access the Beltway 8 frontage roads.  
A small shopping and dining plaza is located on the south side of Boheme Drive, while local 
streets leading to residences are located on the north side of Boheme Drive.  Both Hollow Drive 
and Frostwood Drive are two-lane local streets that serve residential areas.  Single-family homes 
are located to the northeast and south of the area, with townhouses to the west of Boheme 
Drive. 

 
Three major traffic generators are located about one mile north of the intersection of Memorial 
Drive and Gessner Road:  Memorial City Mall, Memorial Hermann Medical Center, and IH-10.  
The intersection experiences lengthy vehicular queues heading southbound during the A.M. 
peak hour and northbound during the P.M. peak hour. 

4.2.3 Existing Traffic Signals 

There are two existing signalized intersections with Memorial Drive in the study area: 
1. Beltway 8 FR (southbound) and Beltway 8 FR (northbound) 

2. Broken Bough Drive//West Bough Lane  

 
The intersection of Memorial Drive with the Beltway 8 frontage roads are controlled by one 
controller located in the southwest corner of Beltway 8 SB frontage road and Memorial Drive 
and uses VIVDS for vehicle detection for all approaches.  Field observations confirmed three-
phase signal timing with a 120-second cycle length, as signal timing plans were not available 
from TranStar.  
 
Traffic signal timings were provided by Houston TranStar for Broken Bough/West Bough Lane 
and Memorial Drive.  No offset is used for the intersection with a 120-second cycle length, and 
a video image vehicle detection system (VIVDS) is used for vehicle detection on all approaches.  
Left turns both northbound and southbound from Broken Bough Drive/West Bough Lane were 
permitted, while left turns on Memorial Drive eastbound and westbound were protected. 
 

Existing traffic signal layouts can be found in Appendix D.  Vegetation on the northwest corner 
of the intersection of Memorial Drive at the southbound Beltway 8 frontage road provides a 
visibility issue for pedestrians looking to cross the street at that corner.  Additionally, an existing 
conduit is exposed atop the median separating the northbound U-turn lane and eastbound 
Memorial Drive through lanes, as seen in Figure 4.1. 

 
Figure 4.1: Above-ground Conduit on Memorial Drive Overpass 

 

4.2.4 Existing Traffic Volumes 

24-hour tube counts and turning movement counts (TMCs) were collected for this study from on 
weekdays from Tuesday, January 13, 2015 and Wednesday, January 21, 2015.  Data from the 
24-hour counts turning movement count data is provided in Appendix D.  TMCs were used to 
determine the weekday A.M. and P.M. peak hour periods, which were 7:30 A.M. – 8:30 A.M 
and 5:00 P.M. – 6:00 P.M, respectively.  Turning movement counts for the AM and PM peak 
are depicted in Appendix D. 
 

4.2.2 Existing Pedestrian Volumes  

Pedestrian volumes were collected as part of the TMCs recorded between January 13, 2015 
and January 21, 2015 and can be found in Appendix D.  At the Beltway 8 frontage roads, 
Broken Bough Drive/West Bough Lane, and Boheme Dive intersections, there was very little 
pedestrian activity. At each of these intersections, a maximum of 4 pedestrians were recorded 
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at each intersection during the AM and PM peak periods. At Hollow Drive intersection 5 
pedestrians were recorded in the AM peak period and 9 pedestrians in the PM peak period.  
 
 
4.2.3 Existing Transit Service 

METRO’s new Reimagine Houston transit service plan was launched in August 2015.  Transit 
service routes 161(Wilcrest Express) and 162 (Memorial Express) travel within the study area 
limits and make several stops along the corridor.  There are seven bus stops heading 
westbound on Memorial Drive and six bus stops heading eastbound on Memorial Drive. 
There are no existing bus shelters along Memorial Drive within the project limits. METRO will 
be contacted during the final design stage to coordinate new bus stop locations and routes in 
accordance with changes in roadway geometry on Memorial Drive. 

 
4.3 Methodology 

Methodology used for this traffic study is as follows: 
 Site investigation and observation 

 Collecting Average Daily Trips (ADTs) and TMCs at the study intersections 

 Analyze existing and future conditions for access management and Level-of-Service 

(LOS) 

 Mitigate substandard conditions  

 Document analysis and findings and provide recommendations 

 
4.4 Existing Condition Assessment 

Existing condition assessment for intersection delays, crash analysis, and access management is 
presented in this section of the report.  Highway Capacity Manual (HCM) Intersection Control Delays 
and HCM Intersection Level-of-Service (LOS) were determined for all intersections within the study 
area.  Crash analysis and access management techniques were evaluated at locations with relatively 
high crash incidents. 
 

4.4.1 Intersection Delays 

Traffic simulation was completed using Synchro 9.0 and SimTraffic 9.0.  Synchro is a 
macroscopic and traffic signal optimization program, and SimTraffic is a micro-simulation 
program. 
 
Intersection and approach Level of Service (LOS) are based off control delay, measured in 
seconds per vehicle (sec/veh).  Control delay is the portion of total delay attributed to the 
traffic control used at an intersection.  Components of control delay are initial deceleration 
delay, queue move-up time, stopped delay, and final acceleration.  The concept of Level of 
Service (LOS), as explained in the Highway Capacity Manual (HCM 2010), is similar to the 

grading system in school – A is the best, F is the worst.  Table 4.2 provides the LOS criteria 
for both unsignalized and signalized intersections. 
 
 
 

 
Table 4.2:  LOS Criteria for Signalized and Unsignalized Intersections 

 

LOS 
Control Delay (sec/veh) 

LOS Description Signalized 
Intersection 

Unsignalized 
Intersection 

A < 10 < 10 
Good progression and short cycle lengths, 
most vehicles do not stop 

B > 10 and < 20 > 10 and < 15 Good progression and / or short cycle 
length, more vehicles stop 

C > 20 and < 35 > 15 and < 25 
Fair progression and / or longer cycle 
lengths, some cycle failures 

D > 35 and < 55 > 25 and < 35 
Congestion becomes noticeable, high 
volume to capacity ratio 

E > 55 and < 80 > 35 and < 50 
Limit of acceptable delay, poor progression, 
long cycles, and / or high volume to capacity 
ratio 

F > 80 > 50 
Unacceptable to drivers, oversaturated 
conditions, volume greater than capacity, 
poor progression and long cycle lengths 

 
LOS breakpoints and methodology for stop-controlled intersections are different than 
signalized intersections, as drivers expect different levels of performance from different kinds 
of transportation facilities.  Drivers expect higher traffic volumes and delays at signalized 
intersections than at unsignalized intersections.  The control delay threshold for any given LOS 
is less for an unsignalized intersection than it is for a signalized intersection.  Additionally, 
service measures for two-way stop controlled intersections are only reported for minor-street 
approaches and major-street left turns.  In this report, the worst of the minor street approaches 
and major street left turns is reported in the results.   
 
The City’s Infrastructure Design Manual states that, “The need for mitigation is determined by 
using the qualitative measure Level-of-Service (LOS). The threshold of significance for 
transportation facilities on the area street systems is LOS D.” LOS D is considered acceptable 
for this study. 
 
Existing Conditions A.M. and P.M. peak hour traffic models were developed using Synchro 
9.0 for current year 2015.  Existing Conditions models served as a calibration point to provide 
a baseline for comparing models for future years that evaluate no-build Conditions and 
proposed improvement alternatives.  Intersection analysis results were quantified using two 
measures of effectiveness (MOEs):  95th-percentile queue lengths and LOS. 
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4.4.2 Crash Analysis 

A crash analysis was completed with 2014 accident data from the Houston Police 
Department.  Detailed crash type data (i.e., high-speed, left-turn, involving 
pedestrians/cyclists, etc.) was not available.  Crashes were identified in the following 
categories: 

 Fatal 
 Incapacitating 
 Non-incapacitating 
 Possible injury 
 Non-injury 
 Unknown severity 

 
There were 27 total crashes at intersections along Memorial Drive in 2014, none of which 
were fatal.  Three crashes occurred at unsignalized intersections (Boheme Drive and Hollow 
Drive), while the remainder occurred at signalized intersections. 
 
Over half of the total crashes occurred at the northbound and southbound Beltway 8 frontage 
roads, with 9 and 14 crashes, respectively.  Of the 27 crashes, 16 resulted in no injury to the 
driver or passengers, six involved non-capacitating injuries, and one was classified as non-
fatal incapacitating.  See Table 4.3 for a summary of total crashes at Memorial Drive 
intersections by crash type in 2014, the most recently available year of data, as well as a 
graphical depiction in Figure 4.2. 

 
Table 4.3:  Number of Crashes at Memorial Drive Intersections by Crash Type in 2014 

Cross-Street Fatal Incapacitating Non-
Incapacitating 

Possible 
Injury 

Non-
Injury 

Unknown 
Severity 

Total

Beltway 8 FR (SB) 0 1 2 3 8 0 14 

Beltway 8 FR (NB) 0 0 1 2 6 0 9 

West Bough Lane 0 0 0 0 1 0 1 

Boheme Drive 0 0 1 1 0 0 2 

Hollow Drive 0 0 0 0 1 0 1 

Tallowood Road 0 0 0 0 0 0 0 

Total 0 1 4 6 16 0 27 
 
 

 
Figure 4.2:  Crashes at Signalized/Unsignalized Intersections on Memorial Drive in 2014 

 
Crash data obtained for this study was used to identify locations where access management 
may reduce opportunities for crashes in the future.  Access management techniques are used 
in roadway design to preserve roadway efficiency and enhance traffic safety, including: 

 Closing or modifying median openings to restrict turning movements 

 Restricting turning movements by closing or modifying minor street or private 

driveways 

 Adding or extending left-turn lanes 

 Improving turn radii 

 Constructing shared access between property owners 

 Consolidating driveways where multiple driveways access the same property 
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Access management is the systematic control of location, spacing, design, and operation of 
driveways, medians, interchanges, and street connections to a roadway.  Among the benefits 
associated with corridor access management are: 

 Improved safety and operations on conflicting movements 

 Reduced crash rates 

 Reduced delay and congestion  

 Improved aesthetics 

 Opportunities to improve pedestrian and bicycle travel 

 
4.5 Public Meetings 

TIRZ 17 identified Memorial Drive as one of its key capital improvement projects to focus on 
in FY 2015, as it would make an immediate significant impact to the community.  A part of 
the TIRZ 17’s ongoing efforts to keep the community informed, a public meeting was held on 
April 14, 2015 to present the plans for Memorial Drive.  The event’s objective was to update 
the public on the project and solicit input from the public.  The event included a Powerpoint 
presentation, followed by a Questions & Answers session and multiple informational stations 
on the project’s drainage and roadway recommendations.  The informational stations were 
interactive to allow the participants to provide input and ask engineers questions. 
Information gathered from these meetings was invaluable to the understanding of day-to-day 
operations and traffic flow throughout the study area.  See Appendix D for a list of public 
questions and responses. 

 
4.6 Analyzed Alternatives and Traffic Growth 

4.6.1  No-Build Condition 

No Build conditions consisted of the existing roadway network modeled with design year 
traffic volumes for the A.M. and P.M. weekday peak hour conditions (using Year 2015 
volumes from the recorded TMCs and growth rates from H-GAC travel demand forecasts to 
reflect future year conditions with no changes to roadway geometry. 
 
The only pending or authorized building permit in the area provided by the City was 
Memorial Green, a future commercial/residential site just east of Legend Lane.  Construction 
for the 83,041 ft2 building and parking garage began in August 2015. 
 
The study area from the Traffic Impact Analysis (TIA) prepared for the Memorial Green 
Development was from West Bough Lane to Gessner Road. Site-generated traffic volumes as 
listed in the TIA were applied to the opening year 2016 networks from West Bough Lane to 
Tallowood Drive 
 
4.6.2 Build Condition 

The preferred alternative was modeled in the Build condition.  All calculations and 
assumptions in the Build condition were made in accordance to the July 2015 update of the 

City’s Infrastructure Design Manual (IDM).  A 24-ft median was added along Memorial Drive 
and all mainlanes were set at 11 ft.  Every median opening provided at least 100 ft of left-turn 
storage in both directions at all cross-streets, except for the following turning movements: 

 SBL onto Memorial Drive at Town & Country Village (east driveway) 

 SBL onto Memorial Drive at Town & Country Village (west driveway) 

 WBL onto Memorial Drive at Huntingwick Drive 
 

Huntingwick Drive was not provided median access to make left turns onto Memorial Drive 
due to the proximity to Old Oaks Drive and insufficient storage space.  Existing left turning 
traffic will be required to turn right and make a U-turn further downstream in place of the left-
turn movement.  Proposed turning movements and lane configurations by approach are shown 
in Appendix D. 

 

4.6.3 Opening Year and Future Year Traffic Growth 

Alternatives were analyzed for projected existing 2015 conditions, opening year 2016, and 
future year 2030 conditions and were compared to no build Conditions for corresponding 
years.  All scenarios were analyzed for both A.M. and P.M. peak hour traffic conditions.  Ten 
scenarios were analyzed: 

 2015 A.M. Peak Hour – Existing 

 2016 A.M. Peak Hour – No Build 

 2016 A.M. Peak Hour – Build 

 2030 A.M. Peak Hour – No Build 

 2030 A.M. Peak Hour – Build 

 2015 P.M. Peak Hour – Existing 

 2016 A.M. Peak Hour – No Build 

 2016 A.M. Peak Hour – Build 

 2030 P.M. Peak Hour – No Build 

 2030 P.M. Peak Hour -- Build 
 

Projected traffic volumes for opening year 2016 and future year 2030 were calculated using 
growth rates based upon travel demand forecasts furnished by the Houston-Galveston Area 
Council (H-GAC). Opening year and future Build and No Build volumes were by applying the 
average annualized growth rate of 0.84 percent over a 15-year period, as seen in Table 4.4 
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Table 4.4:  Annualized Growth Rate Calculations 

Direction Location 2011 2035 Rate 
EB W of Beltway 8 17,558.2 20,682.8 0.68% 
WB W of Beltway 8 13,629.2 19,388.8 1.48% 
EB E of Beltway 8 17,450.8 21,521.8 0.88% 
WB E of Beltway 8 12,668.6 15,940.5 0.96% 
EB NW of West Bough Lane 6,780.1 9,589.3 1.45% 
WB NW of West Bough Lane 10,630.8 12,283.7 0.60% 
EB SE of West Bough Lane 6,780.1 9,589.3 1.45% 
WB SE of West Bough Lane 10,630.8 12,283.7 0.60% 
EB E of Boheme Drive 6,780.1 9,589.3 1.45% 
WB E of Boheme Drive 10,630.8 12,283.7 0.60% 
EB W of Frostwood Drive 13,004.6 15,305.7 0.68% 
WB W of Frostwood Drive 10,993.8 12,444.4 0.52% 
EB W of Gessner Road 13,004.6 15,305.7 0.68% 
WB W of Gessner Road 10,993.8 12,444.4 0.52% 
EB E of Gessner Road 7,782.1 8,919.9 0.57% 
WB E of Gessner Road 7,604.4 8,190.4 0.31% 

Average Annualized Growth Rate 0.84% 
 

The average annual growth rate on Memorial Drive is projected to be 0.84 percent between 2011 
and 2035.  Using the average growth rate, growth factors were calculated for every approach and 
applied to the corresponding existing TMCs to calculate the A.M. and P.M. peak hour TMCs in 
2030.  Appendix D depicts future TMCs along Memorial Drive. 
 

4.7 Traffic Analysis – A.M. Peak Hour 

The 2010 Highway Capacity Manual was used by Synchro 9.0 to report MOEs at all cross-streets 
and major driveways in the study area during the A.M. peak hour.  These metrics included: 

 Approach LOS 

 Approach control delay (sec) 

 Overall intersection LOS 

 Overall intersection delay (sec) 

All traffic signal timings were optimized using the City’s standard cycle length and assumed future 
signal maintenance. Complete Synchro 9.0 output files are found in tables in Appendix D.  Table 
4.6 summarizes the MOEs listed above for each intersection in the study area. 

 
4.7.1 2015 A.M Peak – Existing Condition 

The intersections of Memorial Drive with the southbound and northbound Beltway 8 frontage 
roads operate at LOS D and LOS F, respectively, during the A.M. peak hour.  This is due to a 
high number of vehicles using the frontage roads to access Sam Houston Tollway travelling to 
work each morning.  Overall delay at the SB and NB frontage road intersections was 38.8 
seconds and 71.0 seconds, respectively.  All approaches on Beltway 8 SB frontage road 
operated at a LOS D or better, while the NB frontage road and WB Memorial approaches on 
operated at LOS F. 
 

The intersection of Broken Bough Drive/West Bough Lane at Memorial Drive operated at LOS 
D overall, but both cross street approaches operated at LOS F.  Through traffic on Memorial 
Drive operated at LOS C and LOS B for the eastbound and westbound approaches, 
respectively. 
 

All stop-controlled intersections in the study area performed at LOS D or better during the 
existing A.M. peak hour. 

 

4.7.2 2016 A.M Peak – No Build Condition 

In 2016, there is a decreased operational performance at seven of the eight unsignalized 
intersections along the corridor by at least one LOS letter, six of which were LOS E or worse. 
 

4.7.3 2016 A.M Peak – Build Condition 

In 2016, three of the eight unsignalized intersections along the corridor will perform at LOS E 
or less.  The presence of left-turn medians resulted in four intersections with a higher LOS 
than their 2016 No Build condition counterpart.  Eliminating left turns from Huntingwick 
Drive onto Memorial Drive improved that intersection’s operational performance from LOS D 
to LOS B. 
 
 

4.7.4 2030 A.M Peak – No Build Condition 

With traffic volumes projected to increase by 0.84 percent annually between 2015 and 2030, 
operational performance at both Beltway 8 frontage road intersections with Memorial Drive is 
expected to further deteriorate.  Operational performance on Beltway 8 NB is expected to 
decrease from LOS D to LOS E during the 2030 A.M No Build peak hour.  With no right-only 
lane, lengthy queues will also form in the southbound frontage road.  The overall delay for the 
entire intersection was 71.3 seconds. 
 
Traffic congestion was still unacceptable at the northbound frontage road intersection, with an 
overall intersection delay of 120.3 seconds and LOS F.  Eastbound through traffic traveling 
over the Sam Houston Tollway overpass on Memorial Drive is expected to operate at LOS D 
with 51.9 seconds of average delay in the 2030 A.M. No Build peak hour. 
 

Seven of the eight stop-controlled intersections decreased in operational performance to LOS E 
or LOS F, with only Hollow Drive performing as LOS D.  The innermost lane along Memorial 
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Drive is a shared left-through movement along most of the corridor.  Left-turning vehicles that 
were unable to turn left due to conflicting through movements resulted in delays and lower 
LOS at each of these intersections. 

 
 
 
 

4.7.5 2030 A.M Peak – Build Condition 

There was no traffic operational performance improvements at the intersection of Memorial 
and Beltway 8 frontage roads because no changes were made to the Sam Houston Tollway 
overpass.  Intersection control delay at Beltway 8 SB and NB are expected to result in LOS E 
and LOS F, respectively, in the 2030 A.M. peak hour Build condition. 
 

Due to the projected volumes, Synchro 9.0 results show that the traffic operational 
performance at nearly every stop-controlled intersection exceeds the City’s acceptable LOS 
criteria.  However, the Synchro 9.0 software does not consider the benefits associated with 
enhanced access management and safety improvements, such as adding new medians.  Left-
turn movements will be free to turn left from Memorial Drive onto minor streets without 
inhibiting through traffic as a result of the newly installed storage bays. This significantly 
reduces the number of potential conflict points, thus decreasing the likelihood of crashes 
when turning left across Memorial Drive. 
 

Huntingwick Drive was not provided median access to make left turns onto Memorial Drive 
due to the proximity to the Old Oaks Drive intersection as well as insufficient storage space.  
Instead, drivers were required to turn right and make a U-turn further downstream in place of 
the left-turn movement.  LOS increased from F to B at Huntingwick Drive but remained the 
same at other intersections when comparing No Build vs. Build conditions, suggesting the 
Build condition improvements were successful at this location. 
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Table 4.6:  Summary of MOEs during A.M. Peak Hour by Alternative 
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Memorial Drive 
@ 

Beltway 8 
(Southbound) 

EB 43.6 D 

38.8 D 

47.4 D 

43.3 D 

47.4 D 

43.8 D 

56.7 E 

71.3 E 

56.7 E 

71.3 E 
WB 43.3 C 44.0 D 46.9 D 57.3 E 57.3 E 

NB --- --- --- --- --- --- --- --- --- --- 

SB 36.8 D 39.8 D 39.8 D 87.8 F 87.8 F 

Memorial Drive 
@ 

Beltway 8 
(Northbound) 

EB 36.3 D 

71.0 F 

37.4 D 

71.9 E 

37.4 D 

71.7 E 

51.9 D 

120.3 F 

51.9 D 

119.5 F 
WB 102.2 F 109.0 F 103.4 F 112.3 F 106.8 F 

NB 80.5 F 79.7 E 80.9 F 160.2 F 160.2 F 

SB --- --- --- --- --- --- --- --- --- --- 

Memorial Drive 
@ 

Broken Bough Drive 

EB 26.1 C 

38.5 D 

15.8 B 

38.1 D 

31.4 B 

45.1 D 

21.3 C 

28.6 C 

23.2 C 

30.2 C 
WB 13.2 B 15.0 B 15.0 B 24.8 C 26.7 C 

NB 134.9 F 159.2 F 159.2 F 56.9 E 56.9 E 

SB 98.0 F 121.3 F 121.3 F 50.7 D 50.7 D 

Memorial Drive 
@ 

Old Oaks Drive 

EB --- --- 

2.4 D 

--- --- 

3.0 E 

--- --- 

2.3 E 

--- --- 

6.3 F 

--- --- 

3.9 F 
WB 32.9 D 46.7 E 39.8 E 108.7 F 72.0 F 

NB 0.0 --- 0.0 --- 0.0 --- 0.0 --- 0.0 --- 

SB 1.3 --- 1.4 --- 0.7 --- 1.9 --- 0.7 --- 

Memorial Drive 
@ 

Huntingwick Drive 

EB --- --- 

1.3 C 

--- --- 

1.6 D 

--- --- 

0.4 B 

--- --- 

2.6 F 

--- --- 

0.4 B 
WB 24.6 C 31.8 D 11.8 B 52.1 F 12.6 B 

NB 0.0 --- 0.0 --- 0.0 --- 0.0 --- 0.0 --- 

SB 0.4 --- 0.4 --- 0.0 --- 0.6 --- 0.0 --- 

Memorial Drive 
@ 

Boheme Drive 

EB 21.9 C 

3.5 C 

98.8 G 

17.2 F 

80.7 F 

13.9 F 

298.2 F 

50.5 F 

225.5 F 

38.0 F 
WB --- --- --- --- --- --- --- --- --- --- 

NB 1.7 --- 2.5 --- 1.6 --- 3.1 --- 1.8 --- 

SB 0.0 --- 0.0 --- 0.0 --- 0.0 --- 0.0 --- 

Memorial Drive 
@ 

Memorial Bend 

NE --- --- 

0.6 D 

--- --- 

0.9 E 

--- --- 

0.6 D 

--- --- 

11.1 E 

--- --- 

0.9 E 
SE 0.0 --- --- --- 0.1 --- 0.4 --- 0.1 --- 

NW 0.3 --- 0.4 --- 0.0 --- 0.0 --- 0.0 --- 

SW 34.8 D 48.0 E 27.6 D 40.6 E 39.3 E 

 
  



Memorial Drive                  
Preliminary Engineering Report 
 
 

32 
January 2016 

 

Table 4.6:  Summary of MOEs during A.M. Peak Hour by Alternative (continued) 
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Memorial Drive 
@ 

Hollow Drive 

EB 0.1 --- 

0.3 C 

0.2 --- 

0.4 C 

0.1 --- 

0.4 C 

0.3 --- 

0.7 D 

0.1 --- 

0.6 D 
WB 0.0 --- 0.0 --- 0.0 --- 0.0 --- 0.0 --- 

NB --- --- --- --- --- --- --- --- --- --- 

SB 18.4 C 23.8 C 23.5 C 32.8 D 32.8 D 

Memorial Drive 
@ 

Somerset Place 

EB 0.0 --- 

1.6 C 

0.0 --- 

2.7 E 

0.0 --- 

2.0 D 

0.0 --- 

5.8 F 

0.0 --- 

3.5 F 
WB 1.0 --- 2.2 --- 1.0 --- 3.0 --- 1.1 --- 

NB 23.9 C 39.5 E 34.3 D 98.0 F 65.3 F 

SB --- --- --- --- --- --- --- --- --- --- 

Memorial Drive 
@ 

Legend Lane 

EB 0.0 --- 

0.9 D 

0.0 --- 

1.2 E 

0.0 --- 

1.0 E 

0.0 --- 

2.3 F 

0.0 --- 

1.7 F 
WB 0.6 --- 0.8 --- 0.3 --- 1.1 --- 0.3 --- 

NB 30.8 D 41.9 E 39.9 E 81.1 F 72.2 F 

SB --- --- --- --- --- --- --- --- --- --- 

Memorial Drive 
@ 

Tallowood Road 

EB 2.5 --- 

3.3 D 

3.0 --- 

4.9 F 

1.1 --- 

2.5 D 

4.4 --- 

4.7 E 

1.2 --- 

4.8 F 
WB 0.0 --- 0.0 --- 0.0 --- 0.0 --- 0.0 --- 

NB --- --- --- --- --- --- --- --- --- --- 

SB 32.5 D 58.0 F 33.4 D 41.1 E 73.4 F 
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4.8 Traffic Analysis – P.M. Peak Hour 

The 2010 Highway Capacity Manual was used by Synchro 9.0 to report Measurement of 
Effectiveness (MOEs) at all cross-streets and major driveways in the study area during the P.M. peak 
hour.  These metrics included: 

 Approach LOS 

 Approach control delay (sec) 

 Overall intersection LOS 

 Overall intersection delay (sec) 
 

All traffic signal timings were optimized using the COH’s standard cycle length and assumed future 
signal maintenance. Complete Synchro 9.0 output files are found in tables in Appendix D.  Table 
4.7 summarizes the MOEs for each intersection in the study area. 

 

4.8.1 2015 P.M Peak – Existing Condition 

Operational performance at all three signalized intersections was unacceptable in accordance 
with the City’s Infrastructure Design Manual.  The intersections of Memorial Drive at the 
northbound and southbound Beltway 8 frontage roads both operate at LOS E during the P.M. 
peak hour.  This is due to a high number of vehicles using the frontage roads to access Sam 
Houston Tollway as they return from work each evening.  Overall delay at the SB and NB 
frontage road intersections was 71.4 seconds and 79.4 seconds, respectively.  The intersection 
of Memorial Drive at Broken Bough Drive/West Bough Lane operated at LOS E overall with an 
average overall intersection delay of 59.3 seconds. 
 

Only three of the stop-controlled intersections in the study area – Huntingwick Drive, 
Memorial Bend Drive, and Somerset Place – performed at LOS D or better during the existing 
P.M. peak hour.  The longest control delay for any left turning movement was 127.6 seconds 
for SB vehicles turning left out of Old Oaks Drive onto Memorial Drive. 

 

4.8.2 2016 P.M Peak – No Build Condition 

In 2016, the majority of the intersections oprerated at LOS F.  Traffic operational performance 
decreased from LOS D to LOS E at Huntingwick Drive and LOS D to LOS F at Memorial 
Bend. 

  
 
 

4.8.3 2016 P.M Peak – Build Condition 

With traffic volumes projected to increase by 0.84 percent annually between 2016 and 2030, 
operational performance at both Beltway 8 frontage road intersections with Memorial Drive is 
expected to further deteriorate.  Traffic congestion was still unacceptable at the northbound 
frontage road intersection, with an overall intersection delay of 82.3 seconds and LOS F. 
 

Signal timing was optimized at all signalized intersections, resulting in acceptable operational 
performance at the intersection of Memorial Drive and Broken Bough Drive/West Bough Lane.  
This signalized intersection is expected to experience 38.6 seconds of control delay and 
operate at LOS D in the 2016 P.M. Build condition, assuming optimal signal timing.  
 
Seven of the eight stop-controlled intersections decreased in operational performance to LOS E 
or LOS F, with only Huntingwick Drive performing at LOS C.  The Synchro 9.0 software does 
not consider the benefits associated with enhanced access management and safety 
improvements, such as adding new medians.  Left-turn movements will be free to turn left 
from Memorial Drive onto minor streets without inhibiting through traffic as a result of the 
newly installed storage bays. This significantly reduces the number of potential conflict points, 
thus decreasing the likelihood of crashes when turning left across Memorial Drive 

 
4.8.4 2030 P.M Peak – No Build Condition 

With traffic volumes projected to increase by 0.84 percent annually between 2015 and 2030, 
operational performance at both Beltway 8 frontage road intersections with Memorial Drive is 
expected to further deteriorate.  All turning movements at the SB frontage road intersection are 
expected to operate at LOS E or worse and experience lengthy queues for both through and 
left turning movements.  With no right-only lane, queues will likely reach over 1,000 ft on the 
southbound frontage road.  The overall delay for the entire intersection was 106.7 seconds. 
 
Traffic congestion was still unacceptable at the northbound frontage road intersection, with an 
overall intersection delay of 107.8 seconds and LOS F.  Eastbound through traffic heading 
over the Sam Houston Tollway overpass on Memorial Drive managed to operate at LOS D 
with 51.8 seconds of average delay in the 2030 P.M. No Build peak hour.  Both the 
northbound frontage road and westbound mainlanes operated at LOS F for the overall 
approach. 
 
All of the eight stop-controlled intersections decreased in operational performance to LOS F.  
The innermost lane along Memorial Drive is a shared left-through movement along most of the 
corridor.  Left-turning vehicles that were unable to turn left due to conflicting through 
movements resulted in delays and unacceptable LOS at each of these intersections. 

 
4.8.5 2030 P.M Peak – Build Condition 

There was no traffic operational performance improvements at the intersection pf Memorial 
Drive and Beltway 8 frontage roads because no changes were made to the Sam Houston 
Tollway overpass.  All approaches except westbound along Memorial Drive are expected to 
perform at LOS E or less in the 2030 P.M. peak hour Build condition. 
 
Signal timing was optimized at all signalized intersections, resulting in acceptable operational 
performance at the intersection of Memorial Drive and West Bough Lane.  This signalized 
intersection is expected to experience 46.7 seconds of control delay and operate at LOS D in 
the 2030 P.M. Build condition, assuming optimal signal timing. 
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Due to the projected volumes, Synchro 9.0 results show that the traffic operational 
performance at nearly every stop-controlled intersection exceeds the City’s acceptable LOS 
criteria.  However, the Synchro 9.0 software does not consider the benefits associated with 
enhanced access management and safety improvements, such as adding new medians.  Left-
turn movements will be free to turn left from Memorial Drive onto minor streets without 
inhibiting through traffic as a result of the newly installed storage bays. This significantly 
reduces the number of potential conflict points, thus decreasing the likelihood of crashes 
when turning left across Memorial Drive. 
 
Huntingwick Drive was not provided median access to make left turns onto Memorial Drive 
due to insufficient storage space.  Instead, drivers were required to turn right and make a U-
turn further downstream in place of the left-turn movement.  LOS improved from LOS F to 
LOS C at Huntingwick Drive but remained the same as in the 2030 No Build scenario for the 
remaining seven unsignalized intersections, suggesting the improvements were successful at 
this location.
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Table 4.7:  Summary of MOEs during P.M. Peak Hour by Alternative 
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Memorial Drive 
@ 

Beltway 8 
(Southbound) 

EB 54.8 D 

71.4 E 

63.4 E 

83.3 F 

59.2 E 

82.3 F 

77.2 E 

106.7 F 

79.0 E 

108.8 F 
WB 68.2 E 68.3 E 68.8 E 83.6 F 83.7 F 

NB --- --- --- --- --- --- --- --- --- --- 

SB 81.2 F 102.9 F 102.7 F 138.5 F 141.9 F 

Memorial Drive 
@ 

Beltway 8 
(Northbound) 

EB 35.5 D 

79.4 E 

34.5 C 

90.3 F 

34.3 C 

91.0 F 

43.4 D 

107.8 F 

48.8 D 

113.8 F 
WB 101.8 F 137.4 F 139.5 F 183.1 F 192.8 F 

NB 82.4 F 82.1 F 82.2 F 85.5 F 89.3 F 

SB --- --- --- --- --- --- --- --- --- --- 

Memorial Drive 
@ 

Broken Bough Drive 

EB 15.0 B 

37.2 D 

13.5 B 

112.1 F 

16.3 B 

38.6 D 

23.2 C 

46.9 D 

23.2 C 

46.7 D 
WB 19.7 B 25.7 C 22.6 C 51.2 D 51.2 D 

NB 52.5 D 370.3 F 55.9 E 38.0 D 38.0 D 

SB 132.7 F 473.1 F 138.8 F 80.5 F 79.7 E 

Memorial Drive 
@ 

Old Oaks Drive 

EB --- --- 

5.1 F 

--- --- 

5.2 F 

--- --- 

4.3 F 

--- --- 

17.7 F 

--- --- 

13.0 F 
WB 127.6 F 196.6 F 110.1 F 447.1 F 340.1 F 

NB 0.0 --- 0.0 --- 0.0 --- 0.0 --- 0.0 --- 

SB 1.5 --- 1.7 --- 0.0 --- 2.3 --- 0.6 --- 

Memorial Drive 
@ 

Huntingwick Drive 

EB --- --- 

1.0 D 

--- --- 

1.3 E 

--- --- 

0.3 C 

--- --- 

2.3 F 

--- --- 

0.3 C 
WB 31.8 D 46.4 E 15.4 C 92.8 F 17.4 C 

NB 0.0 --- 0.0 --- 0.0 --- 0.0 --- 0.0 --- 

SB 1.0 --- 1.2 --- 0.0 --- 1.9 --- 0.0 --- 

Memorial Drive 
@ 

Boheme Drive 

EB 75.8 F 

8.6 F 

143.2 F 

12.8 F 

359.3 F 

24.4 F 

440.9 F 

32.8 F 

1079.6 F 

71.6 F 
WB --- --- --- --- --- --- --- --- --- --- 

NB 5.4 --- 5.7 --- 2.0 --- 6.7 --- 2.4 --- 

SB 0.0 --- 0.0 --- 3.0 --- 0.0 --- 0.0 --- 

Memorial Drive 
@ 

Memorial Bend 

NE --- --- 

0.6 D 

--- --- 

0.9 F 

--- --- 

0.5 F 

--- --- 

1.9 F 

--- --- 

0.9 F 
SE 1.0 --- 1.3 --- 0.4 --- 2.4 --- 0.4 --- 

NW 0.0 --- 0.0 --- 0.0 --- 0.0 --- 0.0 --- 

SW 34.2 D 55.9 F 52.8 F 124.7 F 98.7 F 
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  Table 4.7:  Summary of MOEs during P.M. Peak Hour by Alternative (continued) 
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Memorial Drive 
@ 

Hollow Drive 

EB 0.6 --- 

0.7 E 

1.1 --- 

6.7 F 

0.2 --- 

1.5 F 

1.5 --- 

4.8 F 

0.3 --- 

3.8 F 
WB 0.0 --- 0.0 --- 0.0 --- 0.0 --- 0.0 --- 

NB --- --- --- --- --- --- --- --- --- --- 

SB 46.5 E 148.8 F 135.5 F 385.7 F 331.2 F 

Memorial Drive 
@ 

Somerset Place 

EB 0.0 --- 

1.0 D 

0.0 --- 

0.7 D 

0.0 --- 

1.1 E 

0.0 --- 

1.8 F 

0.0 --- 

2.1 F 
WB 0.6 --- 0.2 --- 0.3 --- 0.5 --- 0.5 --- 

NB 26.3 D 33.6 D 38.8 E 66.3 F 79.9 F 

SB --- --- --- --- --- --- --- --- --- --- 

Memorial Drive 
@ 

Legend Lane 

EB 0.0 --- 

0.9 E 

0.0 --- 

2.2 F 

0.0 --- 

0.6 E 

0.0 --- 

1.0 F 

0.0 --- 

1.0 F 
WB 0.8 --- 2.1 --- 0.1 --- 0.1 --- 0.1 --- 

NB 38.8 E 81.6 F 48.0 E 75.2 F 77.9 F 

SB --- --- --- --- --- --- --- --- --- --- 

Memorial Drive 
@ 

Tallowood Road 

EB 3.1 --- 

3.7 F 

4.1 --- 

8.8 F 

1.3 --- 

4.9 F 

7.2 --- 

5.1 F 

1.6 --- 

15.6 F 
WB 0.0 --- 0.0 --- 0.0 --- 0.0 --- 0.0 --- 

NB --- --- --- --- --- --- --- --- --- --- 

SB 60.9 F 182.9 F 111.5 F 61.3 F 375.4 F 
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4.9 Conclusion and Recommendations 

Recommendations are based on the traffic operations analysis of existing and future conditions, as 
well as industry accepted access management practices.  After analyzing the existing and future 
conditions, it was determined that the improvements identified in the year 2030 Build condition 
improves traffic flow and safety along Memorial Drive.  The Build condition also improves the 
Approach and Intersection Delays more than the No Build condition. Furthermore, adding storage 
bays in the 24-foot wide medians increases safety along the corridor and improves the flow of 
through traffic on Memorial Drive. 
 
It was also recommended that the traffic signals at Beltway 8 northbound and southbound frontage 
roads and the Broken Bough Drive/West Bough Lane be replaced to meet current City criteria. The 
proposed signal improvements include new traffic signal poles and heads, ADA-compliant 
pedestrian wheel chair ramps, pedestrian push buttons and heads, and new controllers, with new 
conduit and wiring . Once the proposed traffic signal improvements are installed at the Broken 
Bough Drive/West Bough Lane intersection, it is recommended to be re-timed to improve cross 
street delays.  Due to capacity restraints, signal optimization to improve the LOS at both Beltway 8 
frontage roads is not possible. Proposed traffic signal layout improvements and an itemized list of 
costs associated with proposed signal design for these intersections are located in Appendix D. 
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5.0 Drainage Analysis and Recommendations 
 

5.1 Background 

The primary drainage goal of the project is to improve the Memorial Drive conveyance system to 

meet City criteria.  There are additional goals of maximizing benefit to the adjacent community and 

to reduce overland flows to neighboring areas.  Finally, improvements to Memorial Drive are 

recommended to be designed such as to accommodate future regional solutions to the challenging 

stormwater problems within the W151 and W153 watersheds.  To accomplish these goals, the 

installation of large reinforced concrete boxes was evaluated. 

5.2 Scope 

The purpose of the drainage portion of the PER is to identify the performance of the existing drainage 

infrastructure and document the system deficiencies, develop improvement alternatives to address the 

existing deficiencies and to accommodate the proposed roadway improvements, and address drainage 

impacts associated with the proposed improvements. 

A summary of the tasks identified in the drainage scope of the PER are listed below and are described 

in more detail in later parts of this chapter: 

 Analyze Overland Flow Patterns  

 Prepare and Evaluate Existing Drainage Area Maps  

 Existing Conditions Analysis   

 Drainage Impact  Analysis  

 Proposed System Analysis  

 Improvement Option Cost Estimates   

 Proposed Conditions Storm Sewer Drainage Area Map Sheets  

 30% Plan and Profile Drawing Support – Drainage  

 

 

5.3 Design Criteria 

The design criteria for this project is based on City of Houston (City) standards which can be found in 

the City’s Infrastructure Design Manual, dated July 2015. Storm Sewer design criteria can be found in 

Section 9.05 C of this manual. 

In accordance with City design standards, the first objective in the analysis of storm drainage along 

Memorial Drive is to evaluate the existing drainage system to identify, understand, and document 

existing drainage problems. After existing conditions are understood, improvement options can be 

designed that address the system deficiencies and meet the City design requirements. While 

requirements for final design submittals are extensive and include items such as velocity and inlet 

ponding width, two primary requirements are considered key when evaluating systems for preliminary 

engineering.  For the 2-year event, the WSEL or HGL must be below the inlet gutter line elevation.  For 

the extreme event or 100-year event, runoff must be conveyed through the storm sewer system and 

through overland sheet flow to a designated outfall location, and WSELs are to be maintained below 

the ROW line.  The following criteria were used to evaluate Roadway cross-sections and then calculate 

the flow conveyed by the existing and proposed conditions: 

 Streets shall be designed so that consecutive high points in the street will provide for a gravity 

flow of drainage to the ultimate outlet. 

 The maximum depth of ponding at high points shall be 6” above top of curb. 

 The maximum depth of ponding at low points shall be 18” above top of curb. 

 The maximum ponding elevation for the 100-year event at any point along the street shall not 

be higher than the natural ground elevation at the right-of-way line, which may supersede the 

ponding depth criteria above. 

Finally, an optimum detention solution was evaluated to determine maximum constructible storage 

volume within the proposed ROW, considering constructability and utility constraints.  The cost of the 

optimal solution will be assessed and a recommendation will be made. Development of this alternative 

is consistent with the established TIRZ 17 mission statement that puts a priority on addressing drainage 

issues.   
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5.4 Existing Conditions Analysis 

5.4.1 Analysis Extents 

For drainage analysis and description purposes the drainage study area (Memorial Drive 

between Beltway 8 and Tallowood Road) is herein described as the “Memorial Drive System”. 

The Memorial Drive System is primarily part of the W153-00-00 watershed and is generally 

drained by storm sewers and road side ditches extending along the project alignment draining 

to W153-00-00. However, the western limits of the project from West Bough Lane to Beltway 

8 do not drain to W153-00-00 but rather drain to the Beltway 8 storm sewer trunkline before 

continuing downstream to Buffalo Bayou.  

The project area was documented as having significant drainage deficiencies in the TIRZ 17 

Regional Drainage Study (RDS) with reported flooding during the April 2009 and the more 

recent May 2015 rain events. 

The analysis was done in two phases and for different purposes.  The primary PER analysis 

discussed in this report is based on the RDS Update Infoworks Integrated Catchment Model 

(ICM).  This model was used to gain insight into the overland flow issues and obtain a 

preliminary quantification of the impacts of the proposed roadway and drainage improvements.  

A secondary HouStorm analysis was developed in order to more accurately evaluate the inlets 

and smaller conveyance storm sewers per City criteria.  The analysis extent can be seen in 

Appendix C: Exhibit 3.1 – Project/Analysis Extent and encompasses a sub-area of the original 

RDS update model extent.  It contains the Memorial Drive System and the potentially impacted 

areas north and south of Memorial Drive and upstream and downstream of the W153 crossing.  

Results from the HouStorm analysis are presented in this report in subsequent sections.   

5.4.2 Model Schematic 

The existing model network was developed using City GIMS data and record drawings 

supplemented by survey within the project corridor, LiDAR, and information derived from field 

visits.  The primary data source within the project corridor was from survey and available record 

drawings 

 

 

5.4.3 Tailwater/Boundary Conditions 

As described previously, the western limit of the Memorial Drive System west of West Bough 

Lane drains to the Beltway 8 storm sewer trunkline which in turn drains to Buffalo Bayou.  The 

eastern limit of the system outfalls to the W153 system via a 48” storm sewer on the south side 

of Memorial.  The 48” line connects to an existing 9’x9’ W153 cross culvert.  The roadside 

ditch flow on the north side of Memorial is conveyed by a second 48” storm sewer; however, 

the connectivity of this line could not be verified by the surveyor or during a subsequent field 

visit by the engineer.  For the purpose of the PER it has been assumed that the 48” line is 

connected to the 48” line on the south side.  This assumption is supported by the lack of an 

additional connection to the existing 9’x9’ W153 crossing. As the RDS Update model is an 

integrated catchment model that covers the entire TIRZ 17 analysis extent, the tailwaters for the 

Memorial Drive System are essentially the backwater calculations from the ultimate RDS Update 

model boundary’s from Buffalo Bayou.  The boundary conditions are time varying WSEL’s based 

on the effective HEC-RAS and HEC-HMS models.  The 2-year and 100-year hydrographs for 

each location were extracted from the HEC-HMS model and the 2-year and 100-year WSEL’s 

developed using rating curves extracted from the W100-00-00 HEC-RAS model for the 

appropriate outfall location.  As the Beltway 8 storm sewer is a 1D element, the levels are 

applied to the 1D outfall nodes, however, W153 is modeled in the 2D surface therefore the 

tailwater from W100 is modeled using a 2D Boundary Water Level Line.  (see Table 5.1: 

Memorial Drive System Boundary Condition Elevations)  For the rest of the 2D surface 

boundary condition, a free flow normal depth is assumed around the perimeter of the 2D 

analysis extent. 

Table 5.1: Memorial Drive System Boundary Condition Elevations 

 

 

Location 2 year 100 year

Beltway‐8 Outfall 55.51 67.45

W153 Outfall 54.47 66.40

Peak WSEL
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5.4.4 Hydrology 

The hydrology methodology is unchanged from the original TIRZ 17 RDS and the subsequent 

update. A detailed description of the hydrologic methodology is contained in the TIRZ 17 RDS 

and RDS Update reports and is summarized below. 

5.4.4.1 Rainfall 

Rainfall totals for Region 2 as detailed by the Tropical Storm Alison Recovery Project 

(TSARP) white papers were used for all synthetic storm events. 

5.4.4.2 Infiltration and losses 

Total subcatchment runoff volume was determined using initial abstractions for 

impervious surfaces and Green & Ampt infiltration for pervious surfaces. The Green & 

Ampt parameters were set to the Buffalo Bayou values as recommended in the TSARP 

white paper. 

5.4.4.3 Drainage Areas 

Drainage area boundaries were delineated utilizing 2008 LiDAR data in combination 

with field visit verification.  Drainage area size varies throughout the model. Drainage 

areas for inlet level analysis within public ROW in the primary study area are generally 

less than one acre in size and represent the area contributing to individual inlets.  The 

slope for each drainage area was calculated using GIS tools and the 2008 LiDAR data.  

Additionally, a drainage width parameter for each drainage area was assigned based on 

its physical dimensions.  During the HouStorm analysis, these drainage areas were 

broken down further to determine runoff at the inlet level.  The overall drainage areas 

and the inlet level assignments can be seen in the accompanying plan set within the 

appendices. 

5.4.4.4 Impervious Cover 

In the original RDS and RDS update model, percent impervious values were calculated 

for each drainage area based on aerial imagery and land use data available from the 

Harris County Appraisal District (HCAD) and HCFCD.  Aerials dated 2014 were checked 

and it was determined that no notable increases in impervious cover have occurred.  

Consequently the RDS values were used “as-is”. 

 

5.4.5 Hydraulics 

Infoworks ICM uses a combined 1-Dimensional and 2-Dimensional hydrodynamic (1D/2D) 

analysis to evaluate both the sub-surface storm sewer capacity and the overland sheet flow and 

ponding. As the HGLs derived using this software account for both sub-surface and surface 

hydraulics, and account for the sub-surface and surface storage, it is considered a better estimate 

of water surface elevations during a frequency storm event within the study area relative to those 

derived from the City’s HouStorm software which is based on the rational method. 

5.4.6 Analysis Results 

5.4.6.1 2-Year Event 

The model of existing conditions shows that the storm sewer system west of West Bough 

is surcharged throughout its length.  The HGL of the storm sewer does not get above 

inlet/EOP (Edge of Pavement) elevations within the Memorial Drive ROW, however, the 

lateral systems on West Bough and in commercial areas north of Memorial cannot drain 

effectively causing overland flow to enter the ROW.  The 2-year WSEL of the roadside 

ditches of Memorial between Old Oaks Drive and Huntingwick Drive gets above the 

EOP elevation, violating the minimum City criteria.  This problem is exacerbated by the 

high point on Memorial at Boheme Drive which causes the water to pond and then 

overflow beyond the roadway ROW to the west.  There is more ponding between Rip 

Van Winkle Drive and W153.  (see Appendix C: Exhibit 3.2. - Existing System Results 

2yr). It can be surmised that the existing system does not meet the City of Houston 2-

year capacity criteria. 

The combined surface and sub-surface existing 2-year peak discharge on the south side 

of Memorial is 200.5 cfs.  The combined surface and sub-surface existing 2-year peak 

discharge from Memorial Drive to the Beltway-8 system is 60.9 cfs. (see Table 3.6: 

Memorial Drive Outfall Discharges).  The figures in this table will be referenced in 

future sections of this report to ensure existing conditions flows are maintained for the 

proposed conditions.  
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5.4.6.2 100-Year Event 

The model of existing conditions shows that the storm sewer system west of West Bough 

is surcharged throughout its length with the HGL above inlet/EOP elevation near the 

intersection with West Bough.  The lateral systems on West Bough and in commercial 

area on the north cannot drain effectively resulting in ponding and overland flow which 

enters the Memorial Drive ROW.  Due to the fact that Memorial generally slopes away 

from the Beltway to W153, the excess flow in the system west of West Bough flows in a 

southeasterly direction towards W153.  The 100-year WSEL gets above inlet/EOP 

elevation for the entire length of Memorial Drive between West Bough and W153 leaving 

the ROW at several locations.  This flooding is partially due to the limited capacity of 

the Memorial Drive drainage infrastructure and partially due to overflow from W153 

itself.  Early in the event the roadside ditches and associated storm sewers and culverts 

become surcharged and overtop the EOP causing overland flow to leave the ROW into 

Huntingwick Drive and Rip Van Winkle Drive.  Due to the high point on Memorial at 

Boheme Drive the water ponds and then overflows beyond the ROW to the west.  Flow 

is also conveyed beyond the ROW near the Memorial Drive Townhouses and back to 

Memorial Drive near the Prosperity Bank property.  At the peak of the 100-year event, 

W153 becomes overwhelmed and overland flow enters the Memorial Drive ROW from 

W153 via the adjacent properties.  This is exacerbated by the lack of capacity of the 

roadway drainage infrastructure to convey the 100-year event and of a clear overland 

flow path. (see Appendix C: Exhibit 3.4 - Existing System Results 100yr). It can be 

surmised that the existing system does not meet the City of Houston 100-year capacity 

criteria. 

The combined surface and sub-surface existing 100-year peak discharge on the south 

side of Memorial is 1078.2 cfs.  The combined surface and sub-surface existing 100-year 

peak discharge from Memorial Drive to the Beltway-8 system is 71.6 cfs. (see Table 3.6: 

Memorial Drive Outfall Discharges). 

5.4.7 Existing System Assessment 

In terms of drainage, Memorial Drive needs to be assessed from two separate but complimentary 

standpoints.  Firstly, the lateral drainage systems (storm sewer and roadside ditches) need to 

have adequate capacity and meet City of Houston criteria if possible.  Secondly, the roadway 

crossing at W153 should meet HCFCD criteria if possible.   

The existing lateral drainage infrastructure does not meet the current City 2-year design criteria 

in that the 2-year hydraulic grade line is in excess of the gutter/EOP elevations in several 

locations throughout the system.  Additionally, the existing system does not meet the 100-year 

criteria; the 100-year flow leaves the road ROW throughout the system and does not have a 

well-defined overland flow path for flows in excess of the design capacity. 

The crossing at W153 is defined by HCFCD as a non-flood control feature and does not meet 

the criteria for either Culverts or Channel Enclosures in that it does not have capacity to convey 

the 1% exceedance probability storm without overtopping the roadway.  Roadway overtopping 

at this crossing was documented during the April 2009 and May 2015 event. 

The causes of these drainage problems cannot exclusively be attributed to the roadway drainage 

infrastructure itself, as the roadside ditches and the associated culverts and stretches of storm 

sewer are not grossly undersized.  Rather, any of the individual drainage problems on or 

proximate to Memorial Drive can be attributed to one or more of the following issues: 

 Memorial Drive Vertical Profile:  Memorial Drive east of the Beltway has been in its 

current horizontal alignment since the 1950’s.  The roadway is generally built up above 

natural ground from the Beltway to Old Oaks Drive where it starts to cut below the 

natural ground.  The crossing at W153 is not perched but is generally flat as with the 

approaches on-grade with the surrounding topography.  There is a notable highpoint at 

Boheme Drive which forms in a “bowl” in the area to the north near Old Oaks Drive 

and Huntingwick Drive (see Figure 3.2: Memorial Drive Approximate Existing Roadway 

Profile).  The current vertical profile does not promote cascading flow to the outfall. 
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Figure 5.1: Memorial Drive Approximate Existing Roadway Profile 

 

 Overland Flow Path for 100-year:  The original open channel alignment of W153 south 

of Memorial Drive generally follows the current horizontal alignment of Somerset Place.  

The natural overland flow path of W153 has therefore been “filled-in” and consequently 

no longer has a clear path to follow when it becomes inundated.  Flow from W153 

which overtops Memorial Drive during the extreme event when the capacity of the 9’x9’ 

crossing is exceeded is primarily split between Somerset Place and Legend Lane. 

 W153 Crossing at Memorial:  W153 is currently enclosed within a 9’x9’ RCB storm 

sewer for a distance of approximately 1000ft and outfalls back to an open channel just 

east of the tennis courts on Somerset Place.  The culverts do not have adequate capacity 

to convey the 100-year event.  This constriction exacerbates any capacity issues of the 

open channel section upstream due to the resulting backwater effect. 

 Undersized Drainage Infrastructure on Memorial Drive:  The analysis demonstrates that 

the roadside ditches and storm sewers do not have 100-year capacity.  Site visits and 

communication with the City indicates that many of the culverts within the roadside 

ditches have become partially obstructed therefore the capacity problems could be worse 

than demonstrated by the analysis. 

5.5 Potential Drainage Impacts 

A number of potential impacts were investigated as part of the Memorial Drainage System analysis.  

These include: 

 Increased Impervious Cover – In road improvement projects pervious areas can be replaced by 

impervious areas causing the volume of runoff to be increased.  The proposed Memorial Drive 

is wider than existing in terms of the distance from curb to curb and includes wider sidewalks 

and mixed use paths.  The potential for impact in terms of an increase in impervious cover was 

analyzed.  The net change in impervious cover is an increase of 0.2 acres. (see Appendix C: 

Exhibit 3.5 - Impervious Cover (Existing vs Proposed)).  The proposed 2-10’x10’ storm sewer 

trunkline is considerably oversized in terms of the roadway drainage in order to allow potential 

drainage improvements to areas outside of the project limits.  Consequently there will be more 

than enough additional storage in order to maintain existing discharge rates. 

 Impacts to W153:  W153 and the associated 9’x9’ culvert under Memorial Drive serves as an 

outfall for the Memorial Drive drainage system east of West Bough.  Any improvements to the 

conveyance downstream of Memorial have the potential to impact the already overburdened 

W153 if adequate mitigation is not provided.  The proposed drainage system maintains or 

reduces the existing flow leaving the project limits.  This will be accomplished with restrictors 

to the 9’x9’ box that limit the proposed discharge to the existing conditions.   

 Impacts to Beltway-8 Frontage Road:  The storm sewer system under the Beltway-8 Frontage 

Road serves as an outfall for Memorial Drive drainage west of West Bough.  Any improvements 

to the conveyance have the potential to impact the TxDOT system if adequate mitigation is not 

provided.  The proposed drainage system maintains or reduces the existing flow leaving the 

project limits including the outfall to Beltway-8. 

 Changes in overland flow:  Changes to the vertical profile of the proposed Memorial Drive may 

result in changes to any associated overland flow paths.  These overland flows may impact 

surface drainage or be intercepted by sub-surface systems that were not impacted before.  Of 
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specific concern are the areas upstream and downstream of the W153 crossing at Memorial.  

As discussed previously, Memorial Drive is overtopped by channel flows not contained by 

W153 upstream of Memorial or conveyed by the enclosed W153 under Memorial.  With this 

in mind it was proposed that the proposed vertical alignment be maintained at existing as much 

as is possible given other geometric design constraints.   

5.6 Proposed System Design 

Three primary drivers were considered in the development of the proposed design.  Firstly, it should 

meet or exceed, as best as is possible, the basic roadway drainage design criteria for the City of 

Houston.  Secondly, there was a directive by TIRZ 17 to explore the possibility of efficiently and 

responsibly maximizing stormwater detention within the project limits.  This was with a view to 

improving overall drainage conditions for property adjacent to Memorial Drive. Thirdly, the proposed 

system should be designed in such a way as to work with a future regional detention improvement.   

In order to develop the design, the first undertaking was to determine how much volume can be placed 

within the limits of the proposed roadway ROW.  The two main constraints in this regard (ignoring 

cost) are the available vertical depth and horizontal width.  The available depth is a function of: the 

receiving infrastructures flowline elevation; the proposed vertical alignment of the roadway; any 

conflicting infrastructure; and the required cover depth for the proposed storm sewer.  The available 

width is a function of: the available ROW; any conflicting infrastructure; constructability issues; and 

future maintenance access.  It was determined; given all of these factors, that 2–10’x10’ RCB’s were 

the largest practical sub-surface storm sewers that could be used. 

Given that there is excess hydraulic capacity being placed in the proposed drainage system for storage 

purposes, the proposed 2-year hydraulic design is measured by the ability of each of the storm sewer 

system elements being able to handle the local runoff while meeting ponding width and depth 

requirements.  This storm inlet and pipeline analysis was done using HouStorm to size the connecting 

elements. 

The only other consideration for the proposed design is the extreme event.  It is not entirely clear as to 

what criteria should be used at the crossing as there are many issues to consider: 

 Firstly, when considered as a crossing, the HCFCD criteria for Culverts or Channel Enclosures 

would seem to apply.  This would require that the crossing should have capacity to convey 

the 1% exceedance probability storm.  The enclosed W153 extends for 1,000 ft beyond the 

limits of the roadway construction therefore there is no way to improve the conveyance 

downstream within the limits of the project itself.  Extending the improvements beyond the 

ROW is considered in this report.   

 Per the roadway drainage criteria, the maximum ponding and overland flow paths for extreme 

events are applicable.  W153 is not a FEMA studied or mapped stream, therefore it is not 

technically a special flood hazard area.  The City criteria therefore states that the maximum 

ponding depth for the 100-year event must be less than 6” at high points in the roadway and 

18” at low points.  Additionally the ponding elevation must be less than the natural ground 

elevation at the ROW.  As discussed previously, the existing W153 stream flows overtop 

Memorial Drive therefore in order to meet the City ponding criteria the roadway elevation 

would need to be increased.  An estimate was made of the proposed roadway elevation 

required in order to meet the ponding criteria at the W153 crossing.  The existing 100-year 

WSEL is approximately 68.5’ therefore the proposed roadway elevation must be 6” below at 

approximately 68’.  This would necessitate raising the roadway vertical profile almost a foot 

which would potentially have a damming effect and increase WSEL’s on the upstream side of 

the W153 crossing.  Raising the profile of memorial at W153 results in multiple geometric and 

safety challenges that make this alternative not feasible.   

In considering either or both of these criteria one must also consider the effect any design decisions 

have upon the hydraulic impacts to the receiving systems either in terms of increased flows downstream 

or increased WSEL’s upstream.  It is certainly possible to add increased capacity to the enclosed portion 

of W153 either by adding a parallel barrel down Somerset Place or perhaps creating a new conveyance 

route down Legend Lane to the east.  Both would potentially result in increased flow in W153 

downstream of Summerset Place.  

Considering all of the potential design constraints, five drainage improvement options were developed: 

6. Option 1 (Memorial Drive Improvements Only): Maintain the existing roadway elevation and 

the existing single 9’x9’ RCB of the enclosed W153.  Improve roadway drainage and attempt to 

pick up as much off-site drainage as possible.  Detain increased runoff in the 2-10x10 RCB’s 
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using restrictors and allow the relief realized at the enclosed W153 to improve the open section 

upstream. 

7. Option 2 (Add 9’x9’ RCB): Similar to Option 1 but attempt to meet roadway ponding depth 

criteria by upsizing the enclosed W153 to reduce upstream WSEL’s. 

8. Option 3 (Raise Roadway Profile): Similar to Option 2 but  increase the Memorial Drive 

roadway elevation to meet roadway ponding depth criteria and maintain the existing W153 

WSEL by conveying the flow that used to overtop Memorial by upsizing the enclosed W153. 

9. Option 4 (Regional Detention): Explore the possibility of adding sub-regional detention south 

of IH-10 that can reduce the peak flow in W153 and therefore reduce the depth of the flow 

overtopping Memorial. 

10. Option 5 (Regional Detention Add 9’x9’ RCB): Similar to Option 4 but include additional 

conveyance under Memorial. 

Note that all of these options assume the basic 2–10’x10’ RCB’s are utilized as the largest practical 

sub-surface storm sewers that can be provided.   

5.7 Proposed Conditions Analysis 

All of the proposed options were modeled by updating the existing conditions Infoworks ICM model.  

This 2D model was used for preliminary design and for estimation of impacts only.  Further refinement 

of the design is anticipated after the technical review committee (TRC) meeting.  Subsequently, the 

detailed design elements of the HouStorm analysis will be incorporated into the 2D model for a detailed 

impact and mitigation analysis that will finalize outfall sizes and be incorporated into an impact study 

that will be prepared for HCFCD and TxDOT review and approval. 

5.7.1 Hydrology 

The existing conditions model was used as the basis for the proposed conditions model.  The 

methods used to develop the hydrologic parameters for the proposed model are outlined below: 

5.7.1.1 Drainage Areas 

The drainage area delineations from the existing system were maintained for use in the proposed 

model. 

5.7.1.2 Impervious Cover 

An analysis was done to determine how the proposed roadway affects the impervious cover 

within the project limits.  The existing roadway, sidewalks and driveways constitute 7.9 acres 

of the 11.2 acres of the existing ROW resulting in a percent impervious of 71%.  The proposed 

roadway, sidewalks and driveways constitute 8.1 acres of the same area thereby resulting in a 

proposed percent impervious of 72%.  (see Appendix C: Exhibit 3.5 - Impervious Cover)  Such 

a small increase in impervious cover will have a negligible increase in runoff volume and 

therefore wasn’t considered in the 2D preliminary analysis model. 

5.7.2 Hydraulics 

As discussed previously, the five options were modeled in the Infoworks ICM model in order to 

determine feasibility and to allow the selection of a recommended option.  The following 

discusses the general findings of each model, however, a detailed discussion of the results is 

provided for the recommended option only. 

5.7.2.1 Option 1 (Memorial Drive Improvements Only) 

Option 1 is designed to maximize the benefit of the drainage improvements while 

eliminating impacts to W153 and the adjacent properties.  As discussed previously 2-

10’x10’ RCB’s are the largest conduits that can practically be placed within the proposed 

ROW.  Restrictors were placed at strategic locations throughout the length of Memorial 

in order to maintain the HGL as high as possible for as long as possible so as to maximize 

the effective storage.  Restrictors at the outfalls to the W153 and Beltway-8 systems were 

optimized to ensure the proposed outfall discharges remain at the existing flow rates.  

The storm sewer infrastructure proposed for Option 1 (see Appendix C: Exhibit 3.5. - 

Recommended System Schematic) includes the following:  

1. Memorial Dr from Beltway 8 to West Bough Ln: 1285LF of 1-10'x10' RCB 

2. Underneath West Bough Ln: 100 LF 48” RCP 

3. Memorial Dr from West Bough Ln to Boheme: 543LF of 2-10'x10' RCB, Siphon: 

122LF of 4-24” RCP 

4. Memorial Dr from Boheme to W153-00-00: 1349LF of 2-10'x10' RCB 

5. Memorial Dr from W153-00-00 to Tallowood: 480.5LF of 2-10'x10' RCB 
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6. 3 Large Junction Boxes. 

7. 32 Type B-B, 2 Type AZ2G and 1 Type C inlets to capture the runoff and 

associated 24” leaders to convey flows to the trunkline. 

8. Approximately 4 ditch tie-in pipes to accept runoff from roadside ditches. 

5.7.2.2 Option 2 (Add 9’x9’ RCB) 

This option builds on the drainage improvements of Option 1 in order to attempt to meet 

City criteria for the 100-year by reducing the W153 WSEL upstream of Memorial Drive.  

This is done by adding additional conveyance to the enclosed potion of W153.  There 

is a limitation on how much open area can be constructed at the headwall on north side 

of Memorial Drive at W153.  This is due to the combined limitation of the existing ROW 

and the conflicting sanitary sewer.  Analysis of the available headwall open area led to 

the conclusion that the conveyance could be doubled.  The capacity of the enclosed 

W153 was therefore increased by adding an additional 9’x9’ RCB barrel parallel to the 

existing one.  While this did reduce the upstream WSEL, there was an increase in the 

flow where the W153 enclosure outfalls to the W153 open channel.  Attempts were 

made to restrict the outfall of the Memorial Drive system to mitigate these increased 

flows.  The model demonstrated that there is not enough storage capacity in the Memorial 

Drive improvements to offset the increase in flows.  The depth of flow across Memorial 

was reduced from 1.68’ to 1.61’, deeper than the allowed 6”. 

5.7.2.3 Option 3 (Raise Roadway Profile) 

This option builds on Option 2 and is intended to meet City criteria for the 100-year by 

increasing the elevation of Memorial Drive until the ponding depths are within criteria 

guidelines.  Increasing the roadway elevation will have the effect of damming the current 

overland flow path across Memorial Drive which is why it was implemented with the 

increased W153 conveyance of Option 2.  A proposed 2D hydraulic surface model was 

developed by updating the existing surface with a proposed increased vertical alignment 

which was developed based on an approximate roadway crossing elevation of 68’.  The 

model output (Figure 3.3: Impact of Increase in Roadway Profile) shows that the increase 

in the roadway elevation leads to a significant increase in the ponding (blue) upstream 

of Memorial Drive compared to the existing extents (red). 

Figure 5.2: Impact of Increase in Roadway Profile 

 

The additional capacity added to the enclosed portion of W153 is not sufficient to convey 

the flow originally conveyed across the top of Memorial.  This is in spite of the fact that 

the outfall from the Memorial Drainage system was restricted further in order to prevent 

flow impacts to W153.  All of this would suggest that additional subsurface capacity is 

required to prevent this increase in upstream flooding.  Unfortunately, due to space 

limitations on the upstream headwall for the Memorial/W153 crossing, adding additional 

capacity is not possible.  Moreover, even if it was possible, there is not enough excess 

storage capacity in the Memorial Drive drainage system to mitigate the increase in flow 

that would be realized downstream of W153. 

5.7.2.4 Option 4 (Regional Detention) 

Options 1–3 are not able to achieve the desired reduction in ponding depth across 

Memorial Drive at W153.  To further reduce the depth of ponding would take sub-

regional detention measures to reduce the flows at Memorial and W153.  Such detention 
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is being considered by TIRZ 17.   Option 4 incorporates the sub-regional detention 

solution currently being explored by TIRZ 17 to determine how the system operates with 

reduced flows at W153.  The analysis demonstrates a considerable reduction of between 

300 to 400 cfs in the W153 flows within the vicinity of Memorial Drive.  This flow 

reduction is accompanied by a WSEL reduction of approximately 0.25’ in the ponding 

overtopping Memorial.     

5.7.2.5 Option 5 (Regional Detention Add 9’x9’ RCB) 

Option 5 incorporates all of the improvements of option 4 but also includes additional 

conveyance within the enclosed portion of W153.  This was done in order to attempt to 

maximize the benefit from the regional solution with regard to the Memorial and W153 

crossing.  

The model output shows a considerable reduction of between 300 to 400 cfs in the 

W153 flows within the vicinity of Memorial Drive.  This flow reduction is accompanied 

by a WSEL reduction of approximately 0.25’ in the ponding overtopping Memorial.   

5.7.3 Alternative Comparitive Results 

The pros and cons of each of the options were discussed briefly in the previous sections.  

As none of the options solves all of the design goals or meets the desired criteria, the 

option that has the best comparative outcome should be recommended.  Comparative 

results were analyzed (see Table 5.2: Alternative Comparison Results) and a matrix of 

pros and cons developed (see Table 5.3: Alternative Comparison Results Matrix).  It 

can be seen that Options 1, 4 and 5 all have the best performance in that they meet the 

most of the comparative criteria (5 out of 7).  All of these options use the base design of 

Option 1 as Options 4 and 5 were used to determine if increasing the capacity of the 

enclosed portion of W153 is beneficial if a sub-regional detention system is 

implemented.  Doubling the capacity of the crossing does not give a significant increase 

in the conveyance downstream for the 100-year event.  Option 2 which includes adding 

additional capacity to the enclosed portion of W153 is next best option however it has 

impacts to W153 downstream.  Option 3 which includes raising the roadway profile is 

the least preferred option as it has impacts upstream and downstream of the Memorial 

crossing and is not constructible in terms of geometric design criteria within the current 

ROW.  The illogical scenario of resulting impacts both upstream and downstream is a 

result of additional flow obstruction upstream (unable to adequately increase sub-surface 

conveyance), and timing downstream. 

Given that there is not significant benefit in adding additional conveyance to W153, 

even with a sub-regional detention solution, and that without the sub-regional detention 

the additional 9’x9’ RCB causes impacts to W153 downstream, Option 1 is 

recommended.  The recommended improvements in Option 1 will be fully leveraged 

with the construction of a regional detention project. 

Table 5.2: Alternative Comparison Results 

 

 

 

 

 

Ex
Existing 

Conditions
932 932 1087 1133 68.82 68.67 68.42 66.41

1
Memorial Drive 
Improvements 

Only

921
(‐11)

865
(‐67)

1070
(‐18)

1136
(3)

68.72
(‐0.10)

68.57
(‐0.10)

68.31
(‐0.11)

66.42
(0.00)

2 Add 9’x9’ RCB
952
(21)

890
(‐42)

1186
(99)

1276
(143)

68.77
(‐0.06)

68.60
(‐0.07)

68.34
(‐0.08)

66.39
(‐0.02)

3
Raise Roadway 

Profile
573

(‐358)
243

(‐689)
764

(‐323)
985

(‐147)
70.30
(1.47)

66.98
(‐1.69)

66.61
(‐1.81)

66.43
(0.02)

4
Regional 
Detention

764
(‐167)

627
(‐305)

700
(‐387)

1061
(‐72)

68.55
(‐0.28)

68.40
(‐0.27)

68.40
(‐0.01)

66.42
(0.01)

5
Regional 

Detention Add 
9’x9’ RCB

800
(‐131)

732
(‐200)

593
(‐494)

1114
(‐18)

68.57
(‐0.26)

68.42
(‐0.25)

68.18
(‐0.24)

66.40
(‐0.02)

Option Description
W153 OFW153 N

Memorial 
Crown

W153 S W153 OF W153 N
Memorial 
Crown

W153 S

100‐yr Peak Flow (cfs) 100‐yr WSEL (ft)
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Table 5.3: Alternative Comparison Results Matrix 

 

 

5.7.4 Reccomended Drainage System – Option 1 - Analysis Results 

5.7.4.1 2-Year Event 

The model of the recommended option shows that the 2-year WSEL of the Memorial 

Drive storm sewer is well below the inlet elevation for the entire length of the proposed 

improvements therefore it meets the City of Houston 2-year capacity criteria. 

The flooding and overland flow in the 2D surface reflects the improvements to the 

drainage system (see Appendix C: Exhibit 3.7 - Proposed System Results 2yr).  It can 

be seen that there is no flooding within the limits of the proposed improvements.  A 

reduction in the existing flood depth and extents can be seen for a considerable distance 

outside these limits. 

The combined surface and sub-surface proposed 2-year peak discharge on the south side 

of Memorial is 188.3 cfs.  This is less than the existing peak discharge of 200.5 cfs 

therefore there is no negative impact to the W153 system.  The combined surface and 

sub-surface proposed 2-year peak discharge from Memorial Drive to the Beltway-8 

system is 45.8 cfs.  This is less than the existing peak discharge of 60.9 cfs therefore there 

is no negative impact to the Beltway 8 system.  (see Table 3.6: Memorial Drive Outfall 

Discharges). 

5.7.4.2 100-Year Event 

The model of the recommended option shows that the 100-year WSEL is generally at or 

below the top of curb elevation for the entire length of the proposed improvements to 

Memorial Drive.  Due to the incapacity of the open channel upstream of Memorial Drive 

and of the enclosed portion downstream, W153 backs up and overflows into and across 

the Memorial Drive ROW.  This overflow occurs significantly at the W153 crossing itself, 

and at Rip Van Winkle, Huntingwick and Old Oaks Drive. 

As the ponding depths exceed those stated, it does not meet the City of Houston 100-

year criteria.  The flooding and overland flow in the 2D surface does however reflect the 

improvements to the overall drainage system (see Exhibit 3.8: Proposed System Results 

100yr).  It can be seen that there is significant reduction of the extent and depth of 

flooding to properties and streets adjacent to the proposed improvements, especially at 

the upper end of Memorial Drive away from W153.  Other minor reductions can be seen 

around W153; however, complete removal of those areas from flooding will require 

interventions that are beyond the scope of this project. 

The combined surface and sub-surface proposed 100-year peak discharge on the south 

side of Memorial is 1066.2 cfs.  This is less than the existing peak discharge of 1078.2 

cfs therefore there is no negative impact to the W153 system.  The combined surface 

and sub-surface proposed 100-year peak discharge from Memorial Drive to the Beltway-

8 system is 63.8 cfs.  This is less than the existing peak discharge of 71.6 cfs therefore 

there is no negative impact to the Beltway 8 system.  (see Table 5.4: Memorial Drive 

Outfall Discharges and Appendix C: Exhibit 3.9. - No Adverse Impact. 
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Table 5.4: Memorial Drive Outfall Discharges 

 

5.7.5 Cost Estimate 

The estimated cost for the drainage elements of the recommended design is 

approximately $9.0 M.  This cost is driven by the significant length of the large 

underground storage boxes. 

5.8 Conclusion 

Five drainage options were considered in detail for the proposed Memorial roadway reconstruction, 

all of which attempted to optimize storage and improve the existing drainage problems.  Option 1 is 

recommended as it brings the roadway into compliance with City criteria, and will provide a 10-year 

level of protection with the exception of the noted areas influenced by W153 overtopping Memorial. 

Existing drainage flow patterns along Memorial Drive will not change. The Beltway 8 drainage system 

will not be re-routed and no additional water from the Beltway 8 system will be conveyed to W153. 

The project will match or lower flow rates to the receiving systems and will have no adverse impact 

up to and including the 100-year event 

The amount of total storage provided is approximately 12+ ac-ft.  This estimate will be refined during 

detailed design. 

   

Location Existing Proposed Difference Existing Proposed Difference

Beltway‐8 Outfall 60.9 45.8 ‐15.1 71.6 63.8 ‐7.7

W153 Outfall 200.5 188.3 ‐12.2 1078.2 1066.2 ‐12.0

2 year 100 year
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6.0 Public and Private Utilities Assesment and Recommendations 

6.1 Design Criteria 

The design criteria for the water lines along Memorial Drive are based upon the following: 

 City of Houston Department of Public Works and Engineering Infrastructure Design Manual, 

latest edition. 

 City of Houston Department of Public Works and Engineering Standard Construction Details for 

Wastewater Collections Systems, Water Lines, Storm Drainage and Street Paving, latest edition. 

 City of Houston Department of Public Works and Engineering Standard Construction 

Specifications for Wastewater Collections Systems, Water Lines, Storm Drainage and Street 

Paving, latest edition. 

 Input from City of Houston Waste Water department personnel 

6.2 Regulatory Agencies 

The design of the proposed water lines will comply with the Texas Commission on Environmental 

Quality criteria. In all cases where the water lines parallel or cross sanitary sewer lines, appropriate 

separation will be maintained, or required protection will be provided. . 

6.3 Recommended Public Utility Improvements 

Information on existing water and sanitary sewer lines within the project limits were obtained from 

survey data, record drawings, and the City of Houston Geographic Information & Management System 

(GIMS). See Appendix B for 30% Plan and Profile sheets for more information. 

6.3.1 Recommended Water Line Improvements 
 

There is one continuous waterline within the project limits that runs along the south side of 

Memorial Drive and seven waterlines that run perpendicular to Memorial Drive. The existing 

water line starts as a 12-inch diameter line at east of Beltway 8 Frontage Road, then increases and 

to a 16-inch diameter line approximately 80-feet east of the intersection. The 16-inch water line 

continues east along Memorial Drive for the extents of the project.  

 

12-Inch Water Line: 

The existing 12-inch asbestos concrete (AC) water line located within the project limits was placed 

in service in 1969, nearly 40 years ago. It is recommended that this existing water line be replaced 

due to the age and the existing pipe material. Also, the 12-inch water line is located between two 

16-inch water lines causing reductions in the flow (bottleneck). A new, parallel 16-inch water 

line will be installed, and all service connections transferred, before the existing 12-inch water 

line is abandoned in place. Trenchless construction methods are anticipated for the proposed 16-

inch water line.  See Appendix B for additional details on existing and proposed water lines.  

 

16-Inch Water Line: 

The existing 16-inch ductile iron water line located along the southern ROW of Memorial Drive 

was placed in service in 1995, nearly 20 years ago.  Per available record drawings, the 16-inch 

water line is ductile iron pipe with steel offsets. According to the City, there are currently no plans 

for upsizing or replacing the existing 16-inch ductile iron water line. Therefore, it is recommended 

that the 16-inch existing water line not be replaced. 

 

Water Line Crossings:  

There are seven waterlines that run perpendicular to Memorial Drive within the project limits, 

and are described below: 

1. 16-inch diameter cast iron water line: Placed in service in 1969, just over 45 years 

ago, crossing at Memorial Drive at Beltway 8 Frontage Road. 

2. 8-inch diameter steel water line: Placed in service in 1995. Crosses at Broken Bough 

Drive/W. Bough Lane. 

3. 12-inch diameter polyvinyl chloride water line: Placed in service in 2010 at Old Oaks 

Drive. 

4. 8-inch diameter polyvinyl chloride water line: Placed in service in 1995 at 

Huntingwick Drive. 

5. 8-inch diameter polyvinyl chloride water line: Placed in service in 1995 at Rip Van 

Winkle Drive 

6. 8-inch diameter steel water line: Placed in service in 1995 at Hollow Drive. 

7. 8-inch diameter polyvinyl chloride/steel water line: Placed in service in 1992 at 

Tallowood Road. 
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It is recommended for all crossings to be replaced due to the existing pipe material, depth of 

cover, conflicts with proposed improvements and to eliminate any future water line replacement 

projects impacts the future roadway. All proposed water line connections along perpendicular 

streets will be installed away from the intersections to eliminate any disruption when other city 

projects are proposed.  Trenchless construction methods are anticipated for the proposed water 

line crossings. 

 

A City Capital Improvements Project (CIP) Water line Replacement project, “Water Line 

Replacement in Memorial Bend and Briar Forest Area (WBS No. S-000035-0212-3)”, is proposed 

within the adjacent streets of the project limits with an anticipated CIP construction year of FY17.  

The project’s proposed small diameter water lines are proposed to connect to the existing 16-inch 

water line along Memorial Drive at Broken Bough Drive, Boheme Drive and Legend Lane.  

Coordination will be required during design to eliminate potential conflicts. If Memorial Drive is 

constructed first, stub-outs will be provided to eliminate any connections within the new 

pavement along Memorial Drive.   

 

The current fire hydrant spacing does not meet current City standards for commercial usage. 

Memorial Drive is a combination of retail, business, single and multi-family development. 

Furthermore, some of the existing fire hydrants will be impacted by the proposed roadway and/or 

sidewalks. It is recommended new fire hydrants be added to accommodate the proposed 

improvements as well as to comply with City’s fire hydrant spacing requirements. Whenever 

possible, the existing fire hydrants will be salvaged and re-installed to reduce overall costs. In 

addition to replacing water line crossings and adding fire hydrants, it is recommended that existing 

unmetered water lines or fire lines be metered. The proposed meters, 3-inches and larger, will 

need to be located inside an easement per current City Design Manual.     

 

 

 

6.3.2 Recommended Sanitary Sewer Improvements 

There are four separate sanitary sewer lines within the project limits that run parallel to Memorial 

Drive and ten sanitary sewer lines that run perpendicular to Memorial Drive. The City’s 

Wastewater Operations Department was contacted to request information, including CCTV, age, 

and condition of the line. The City provided the available data and 2014 CCTV footage. 

 

15-inch Sanitary Sewer: 

There is an existing 15-inch diameter gravity sanitary sewer made of polyethylene pipe within the 

project limits. This line was rehabilitated in 1999 and is located in back-lot sanitary sewer 

easements of properties south of the Memorial Drive right-of-way, between Beltway 8 Frontage 

Road and Boheme Drive. The number of service connections present throughout the line is 

unknown. It is recommended that the existing sanitary sewer line be not be replaced due to the 

age, existing pipe material and location of sanitary sewer line. 

 

12-Inch Sanitary Sewer: 

There is a 12-inch diameter gravity sanitary sewer that runs along the north/east ROW of Memorial 

Drive between 150 feet south of Old Oaks Drive and Boheme Drive. 290 feet is made of 

polyethylene pipe due to the rehabilitation in 1999; however the other 285 feet is made of 

unreinforced concrete (URC) pipe and was placed in service in 1960. Multiple service 

connections are present throughout the line. It is recommended that the only the 285 feet of 

unreinforced concrete section of the existing sanitary sewer line be replaced due to the age, pipe 

material and current condition of pipe.  CCTV footage of the URC pipe identified infiltration in at 

least two locations, lateral protruding along with infiltration in the annular space and deterioration 

of pipe. It is also recommended for both manholes between the URC pipes be rehabilitated or 

replaced. Both manholes were made of brick and also show signs of deterioration.  Based on the 

size, depth and location of the line), open cut method is the recommended method of 

replacement.  Refer to Appendix B for additional details.   

 

 

10-Inch Sanitary Sewer: 
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There is a 10-inch diameter gravity sanitary sewer that runs along the north/east ROW of Memorial 

Drive between Huntingwick Drive and Boheme Drive. This existing sanitary sewer line is parallel 

to the existing 12-inch sanitary sewer line. This sanitary sewer line is made of extra strength 

concrete and was placed in service in 1966, nearly 40 years ago. CCTV data was not available 

for this line and service connections are unknown due to the access manholes being buried under 

the existing roadway asphalt over lay. CCTV was performed in a manhole close to the downstream 

of the 10-inch sanitary sewer and it identified the line to be in service. It is recommended that 

this existing sanitary sewer line be replaced due to the age and the existing pipe material. It is 

also recommended to CCTV the line during detailed design, which may require an on-call 

contractor to locate, uncover and adjust the buried manholes. Based on the size, depth and 

location of the line, open cut methods is the recommended method of replacement. During 

detailed design, further CCTV investigation will be required and the existing 10-inch and the 12-

inch line (from Huntingwick to Boheme Drive), may be combined into one single sanitary sewer. 

Refer to Appendix B for additional details.   

48-innch Sanitary Sewer: 

There is a 48-inch diameter gravity sanitary sewer line that runs along the east and north right-of-

way of Memorial Drive between Boheme Drive and Tallowood Road. Half of the line is made of 

plastic-lined pipe and the other half is made of concrete. The entire line was placed in service in 

1997 and multiple service connections are present throughout the line. It is not recommended 

that this existing sanitary sewer line be replaced due to the age and the existing pipe material. 

However one of its manholes (WDP04052) is currently buried and should be exposed and 

adjusted during construction. 

 

Sanitary Sewer Crossings: 

There are ten sanitary sewer lines that cross perpendicular to Memorial Drive within the project 

limits, and are described below: 

 

1. 8-inch diameter extra strength pipe: Placed in service in the 1950’s 

2. 24-inch diameter concrete pipe: Placed in service in the 1968. 

3. 8-inch diameter unreinforced concrete pipe: Placed in service in 1969. 

Sanitary sewer lines 4 through 7 crossings are made of unreinforced concrete and other unknown 

materials, installed in the 1960’s.  

CCTV footage for three 8-inch diameter unreinforced concrete lines revealed irregularities in each 

of the lines. The CCTV footage of the 24-inch sanitary sewer identified deterioration of the pipe, 

and pipe gaskets were visible in several joints but infiltration did not appear on the CCTV footage. 

The entire 24-inch RCP was not able to be fully televised due to a 15-inch PVC pipe between the 

24-inch sanitary creating a reducer and blocking the flow.  It appears that repairs were performed 

on the 24-inch sanitary sewer.   

In addition, the existing sanitary sewer crossings will be in conflict with proposed storm sewer 

improvements. It is recommended that these existing gravity sanitary sewer lines be replaced due 

to their ages, varying from 30 to 60 years old, existing pipe material, and potential future conflicts. 

There are three sanitary sewer force mains within the project limits: 

1. 10-inch ductile iron force main: Installed in 1984. 

2. 6-inch ductile iron force main: Installed in 1984 

3. 6-inch cast iron force main: Installed in the 1970’s 

 

The 6-inch ductile iron force main will need to be relocated to accommodate the proposed 

drainage improvements. The 6-inch cast iron force is recommended to be replaced due to pipe 

material and age of line.  

 

All sanitary sewer line replacements will maintain full capacity with a new pipe of the same 

diameter installed in the same alignment using open-cut methods. It is also recommended that 10 

manholes be replaced due to the age, and existing conditions seen in CCTV footage. See Exhibit 

6.1 for recommended sanitary sewer replacement and refer to Appendix B for additional details. 
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EXHIBIT 6.1 Proposed Sanitary Sewer Replacement
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7.0 Conclusion 

Based on the results from the preliminary roadway geometric evaluation and condition assessment, 

traffic analysis, drainage analysis, and utility assessments and in order to satisfy the three main project 

objectives: Improve safety and Mobility, Improve Drainage, and Improve Quality of Life, the following 

improvements are recommended: Impacts of each alternative to right-of-way, pedestrian amenities, 

tree inventories, and underground utilities have also been considered. 

1. Improve Safety & Mobility 

- Upgrade roadway to a curb and gutter concrete section, including two (2) 11-foot wide lanes with a 

20-foot to 24-foot wide raised median raised median from Beltway 8 Northbound Frontage road to 

Tallowood Road. 

- Reconstruct roadway to meet City’s current roadway geometric requirements. 

- Add left-turn bays at median openings. 

- Upgrade traffic signals at BW 8 Frontage Road and West Bough Lane/Broken Bough Drive to meet 

current City of Houston standards. 

 

2. Improve Drainage  

- Meet the City’s 2-year design criteria and eliminate frequent street flooding/ponding 

- Improve the 10-year level of protection 

- Install 1~10’x10’ reinforced concrete box storm sewer from Broken Bough Drive/West Bough Lane 

- Install 2~10’x10’ reinforced concrete box storm sewers from Broken Bough Drive/West Bough Lane 

to W153; with restrictors at the W153 outfalls. 

- Provide approximately 12+ ac-ft of total storage. 

The existing drainage patterns along Memorial Drive will not change. The Beltway 8 drainage system 

will not be re-routed and no additional water from the Beltway 8 system will be conveyed east to 

W153. 

This project will match or lower flow rates to the receiving systems and will have no adverse impact 

up to and including the 100-year event. 

3. Improve Quality of Life 

- Install continuous, 6’ wide concrete sidewalks along the northern ROW 

- Install 10-foot wide concrete multi-use/shared path along the southern ROW 

- Install decorative pavers within sidewalks 

- Plant additional trees and shrubs within median and along curb 

- Install standard street lighting and pedestrian lighting along the entire project limits 

Due to the age, material, and proposed conflicts, all of the 8-inch and 10-inch water lines and water 

line crossings are recommended to be replaced. 

Due to pipe deterioration, age, proposed conflicts, and pipe material, the majority of the existing small 

diameter sanitary sewers lines are recommended to be replaced.  

The total preliminary estimated construction cost for the project, including a 15% contingency, is 

$17,390,500. These costs do not include any right-of-way acquisition or private utility relocation costs. 

The detailed preliminary estimated construction costs can be found in Appendix A. 

Phase II design will commence upon approval of the recommended project by the City and TIRZ 17.  

 



MEMORIAL DRIVE MOBILITY AND DRAINAGE IMPROVEMENTS PROJECT

CONSTRUCTION COST ESTIMATE

(PER)

No. Section Description Units Quantity Unit Cost Total

General

1 01502 Mobilization LS 1 250,000.00$     250,000.00$         

2 01555 Traffic Control and Regulation LS 1 250,000.00$     250,000.00$         

3 01270 Uniformed Police Officers HR 6,000 42.00$                252,000.00$         

4 01555 Portable Concrete Low Profile Traffic Barrier Installed LF 4,000 40.00$                160,000.00$         

5 01555 Portable Concrete Low Profile Traffic Barrier Moved & Reset LF 4,000 7.00$                  28,000.00$           

6 01555 Portable Concrete Low Profile Traffic Barrier Removed LF 4,000 10.00$                40,000.00$           

7 01562 Tree Replacement  LS 1 145,000.00$     145,000.00$         

8 01562 Tree Protection LS 1 30,000.00$       30,000.00$           

9 01570   LF 660 10.00$                6,600.00$              

10 02922 Sodding SY 6,950 6.00$                  41,700.00$           

11 01570 Filter Fabric Fence LF 9,600 4.00$                  38,400.00$           

1,241,700.00$    

Storm

12 02082 Type‐C Manhole on Box storm sewer‐Complete in Place EA 48 $3,300.00 $158,400.00

13 02082 Type‐C Manhole  EA 25 $4,500.00 $112,500.00

14 02082 Adjust Inlet/Manhole to Grade EA 7 $2,000.00 $14,000.00

15 02821 Reinforced Concrete Box Wall Penetration EA 1 $3,700.00 $3,700.00

16 02221 Remove and Dispose of 4‐inch Diameter Storm Sewer LF 5 $7.00 $35.00

17 02221 Remove and Dispose of 12‐inch Diameter Storm Sewer LF 34 $13.00 $442.00

18 02221 Remove and Dispose of 15‐inch Diameter Storm Sewer LF 20 $13.50 $270.00

19 02223 Remove and Dispose of 18‐inch Diameter Storm Sewer LF 1,566 $13.75 $21,532.50

20 02221 Remove and Dispose of 24‐inch Diameter Storm Sewer LF 3,201 $14.00 $44,814.00

21 02221 Remove and Dispose of 30‐inch Diameter Storm Sewer LF 647 $17.50 $11,322.50

22 02221 Remove and Dispose of 36‐inch Diameter Storm Sewer LF 1,362 $20.00 $27,240.00

23 02221 Remove and Dispose of 42‐inch Diameter Storm Sewer LF 71 $21.00 $1,491.00

24 02221 Remove and Dispose of 48‐inch Diameter Storm Sewer LF 730 $22.00 $16,060.00

25 02221 Remove and Dispose of 9‐foot by 9‐foot Diameter Storm Sewer LF 30 $40.00 $1,200.00

26 02221 Remove headwall EA 5 $350.00 $1,750.00

27 02221 Remove and Dispose of existing inlets,all types EA 94 $350.00 $32,900.00

28 02221 Remove and Dispose of existing manholes,all types EA 2 $460.00 $920.00

29 02260 Trench Safety System LF 8,597 $2.00 $17,194.00

30 02631 24‐inch diameter Storm Sewer by Tunnel Boring Machine LF 488 $850.00 $414,800.00

31 02631 24‐inch diameter Storm Sewer by Open‐Cut‐Complete in Place LF 1,924 $100.00 $192,400.00

32 02631 42‐inch diameter Storm Sewer by Open‐Cut‐Complete in Place LF 85 $160.00 $13,600.00

33 02631 48‐inch diameter Storm Sewer by Tunnel Boring Machine LF 100 $1,000.00 $100,000.00

34 02631 PreCast 8‐foot x 8‐foot Storm Sewer by Open‐Cut‐Complete in Place LF 100 $1,000.00 $100,000.00

35 02631 PreCast 10‐foot x 10‐foot Storm Sewer by Open‐Cut‐Complete in Place LF 7,475 $1,000.00 $7,475,000.00

36 02631 End Caps EA 8 $2,000.00 $16,000.00

37 00001 Junction Box with Riser EA 3 $20,000.00 $60,000.00

38 02633 Type A Inlet EA 2 $2,500.00 $5,000.00

39 02633 Type BB Inlet EA 33 $2,750.00 $90,750.00

40 02633 Type C Inlet w/ Ext EA 1 $3,000.00 $3,000.00

41 02670 Type AZ2G Inlet EA 1 $4,000.00 $4,000.00

$8,940,321.00

General Items Subtotal

Storm Items Subtotal

1



MEMORIAL DRIVE MOBILITY AND DRAINAGE IMPROVEMENTS PROJECT

CONSTRUCTION COST ESTIMATE

(PER)

Water 

42 02511 8" Water line by Trenchless LF 364 120.00$            43,680.00$           

43 02511 8‐inch diameter DIP water line by trenchless construction with restrained joints  LF 283 180.00$            50,940.00$           

44 02511 12" Water line by Trenchless LF 88 130.00$            11,440.00$           

45 02511 16‐inch diameter water line by trenchless construction LF 92 300.00$            27,600.00$           

46 02511 16‐inch diameter DIP water line by trenchless construction with restrained joints  LF 159 350.00$            55,650.00$           

47 02513 8‐inch Wet Connection EA 8 2,000.00$         16,000.00$           

48 02513 12‐inch Wet Connection EA 2 2,500.00$         5,000.00$              

49 02513 16‐inch Wet Connection EA 3 3,400.00$         10,200.00$           

50 02516 6‐inch cut, plug and abandon EA 4 800.00$            3,200.00$              

51 02516 8‐inch cut, plug and abandon EA 13 1,000.00$         13,000.00$           

52 02516 12‐inch cut, plug and abandon EA 2 1,200.00$         2,400.00$              

53 02516 16‐inch cut, plug and abandon EA 3 1,600.00$         4,800.00$              

54 02520 Fire hydrant assembly, all depths, including 6‐inch diameter gate valve and box EA 10 5,000.00$         50,000.00$           

55 02520 6‐inch diameter fire hydrant branch by open‐cut LF 77 80.00$                6,160.00$              

56 02520 Remove and Salvage Existing Fire Hydrant EA 4 450.00$            1,800.00$              

57 02525 16‐inch by 6‐inch diameter tapping sleeve and valve with box EA 7 6,000.00$         42,000.00$           

58 02525 16‐inch by 8‐inch diameter tapping sleeve and valve with box EA 6 6,500.00$         39,000.00$           

59 01270 Water Meter Easement & Meter Station EA 1 35,000.00$       35,000.00$           

417,870.00$       

Sanitary

60 02082 Precast Standard  Sanitary Manhole EA 9 5,200.00$         46,800.00$           

61 02082 Precast Standard Force Main Manhole EA 1 7,000.00$         7,000.00$              

62 02531 4‐inch Sanitary Sewer (Open Cut) LF 10 100.00$            1,000.00$              

63 02531 Remove  & Dispose of Existing 4" Sanitary Sewer LF 10 15.00$                150.00$                  

64 02531 6‐inch Pressure Rated FM (by trenchless) LF 235 250.00$            58,750.00$           

65 02531 Remove  & Dispose of Existing 6‐inch Pressure Rated Sanitary Sewer LF 235 15.00$                3,525.00$              

66 02531 6‐inch Sanitary Sewer (Open Cut) LF 166 130.00$            21,580.00$           

67 02531 Remove  & Dispose of Existing 6" Sanitary Sewer LF 166 15.00$                2,490.00$              

68 02531 8‐inch Sanitary Sewer (Open Cut) LF 445 150.00$            66,750.00$           

69 02531 Remove  & Dispose of Existing 8" Sanitary Sewer LF 445 15.00$                6,675.00$              

70 02531 10‐inch Sanitary Sewer (Open Cut) LF 406 175.00$            71,050.00$           

71 02531 Remove  & Dispose of Existing 10" Sanitary Sewer LF 406 15.00$                6,090.00$              

72 02531 12‐inch Sanitary Sewer (Open Cut) LF 327 200.00$            65,400.00$           

73 02531 Remove  & Dispose of Existing 12" Sanitary Sewer LF 327 15.00$                4,905.00$              

74 02531 24‐inch Sanitary Sewer (Open Cut) LF 84 300.00$            25,200.00$           

75 02531 Remove  & Dispose of Existing 24" Sanitary Sewer LF 84 20.00$                1,680.00$              

76 02531 Remove and Dispose Sanitary Manhole EA 9 500.00$            4,500.00$              

393,545.00$        Sanitary Items Subtotal

Water  Items Subtotal
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MEMORIAL DRIVE MOBILITY AND DRAINAGE IMPROVEMENTS PROJECT

CONSTRUCTION COST ESTIMATE

(PER)

Paving

77 02741 Temporary Asphalt  SY 6,500 80.00$                520,000.00$         

78 02221 Remove and Dispose of Reinforced Concrete Pavement with or without Asphalt Overlay SY 28,116 6.00$                  168,696.00$         

79 02221 Remove and Dispose of Driveways (all materials,all thicknesses) SY 4,614 5.00$                  23,070.00$           

80 02221 Remove and Dispose of Sidewalks (all materials,all thicknesses) SY 3,344 6.00$                  20,064.00$           

81 02315 Roadway Excavation CY 5,000 10.00$                50,000.00$           

82 02221 Remove Concrete Curb, all heights LF 3,706 1.50$                  5,559.00$              

83 02771 Concrete Curb 6" LF 18,459 4.00$                  73,836.00$           

84 02337 Lime/Fly‐Ash Stabilized Subgrade,8‐inch SY 38,656 4.00$                  154,624.00$         

85 02336 Lime for Lime Stabilized Subgrade Ton 625 175.00$            109,375.00$         

86 02754 7 inch High Early Strength concrete Driveway, including excavation and base SF 3,351 8.50$                  28,483.50$           

87 02751 11‐inch reinforced concrete pavement SY 29,451 60.00$                1,767,060.00$      

88 02752 Board Expansion Joint with Load Transfer Device LF 4,000 11.00$                44,000.00$           

89 02752 Horizontal Dowels, all lengths EA 40 10.00$                400.00$                  

90 02752 Saw‐cut concrete pavement(all depths) LF 400 12.00$                4,800.00$              

91 02775 ADA Accessible Wheelchair Ramps SY 180 250.00$            45,000.00$           

92 02775 ADA Detectable Warning Pavers EA 18 200.00$            3,600.00$              

93 02775 4 1/2" Thick Concrete Sidewalk (10 feet) SF 36,407 7.00$                  254,849.00$         

94 02775 4 1/2" Thick Concrete Sidewalk (6 feet) SF 22,131 7.00$                  154,917.00$         

95 02319 Borrow CY 0 2.00$                  ‐$                        

3,428,333.50$    Paving Items Subtotal
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MEMORIAL DRIVE MOBILITY AND DRAINAGE IMPROVEMENTS PROJECT

CONSTRUCTION COST ESTIMATE

(PER)

95 416 DRILL SHAFT (TRF SIG POLE) (24 IN) LF 66 $130.00 8,580.00$              

96 416 DRILL SHAFT (TRF SIG POLE) (30 IN) LF 24 $160.00 3,840.00$              

97 416 DRILL SHAFT (TRF SIG POLE) (36 IN) LF 42 $250.00 10,500.00$           

98 618 CONDT (PVC) (SCHD 80) ( 2") LF 120 $10.00 1,200.00$              

99 618 CONDT (PVC) (SCHD 80) (2") (BORE) LF 700 $10.00 7,000.00$              

100 618 CONDT (PVC) (SCHD 80) (3") LF 600 $15.00 9,000.00$              

101 618 CONDT (PVC) (SCHD 80) (4") LF 20 $14.00 280.00$                  

102 618 CONDT (PVC) (SCHD 80) (4") (BORE) LF 1,000 $19.00 19,000.00$           

103 620 ELEC CONDR (NO. 8) BARE LF 2,500 $0.90 2,250.00$              

104 620 ELEC CONDR (NO. 4) INSULATED LF 1,600 $1.60 2,560.00$              

105 624 GROUND BOX TY D (162922) W/APRON EA 11 $1,500.00 16,500.00$           

106 680 INSTALL HWY TRF SIG (SYSTEM) EA 1 $5,000.00 5,000.00$              

107 Optical Detector Unit EA 6 $625.00 3,750.00$              

108 Phase Selector EA 1 $2,300.00 2,300.00$              

109 Optical Detector Cable LF 3,000 $1.80 5,400.00$              

110 Controller Cabinet 340 ITS EA 1 $20,000.00 20,000.00$           

111 Model 2070L Controller EA 1 $2,700.00 2,700.00$              

112 Battery Backup System EA 1 $5,700.00 5,700.00$              

113 WIMAX EA 1 $4,500.00 4,500.00$              

114 6007 REMOVING TRAFFIC SIGNALS EA 1 $3,500.00 3,500.00$              

115 681 TEMP TRAF SIGNALS EA 1 $25,000.00 25,000.00$           

116 682 VEH SIG SEC (12 IN) LED (GRN) EA 17 $175.00 2,975.00$              

117 682 VEH SIG SEC (12 IN) LED (GRN ARW) EA 4 $175.00 700.00$                  

118 682 VEH SIG SEC (12 IN) LED (YEL) EA 17 $175.00 2,975.00$              

119 682 VEH SIG SEC (12 IN) LED (YEL ARW) EA 4 $175.00 700.00$                  

120 682 VEH SIG SEC (12 IN) LED (RED) EA 17 $175.00 2,975.00$              

121 682 VEH SIG SEC (12 IN) LED (RED ARW) EA 4 $175.00 700.00$                  

122 682 PED SIG SEC (LED) (COUNTDOWN) EA 16 $460.00 7,360.00$              

123 682 BACK PLATE (12 IN) (3 SEC) ALUM EA 21 $76.00 1,596.00$              

124 684 TRF SIG CBL (TY A) (14 AWG) ( 3 CONDR) LF 3,600 $1.00 3,600.00$              

125 684 TRF SIG CBL (TY A) (14 AWG) ( 5 CONDR) LF 3,900 $1.40 5,460.00$              

126 684 TRF SIG CBL (TY A) (14 AWG) (7 CONDR) LF 4,200 $1.50 6,300.00$              

127 686 INS TRF SIG PL AM(S) 1 ARM (32') EA 2 $4,700.00 9,400.00$              

128 686 INS TRF SIG PL AM(S) 1 ARM (36') EA 1 $5,000.00 5,000.00$              

129 686 INS TRF SIG PL AM(S) 1 ARM (48')  EA 1 $6,500.00 6,500.00$              

130 686 INS TRF SIG PL AM(S) 2 ARM(40‐36')  EA 1 $12,000.00 12,000.00$           

131 687 PED POLE ASSEMBLY EA 11 $900.00 9,900.00$              

132 6002 VIVDS PROCESSOR SYSTEM  EA 1 $8,000.00 8,000.00$              

133 6002 VIVDS CAMERA ASSEMBLY  EA 6 $1,500.00 9,000.00$              

134 6002 VIVDS COMMUNICATION CABLE (COAXIAL) LF 1,900 $2.00 3,800.00$              

135 8835 PED DETECT PUSH BUTTON (APS)  EA 14 $1,600.00 22,400.00$           

279,901.00$       

Traffic Signal ‐ Beltway 8

Traffic Signal ‐ Beltway 8 Items Subtotal
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MEMORIAL DRIVE MOBILITY AND DRAINAGE IMPROVEMENTS PROJECT

CONSTRUCTION COST ESTIMATE

(PER)

136 02465 Drill Shaft (TRF SIG Pole) (24 IN) LF 24 $130.00 3,120.00$              

137 02465 Drill Shaft (TRF SIG Pole) (30 IN) LF 72 $160.00 11,520.00$           

138 02582 25' Traffic Signal Pole EA 1 $5,000.00 5,000.00$              

139 02582 30' Traffic Signal Pole EA 1 $5,500.00 5,500.00$              

140 02582 35' Traffic Signal Pole EA 1 $6,000.00 6,000.00$              

141 02582 40' Traffic Signal Pole EA 1 $6,800.00 6,800.00$              

142 02582 PED Pole Assembly EA 4 $900.00 3,600.00$              

143 02893 Traffic Signal Construction EA 1 $2,500.00 2,500.00$              

144 02893 Temp Traf Signals EA 1 $25,000.00 25,000.00$           

145 02893 Removal Of Concrete Foundations EA 4 $500.00 2,000.00$              

146 02893 Remove Traffic Signal Pole Assm EA 4 $500.00 2,000.00$              

147 02893 Electrical Service (UL Type 3R) EA 1 $4,000.00 4,000.00$              

148 16710 Traffic Signal Pull Box, Type B EA 3 $850.00 2,550.00$              

149 16710 Traffic Signal Pull Box, Type C EA 1 $1,500.00 1,500.00$              

150 16711 2" (Trench) Conduit PVC (SCHD 80) LF 200 $10.00 2,000.00$              

151 2" (Bore) Conduit PVC (SCHD 80) LF 300 $10.00 3,000.00$              

152 16711 3" (Trench) Conduit PVC (SCHD 80) LF 200 $15.00 3,000.00$              

153 16711 4" (Trench) Conduit PVC (SCHD 80) LF 100 $14.00 1,400.00$              

154 16711 4" (Bore) Conduit PVC (SCHD 80) LF 600 $19.00 11,400.00$           

155 16715 Veh Sig Sec (12 IN) INC (GRN ARW) LED EA 6 $175.00 1,050.00$              

156 16715 Veh Sig Sec (12 IN) INC (YEL ARW) LED EA 6 $175.00 1,050.00$              

157 16715 Veh Sig Sec (12 IN) INC (FLASH YEL ARW) LED EA 4 $175.00 700.00$                  

158 16715 Veh Sig Sec (12 IN) INC (RED ARW) LED EA 6 $175.00 1,050.00$              

159 16715 Veh Sig Sec (12 IN) INC (GRN) LED EA 11 $175.00 1,925.00$              

160 16715 Veh Sig Sec (12 IN) INC (YEL) LED EA 11 $175.00 1,925.00$              

161 16715 Veh Sig Sec (12 IN) INC (RED) LED EA 11 $175.00 1,925.00$              

162 16715 Back Plate (12 IN) (3 SEC) EA 13 $76.00 988.00$                  

163 16715 Back Plate (12 IN) (4 SEC) EA 4 $89.00 356.00$                  

164 16716 Ped Sig Sec (12 IN) LED (2 Indications) (COUNTDOWN) EA 8 $460.00 3,680.00$              

165 16720 Trf Sig Cbl (TY A) (14 AWG) ( 3 CONDR) LF 800 $1.00 800.00$                  

166 16720 Trf Sig Cbl (TY A) (14 AWG) ( 5 CONDR) LF 800 $1.40 1,120.00$              

167 16720 Trf Sig Cbl (TY A) (14 AWG) ( 7 CONDR) LF 1,200 $1.50 1,800.00$              

168 Video Detection Cable LF 600 $2.00 1,200.00$              

169 16720 Elec Condr (NO. 8) Bare                 LF 1,400 $0.90 1,260.00$              

170 Video Detection System EA 1 $8,000.00 8,000.00$              

171 Video Detection Camera EA 4 $1,500.00 6,000.00$              

172 16720 Signal Power (NO. 4 THHN) LF 100 $2.00 200.00$                  

173 16724 Optical Detector Unit EA 4 $625.00 2,500.00$              

174 16724 Phase Selector EA 1 $2,300.00 2,300.00$              

175 16724 Optical Detector Cable LF 600 $1.80 1,080.00$              

176 16730 Controller Cabinet 340 ITS EA 1 $20,000.00 20,000.00$           

177 16731 Model 2070L Controller EA 1 $2,700.00 2,700.00$              

178 16732 Battery Backup System EA 1 $5,700.00 5,700.00$              

179 16734 WIMAX EA 1 $4,500.00 4,500.00$              

180 16750 Audible Pedestrian Signal Units EA 8 $1,600.00 12,800.00$           

188,499.00$       

LS 40,000.00$         

Lighting 

181 Remove Exist. Pole & Light EA 0 150.00$            ‐$                        

182 Proposed Poles & Light  EA 48 4,000.00$         192,000.00$         

183 Proposed Light on Existing Poles EA 0 2,000.00$         ‐$                        

192,000.00$       

SUBTOTAL 15,122,169.50$    

15% Contingency 2,268,325.43$      

TOTAL 17,390,494.93$    

Lighting Items Subtotal

Signing and Pavement Markings Items Subtotal

Traffic Signal ‐ West Bough/Broken Bough Items Subtotal

Signing and Pavement Markings

Traffic Signal ‐ West Bough/Broken Bough
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MEMORIAL DRIVE

BENCHMARK:

DATED DECEMBER 17,2014.

IN REFERENCE TO THE CORS

* OBSERVED BY GPS SURVEYING AND PROCESSED

(CORS96) (GEOID '12A)*

ELEV. 67.80 FEET  NAVD 1988

OF OLD OAKS DRIVE INTERSECTION.

MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH

A BRASS DISK IN CONCRETE, LOCATED ON

CITY OF HOUSTON MONUMENT ____-____,

1"=40'

1"=4'  

NOTES:

  DRAINAGE DURING CONSTRUCTION.

  UNLESS SHOWN OTHERWISE. MAINTAIN

7.ALL EXISTING STORM SEWER TO BE REMOVED

  FOR MORE INFORMATION.

6.SEE STORM SEWER HORIZONTAL GEOMETRY SHEETS

  MORE INFORMATION.

5.SEE ROADWAY HORIZONTAL GEOMETRY SHEETS FOR

  CONDITIONS USING NFOWORKS SD.

4.PROPOSED HGL CALCULATED FOR POST-PROJECT

  INFORMATION.

3.SEE WATER & SAN SWR SHEETS FOR MORE

  MORE INFORMATION.

2.SEE STORM SEWER LATERALS SHEETS FOR

  NOTED.

1.ALL RCP ARE CLASS III UNLESS OTHERWISE

SEE DRIVEWAY TABULATION & DETAILS SHEETX
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10 20 40

9814681591

BRIAN R. WHITNEY MUHAMMAD ALI

TR = 72.57

STA 3+20.00, 22.7' LT

PROP TYP. "C" MH #MH25

PROP 10' SIDEWALK

PROP 6' SIDEWALK TR = 71.82

STA 4+70.13, 23.5' LT

PROP TYP. "C" MH #MH23

TC = 72.11

STA 4+70.13, 34'LT

PROP TYP. "BB" INLET #B132

TR = 72.66

STA 3+20.00, 18'RT

PROP TYP. "C" MH ON BOX #MH24

TR = 71.93

STA 4+70.13, 18'RT

PROP TYP. "C" MH ON BOX #MH22

TC = 72.11

STA 4+70.13, 34'RT

PROP TYP. "BB" INLET #B131
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PROP

PROP 24" LEAD

TO GRADE

ADJUST MH
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PROP 6" CURB (TYP)

TO GRADE
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ADJUST MH

PROP 10'x10' RCB
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          @0.10%

PROP 10 LF 2-10'x10' RCB

@0.10%

PROP 150 LF 10'x10' RCB

          @0.10%

PROP 130 LF 10'x10' RCB

24" \ = 60.48 (N,S)

10'X10'RCB \ = 52.98 (E,W)

STA 4+70.13

PROP TYP "C" MH ON BOX #MH22

24" \ = 60.16 (N)

10'X10'RCB \ = 53.13 (E)

STA 3+20.00

PROP TYP "C" MH ON BOX #MH24

STA = 2+60.00

EL  = 72.95'
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N-T17000-031B-4

MEMORIAL DRIVE

BENCHMARK:

DATED DECEMBER 17,2014.

IN REFERENCE TO THE CORS

* OBSERVED BY GPS SURVEYING AND PROCESSED

(CORS96) (GEOID '12A)*

ELEV. 67.80 FEET  NAVD 1988

OF OLD OAKS DRIVE INTERSECTION.

MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH

A BRASS DISK IN CONCRETE, LOCATED ON

CITY OF HOUSTON MONUMENT ____-____,

1"=40'

1"=4'  

NOTES:

  DRAINAGE DURING CONSTRUCTION.

  UNLESS SHOWN OTHERWISE. MAINTAIN

7.ALL EXISTING STORM SEWER TO BE REMOVED

  FOR MORE INFORMATION.

6.SEE STORM SEWER HORIZONTAL GEOMETRY SHEETS

  MORE INFORMATION.

5.SEE ROADWAY HORIZONTAL GEOMETRY SHEETS FOR

  CONDITIONS USING NFOWORKS SD.

4.PROPOSED HGL CALCULATED FOR POST-PROJECT

  INFORMATION.

3.SEE WATER & SAN SWR SHEETS FOR MORE

  MORE INFORMATION.

2.SEE STORM SEWER LATERALS SHEETS FOR

  NOTED.

1.ALL RCP ARE CLASS III UNLESS OTHERWISE

SEE DRIVEWAY TABULATION & DETAILS SHEETX

LEGEND:

PROPOSED TRAFFIC FLOW

EXISTING TRAFFIC FLOW

N

EXIST ROW

EXIST ROW

MEMORIAL DRIVE
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STA 5+00 TO STA 9+00

PVMT & STM SWR IMPROVEMENTS

PLAN

PROP 24" RCP
PROP 24" RCP

(REMOVE)

(REMOVE)

(REMOVE)

(TO REMAIN)

(TO REMAIN)

(T
O
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E

M
A
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N
)

0

(IN FEET)

10 20 40

1 INCH = 20 FEET

81591

BRIAN R. WHITNEY

98146

MUHAMMAD ALI

TC = 71.41

STA 8+50.00, 34'RT

PROP TYP. "BB" INLET #B126

TR = 71.21

STA 8+50.00, 19.25'RT

PROP TYP. "C" MH ON BOX #MH19

TR = 71.87

STA 7+06.33, 6.5'RT

PROP TYP. "C" MH ON BOX #MH20

TC = 71.97

STA 6+26.00, 29.7'RT

PROP TYP. "BB" INLET #B129

TR = 71.79

STA 6+26.00, 18'RT

PROP TYP. "C" MH ON BOX #MH21

TR = 71.69

STA 6+26.00, 23'LT

PROP TYP. "C" MH #MH26

TC = 71.97

STA 6+26.00, 34'LT

PROP TYP. "BB" INLET #B130

TR = 71.71

STA 7+07.30, 22.3'LT

PROP TYP. "C" MH #MH43
TC = 71.41

STA 8+50.00, 34'LT

PROP TYP. "BB" INLET #B127

TR = 71.15

STA 8+50.00, 22.2'LT

PROP TYP. "C" MH #MH27

PROP 6' SIDEWALK

1
3
'6
8
'

1
0
0
'

PROP 24" LEAD

PROP 24" RCP

PROP 24" LEAD

PROP 6" CURB (TYP)

PROP 10' SIDEWALK

PROP 24" LEAD

PROP 24" LEAD

PROP 10'
x10' R

CB
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@0.10%

PROP 156 LF 10'x10' RCB

@0.10%

PROP 80.5 LF 10'x10' RCB

@0.10%

PROP 143.5 LF 10'x10' RCB

          @0.10%

PROP 125 LF 10'x10' RCB

24" \ = 60.32 (N,S)

10'X10'RCB \ = 52.83 (E,W)

STA 6+26.00

PROP TYP "C" MH ON BOX #MH21

24" \ = 60.24 (N,S)

10'X10'RCB \ = 52.75 (E,W)

STA 7+06.33

PROP TYP "C" MH ON BOX #MH20

24" \ = 60.10 (N,S)

10'X10'RCB \ = 52.60 (E,W)

STA 8+50.00

PROP TYP "C" MH ON BOX #MH19

STA = 5+47.79

EL  = 72.43' STA = 6+26.00

EL  = 72.00'

STA = 7+00.00

EL  = 72.30'

STA = 8+50.00

EL  = 71.41'

5+00 6+00 7+00 8+00 9+00

(+)0.41% (N&S) (-)0.55% (N&S) (+)0.40% (N&S)

(+)0.40% (N&S)

(-)0.58% (N&S)

(-)0.58% (N&S)
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STA 5+00 TO STA 9+00

PVMT & STM SWR IMPROVEMENTS
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REDEVELOPMENT AUTHORITY
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N-T17000-031B-4

MEMORIAL DRIVE

BENCHMARK:

DATED DECEMBER 17,2014.

IN REFERENCE TO THE CORS

* OBSERVED BY GPS SURVEYING AND PROCESSED

(CORS96) (GEOID '12A)*

ELEV. 67.80 FEET  NAVD 1988

OF OLD OAKS DRIVE INTERSECTION.

MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH

A BRASS DISK IN CONCRETE, LOCATED ON

CITY OF HOUSTON MONUMENT ____-____,

1"=40'

1"=4'  

NOTES:

  DRAINAGE DURING CONSTRUCTION.

  UNLESS SHOWN OTHERWISE. MAINTAIN

7.ALL EXISTING STORM SEWER TO BE REMOVED

  FOR MORE INFORMATION.

6.SEE STORM SEWER HORIZONTAL GEOMETRY SHEETS

  MORE INFORMATION.

5.SEE ROADWAY HORIZONTAL GEOMETRY SHEETS FOR

  CONDITIONS USING NFOWORKS SD.

4.PROPOSED HGL CALCULATED FOR POST-PROJECT

  INFORMATION.

3.SEE WATER & SAN SWR SHEETS FOR MORE

  MORE INFORMATION.

2.SEE STORM SEWER LATERALS SHEETS FOR

  NOTED.

1.ALL RCP ARE CLASS III UNLESS OTHERWISE

SEE DRIVEWAY TABULATION & DETAILS SHEETX

LEGEND:

PROPOSED TRAFFIC FLOW

EXISTING TRAFFIC FLOW

N

EXIST ROW

EXIST ROW

MEMORIAL DRIVE
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STA 9+00 TO STA 13+00

PVMT & STM SWR IMPROVEMENTS

PLAN

(REMOVE INLET)

(TO REMAIN)
(TO REMAIN)

(REMOVE)

(REMOVE)
(REMOVE)

(REMOVE)

9814681591

BRIAN R. WHITNEY MUHAMMAD ALI

0

(IN FEET)

10 20 40

1 INCH =20 FEET

TR = 71.61

STA 10+11.80, 21.6'LT

PROP TYP. "C" MH #MH44

TC = 71.20

STA 12+80.63, 34'RT

PROP TYP. "BB" INLET #B139

TR = 70.99

STA 11+50.00, 19.6'RT

PROP TYP. "C" MH ON BOX #MH75

TR = 70.59

STA 12+80.63, 8.4'RT

PROP TYP. "C" MH ON BOX #MH16

TR = 71.05

STA 12+80.63, 21.7'LT

PROP TYP. "C" MH #MH71

TC = 70.58

STA 12+80.63, 34'LT

PROP TYP. "BB" INLET #B123

TC = 70.58

STA 12+80.63, 34'RT

PROP TYP. "BB" INLET #B122

TR = 70.37

STA 12+80.63, 19.6'RT

PROP TYP. "C" MH ON BOX #MH16

TR = 72.07

STA 9+75.10, 42.1'RT

PROP TYP. "A" INLET #B150

TR = 71.75

STA 9+75.10, 19.3'RT

PROP TYP. "C" MH ON BOX #MH58

TR = 71.93

STA 10+11.77, 6.5'RT

PROP TYP. "C" MH ON BOX #MH18

TR = 70.73

STA 11+95.10, 21.8'LT

PROP TYP. "C" MH #MH45

PROP 6' SIDEWALK

PROP 10' SIDEWALK

6
8
'

2
4
'1
0
0
'

PROP 24" LEAD

PROP 24" RCP

PROP 24" LEAD
PROP 24" LEAD

PROP 24" RCP

24" RCP

PROP

PROP 24" LEAD

PROP 6" CURB (TYP)

TR = 70.79

STA 11+95.14, 19.6'RT

PROP TYP. "C" MH ON BOX #MH17

PROP 10'
x10' R

CB
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@0.10%

PROP 75 LF 10'x10' RCB

          @0.10%

PROP 36.5 LF 10'x10' RCB
@0.10%

PROP 138 LF 10'x10' RCB

          @0.10%

PROP 45 LF 10'x10' RCB

@0.10%

PROP 85.5 LF 10'x10' RCB

          @0.10%

PROP 19.5 LF 10'x10' RCB

24" \ = 65.08 (NE)

10'X10'RCB \ = 52.26 (SE,NW)

STA 11+95.10

PROP TYP "C" MH ON BOX #MH17

24" \ = 65.08 (NE,SW

10'X10'RCB \ = 52.17 (SE,NW)

STA 12+80.63

PROP TYP "C" MH ON BOX #MH16

24" \ = 65.08 (S)

10'X10'RCB \ = 52.30 (E,W)

STA 11+50.00

PROP TYP "C" MH ON BOX #MH75

24" \ = 59.94 (NE)

10'X10'RCB \ = 52.44 (SE,NW)

STA 10+11.77

PROP TYP "C" MH ON BOX #MH18

24" \ = 59.97 (N,S)

10'X10'RCB \ = 52.48 (E,W)

STA 9+75.10

PROP TYP "C" MH ON BOX #MH58

STA = 9+90.03

EL  = 71.97'

STA = 12+80.63

EL  = 70.58'

9+00 10+00 11+00 12+00 13+00
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MUHAMMAD ALIBRIAN R. WHITNEY
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N-T17000-031B-4

MEMORIAL DRIVE

BENCHMARK:

DATED DECEMBER 17,2014.

IN REFERENCE TO THE CORS

* OBSERVED BY GPS SURVEYING AND PROCESSED

(CORS96) (GEOID '12A)*

ELEV. 67.80 FEET  NAVD 1988

OF OLD OAKS DRIVE INTERSECTION.

MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH

A BRASS DISK IN CONCRETE, LOCATED ON

CITY OF HOUSTON MONUMENT ____-____,

1"=40'

1"=4'  

NOTES:

  DRAINAGE DURING CONSTRUCTION.

  UNLESS SHOWN OTHERWISE. MAINTAIN

7.ALL EXISTING STORM SEWER TO BE REMOVED

  FOR MORE INFORMATION.

6.SEE STORM SEWER HORIZONTAL GEOMETRY SHEETS

  MORE INFORMATION.

5.SEE ROADWAY HORIZONTAL GEOMETRY SHEETS FOR

  CONDITIONS USING NFOWORKS SD.

4.PROPOSED HGL CALCULATED FOR POST-PROJECT

  INFORMATION.

3.SEE WATER & SAN SWR SHEETS FOR MORE

  MORE INFORMATION.

2.SEE STORM SEWER LATERALS SHEETS FOR

  NOTED.

1.ALL RCP ARE CLASS III UNLESS OTHERWISE

SEE DRIVEWAY TABULATION & DETAILS SHEETX

LEGEND:

PROPOSED TRAFFIC FLOW

EXISTING TRAFFIC FLOW

N

EXIST ROW

EXIST ROW
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SHEET 7 OF 24

STA 13+00 TO STA 17+00

PVMT & STM SWR IMPROVEMENTS

PLAN
TC = 70.01

STA 16+40.00, 34'RT

PROP TYP. "BB" INLET #B119

TR = 70.53

STA 16+40.00, 8'RT

PROP TYP. "C" MH ON BOX #MH14

TR = 69.83

STA 16+40.00, 18'RT

PROP TYP. "C" MH ON BOX #MH14

PROP 2-10'x10' RCB

PROP 24" LEAD

TC = 70.01

STA 16+40.00, 34'LT

PROP TYP. "BB" INLET #B120
TR = 70.33

STA 15+96.70, 8'LT

PROP TYP. "C" MH ON BOX #MH70

TR = 70.36

STA 15+96.70, 36.6'LT

PROP TYP. "C" MH #MH47

PROP 24" RCP

TO GRADE

ADJUST MH

PROP 48" RCP

TR = 70.50

STA 14+50.35, 39.8'LT

PROP TYP. "C" MH #A06

PROP 24" RCP
(TO REMAIN)

(REMOVE)

(REMOVE)

(REMOVE)

(REMOVE)

(REMOVE)

(REMOVE)

(TO REMAIN)

(T
O
 

R
E

M
A
I
N
)

(T
O
 

R
E

M
A
I
N
)

P
R
O
P
 
8
'X

8
' R

C
B

TR = 

STA 15+00.00, 66.8'LT

PROP TYP. "C" MH #MH46

TR = 70.50

STA 15+25.00, 17.3'RT

PROP TYP. "C" MH ON BOX #MH28

TR = 71.25

STA 15+45.00, 5.5'RT

PROP TYP. "C" MH ON BOX #MH81

MUHAMMAD ALIBRIAN R. WHITNEY

81591 98146

PROP 6' SIDEWALK

PROP 10' SIDEWALK

6
8
'

1
3
'

1
0
0
'

0

(IN FEET)

10 20 40

1 INCH = 20 FEET

PROP 24" LEAD

PROP 6" CURB (TYP)

PROP 10'
x10' R

CB

TR = 70.82

STA 14+25.00, 17.5'RT

PROP TYP. "C" MH ON BOX #MH15
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N-T17000-031B-4

MEMORIAL DRIVE

BENCHMARK:

DATED DECEMBER 17,2014.

IN REFERENCE TO THE CORS

* OBSERVED BY GPS SURVEYING AND PROCESSED

(CORS96) (GEOID '12A)*

ELEV. 67.80 FEET  NAVD 1988

OF OLD OAKS DRIVE INTERSECTION.

MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH

A BRASS DISK IN CONCRETE, LOCATED ON

CITY OF HOUSTON MONUMENT ____-____,

1"=40'

1"=4'  

NOTES:

  DRAINAGE DURING CONSTRUCTION.

  UNLESS SHOWN OTHERWISE. MAINTAIN

7.ALL EXISTING STORM SEWER TO BE REMOVED

  FOR MORE INFORMATION.

6.SEE STORM SEWER HORIZONTAL GEOMETRY SHEETS

  MORE INFORMATION.

5.SEE ROADWAY HORIZONTAL GEOMETRY SHEETS FOR

  CONDITIONS USING NFOWORKS SD.

4.PROPOSED HGL CALCULATED FOR POST-PROJECT

  INFORMATION.

3.SEE WATER & SAN SWR SHEETS FOR MORE

  MORE INFORMATION.

2.SEE STORM SEWER LATERALS SHEETS FOR

  NOTED.

1.ALL RCP ARE CLASS III UNLESS OTHERWISE

SEE DRIVEWAY TABULATION & DETAILS SHEETX

LEGEND:

PROPOSED TRAFFIC FLOW

EXISTING TRAFFIC FLOW

N

EXIST ROW

EXIST ROW

MEMORIAL DRIVE
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TR = 70.29

STA 18+25.00, 8.6'RT

PROP TYP. "C" MH ON BOX #MH13

TR = 69.60

STA 18+25.00, 18'RT

PROP TYP. "C" MH ON BOX #MH13

TC = 69.78

STA 18+25.00, 34'RT

PROP TYP. "BB" INLET #B117

TC = 69.78

STA 18+25.00, 34'LT

PROP TYP. "BB" INLET #B118

PROP 2-10'x10' RCB

PROP 24" LEAD

PROP 24" LEAD

(REMOVE)

(REMOVE) (REMOVE)

(REMOVE)
(REMOVE)

(REMOVE)
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N-T17000-031B-4

MEMORIAL DRIVE

BENCHMARK:

DATED DECEMBER 17,2014.

IN REFERENCE TO THE CORS

* OBSERVED BY GPS SURVEYING AND PROCESSED

(CORS96) (GEOID '12A)*

ELEV. 67.80 FEET  NAVD 1988

OF OLD OAKS DRIVE INTERSECTION.

MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH

A BRASS DISK IN CONCRETE, LOCATED ON

CITY OF HOUSTON MONUMENT ____-____,

1"=40'

1"=4'  

NOTES:

  DRAINAGE DURING CONSTRUCTION.

  UNLESS SHOWN OTHERWISE. MAINTAIN

7.ALL EXISTING STORM SEWER TO BE REMOVED

  FOR MORE INFORMATION.

6.SEE STORM SEWER HORIZONTAL GEOMETRY SHEETS

  MORE INFORMATION.

5.SEE ROADWAY HORIZONTAL GEOMETRY SHEETS FOR

  CONDITIONS USING NFOWORKS SD.

4.PROPOSED HGL CALCULATED FOR POST-PROJECT

  INFORMATION.

3.SEE WATER & SAN SWR SHEETS FOR MORE

  MORE INFORMATION.

2.SEE STORM SEWER LATERALS SHEETS FOR

  NOTED.

1.ALL RCP ARE CLASS III UNLESS OTHERWISE

SEE DRIVEWAY TABULATION & DETAILS SHEETX

LEGEND:

PROPOSED TRAFFIC FLOW

EXISTING TRAFFIC FLOW

N

EXIST ROW

EXIST ROW

MEMORIAL DRIVE
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STA 21+00 TO STA 25+00

PVMT & STM SWR IMPROVEMENTS
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TR = 68.43

STA 21+59.80, 9.25'RT

PROP TYP. "C" MH ON BOX #MH12

TR = 68.23

STA 21+59.80, 19.25'RT

PROP TYP. "C" MH ON BOX #MH12

TC = 68.43

STA 21+59.80, 34'RT

PROP TYP. "BB" INLET #B115

TC = 68.43

STA 21+59.80, 34'LT

PROP TYP. "BB" INLET #B116

TR = 68.17

STA 24+16.00, 8'RT

PROP TYP. "C" MH ON BOX #MH11

TR = 67.47

STA 24+16.00, 18'RT

PROP TYP. "C" MH ON BOX #MH11

TC = 67.65

STA 24+16.00, 34'RT

PROP TYP. "BB" INLET #B113

TC = 67.65

STA 24+16.00, 34'LT

PROP TYP. "BB" INLET #B114

PROP 2-10'x10' RCB

PROP 24" LEAD

PROP 24" LEAD

PROP 24" LEAD

PROP 24" LEAD

TR = 67.92

STA 23+07.00, 17.5'RT

PROP TYP. "C" MH ON BOX #MH74

TC = 68.09

STA 23+07.00, 34'RT

PROP TYP. "BB" INLET #B138

PROP 24" LEAD

(REMOVE)

(REMOVE)

(REMOVE)
(REMOVE)(REMOVE)
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24" \ = 58.20 (E,W)

2-10'X10'RCB \ = 51.29 (N,S)

STA 21+59.80

PROP TYP "C" MH ON BOX #MH12

24" \ = 58.20 (E,W)

2-10'X10'RCB \ = 51.04 (N,S)

STA 24+16.00

PROP TYP "C" MH ON BOX #MH11
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@0.10%
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2-10'X10'RCB \ = 51.15 (N,S)

STA 23+07.00

PROP TYP "C" MH ON BOX #MH74

          @0.10%
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NOTES:
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  UNLESS SHOWN OTHERWISE. MAINTAIN
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  FOR MORE INFORMATION.

6.SEE STORM SEWER HORIZONTAL GEOMETRY SHEETS

  MORE INFORMATION.
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PROP TYP. "C" MH ON BOX #MH10

TR = 67.30

STA 26+18.00, 18.1'RT

PROP TYP. "C" MH ON BOX #MH10

TC = 67.49

STA 26+18.03, 33.6'RT
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MEMORIAL DRIVE

BENCHMARK:

DATED DECEMBER 17,2014.

IN REFERENCE TO THE CORS

* OBSERVED BY GPS SURVEYING AND PROCESSED

(CORS96) (GEOID '12A)*

ELEV. 67.80 FEET  NAVD 1988

OF OLD OAKS DRIVE INTERSECTION.

MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH

A BRASS DISK IN CONCRETE, LOCATED ON

CITY OF HOUSTON MONUMENT ____-____,

1"=40'

1"=4'  

NOTES:

  DRAINAGE DURING CONSTRUCTION.

  UNLESS SHOWN OTHERWISE. MAINTAIN

7.ALL EXISTING STORM SEWER TO BE REMOVED

  FOR MORE INFORMATION.

6.SEE STORM SEWER HORIZONTAL GEOMETRY SHEETS

  MORE INFORMATION.

5.SEE ROADWAY HORIZONTAL GEOMETRY SHEETS FOR

  CONDITIONS USING NFOWORKS SD.

4.PROPOSED HGL CALCULATED FOR POST-PROJECT

  INFORMATION.

3.SEE WATER & SAN SWR SHEETS FOR MORE

  MORE INFORMATION.

2.SEE STORM SEWER LATERALS SHEETS FOR

  NOTED.

1.ALL RCP ARE CLASS III UNLESS OTHERWISE

SEE DRIVEWAY TABULATION & DETAILS SHEETX

LEGEND:

PROPOSED TRAFFIC FLOW

EXISTING TRAFFIC FLOW

N

EXIST ROW
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SHEET 15 OF 24

STA 28+50 TO STA 32+50

PVMT & STM SWR IMPROVEMENTS

PLAN

TR = 68.18

STA 28+93.00, 14.2'RT

PROP JUNCT. BOX #MH09

TR = 68.20

STA 30+15.00, 5'RT

PROP JUNCT. BOX #MH08

TC = 67.66

STA 30+15, 32'LT

PROP TYP. "BB" INLET #B125

TC = 67.66

STA 30+15.00, 32'RT

PROP TYP. "BB" INLET #B124

PROP 24" RCP

PROP 2-10'x10' RCB

PROP 24" LEAD

PROP 24" LEAD

PROP 4-24" RCP

TC = 67.73

STA 31+44.20, 15.5'RT

PROP TYP. "C" MH ON BOX #MH31

TR = 68.10

STA 31+40.90, 35.9'RT

PROP TYP "C" MH #MH30

(REMOVE)

(REMOVE)

(REMOVE)

(REMOVE)

(REMOVE)
(REMOVE)
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N-T17000-031B-4

MEMORIAL DRIVE

BENCHMARK:

DATED DECEMBER 17,2014.

IN REFERENCE TO THE CORS

* OBSERVED BY GPS SURVEYING AND PROCESSED

(CORS96) (GEOID '12A)*

ELEV. 67.80 FEET  NAVD 1988

OF OLD OAKS DRIVE INTERSECTION.

MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH

A BRASS DISK IN CONCRETE, LOCATED ON

CITY OF HOUSTON MONUMENT ____-____,

1"=40'

1"=4'  

NOTES:

  DRAINAGE DURING CONSTRUCTION.

  UNLESS SHOWN OTHERWISE. MAINTAIN

7.ALL EXISTING STORM SEWER TO BE REMOVED

  FOR MORE INFORMATION.

6.SEE STORM SEWER HORIZONTAL GEOMETRY SHEETS

  MORE INFORMATION.

5.SEE ROADWAY HORIZONTAL GEOMETRY SHEETS FOR

  CONDITIONS USING NFOWORKS SD.

4.PROPOSED HGL CALCULATED FOR POST-PROJECT

  INFORMATION.

3.SEE WATER & SAN SWR SHEETS FOR MORE

  MORE INFORMATION.

2.SEE STORM SEWER LATERALS SHEETS FOR

  NOTED.

1.ALL RCP ARE CLASS III UNLESS OTHERWISE

SEE DRIVEWAY TABULATION & DETAILS SHEETX

LEGEND:

PROPOSED TRAFFIC FLOW

EXISTING TRAFFIC FLOW

N

EXIST ROW

EXIST ROW

MEMORIAL DRIVE

BL MEMORIAL DR.
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STA 32+50 TO STA 36+50

PVMT & STM SWR IMPROVEMENTS
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TC = 67.40

STA 32+50.00, 32'LT

PROP TYP. "BB" INLET #B110

PROP 2-10'x10' RCB

TG = 67.50

STA 36+47.80, 34.8'LT

PROP TYP "A" INLET #MH80

PROP 24" LEAD

TR = 67.50

STA 33+53.00, 44'LT

PROP TYP "C" MH #MH32

PROP 24" RCP

TR = 67.96

STA 35+11.10, 42.3'RT

PROP TYP "C" MH #MH49

PROP 2
4" 

LEAD

PROP 24" RCP

TR = 67.23

STA 34+00.00, 32.0'RT

PROP TYP. "BB" INLET #B107

TR = 66.75

STA 34+00.00, 15.5'RT

PROP TYP "C" MH ON BOX #MH06

TC = 67.28

STA 33+85.30, 32'LT

PROP TYP. "BB" INLET #B135

TC = 67.23

STA 34+00.00, 32'LT

PROP TYP. "BB" INLET #B108

TR = MATCH GRADE

STA 34+14, 44.7'LT

PROP TYP "C" MH #MH33

TR = 67.56

STA 34+00.00, 5.0'RT

PROP TYP "C" MH ON BOX #MH06

TR = 67.58

STA 35+11.10, 15.5'RT

PROP TYP "C" MH ON BOX #MH34

TR = 68.00

STA 36+47.80, 5'RT

PROP TYP "C" MH ON BOX #MH35

TR = 67.95

STA 32+82.90, 42.8'RT

PROP TYP "C" MH #MH48

TC = 67.40

STA 32+50.00, 32'RT

PROP TYP. "C" INLET #B109

TR = 67.23

STA 32+50.00, 15.5'RT

PROP TYP "C" MH ON BOX #MH07

TR = 67.43

STA 32+50.00, 5'RT

PROP TYP "C" MH ON BOX #MH07

(REMOVE)

(REMOVE)

(REMOVE)

(REMOVE)

(REMOVE)

(REMOVE)
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(IN FEET)

10 20 40

1 INCH = 20 FEET

MUHAMMAD ALIBRIAN R. WHITNEY
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exist. 8" san.

exist. 8" san.

exist. 8" drop

8-4" ducts

AT&T TEXAS/SWBT

8-4" ducts

AT&T TEXAS/SWBT
8-4" ducts

AT&T TEXAS/SWBT

10-4" ducts

AT&T TEXAS/SWBT
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2-4" ducts
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elev.
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exist. 36" stm.

24" \ = 57.31 (NE,SW)

2-10'X10'RCB \ = 49.81 (NW,SE)

STA 32+50.00

PROP TYP "C" MH ON BOX #MH07

24" \ = 57.16 (NE)

2-10'X10'RCB \ = 49.66 (NW,SE)

STA 34+00.00

PROP TYP "C" MH ON BOX #MH06

@0.10%

PROP 150 LF 2-10'x10' RCB

24" \ = 57.05 (SW)

2-10'X10'RCB \ = 49.55 (NW,SE)

STA 35+11.20

PROP TYP "C" MH ON BOX #MH34

@0.10%

PROP 111 LF 2-10'x10' RCB

@0.10%

PROP 136.5 LF 2-10'x10' RCB

24" \ = 61.73 (NE)

2-10'X10'RCB \ = 49.41 (NW,SE)

STA 36+47.80

PROP TYP "C" MH ON BOX #MH35

STA = 32+50.00

EL  = 67.40'

STA = 33+00.21

EL  = 67.60' STA = 34+00.00

EL  = 67.23'

33+00 34+00 35+00 36+00

(+)0.40% (N&S)
(+)0.30% (N&S)

(-)0.37% (N&S)
(-)0.37% (N&S)
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N-T17000-031B-4

MEMORIAL DRIVE

BENCHMARK:

DATED DECEMBER 17,2014.

IN REFERENCE TO THE CORS

* OBSERVED BY GPS SURVEYING AND PROCESSED

(CORS96) (GEOID '12A)*

ELEV. 67.80 FEET  NAVD 1988

OF OLD OAKS DRIVE INTERSECTION.

MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH

A BRASS DISK IN CONCRETE, LOCATED ON

CITY OF HOUSTON MONUMENT ____-____,

1"=40'

1"=4'  

NOTES:

  DRAINAGE DURING CONSTRUCTION.

  UNLESS SHOWN OTHERWISE. MAINTAIN

7.ALL EXISTING STORM SEWER TO BE REMOVED

  FOR MORE INFORMATION.

6.SEE STORM SEWER HORIZONTAL GEOMETRY SHEETS

  MORE INFORMATION.

5.SEE ROADWAY HORIZONTAL GEOMETRY SHEETS FOR

  CONDITIONS USING NFOWORKS SD.

4.PROPOSED HGL CALCULATED FOR POST-PROJECT

  INFORMATION.

3.SEE WATER & SAN SWR SHEETS FOR MORE

  MORE INFORMATION.

2.SEE STORM SEWER LATERALS SHEETS FOR

  NOTED.

1.ALL RCP ARE CLASS III UNLESS OTHERWISE

SEE DRIVEWAY TABULATION & DETAILS SHEETX

LEGEND:

PROPOSED TRAFFIC FLOW

EXISTING TRAFFIC FLOW

N

EXIST ROW

EXIST ROW

MEMORIAL DRIVE

BL MEMORIAL DR.

STA 36+50 TO STA 40+50

PVMT & STM SWR IMPROVEMENTS

PLAN & PROFILE
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TC = 67.08

STA 38+50.00, 32'LT

PROP TYP. "BB" INLET #B106

TC = 66.72

STA 40+20.00, 32'LT

PROP TYP. "BB" INLET #B104

TC = 66.72

STA 40+20.00, 32'RT

PROP TYP. "BB" INLET #B103

PROP 24" RCP

PROP 24" RCP

PROP 24" RCP

PROP 2-10'x10' RCB

TR = 67.79

STA 37+56.00, 34.7'lT

PROP TYP "C" MH ON BOX #MH51

TR = 68.82

STA 36+68.00, 41.5'RT

PROP TYP "C" MH #MH56

TR = 68.16

STA 37+43.40, 42'lT

PROP TYP "C" MH #MH52

PROP 24" LEAD

PROP 24" LEAD

PROP 24" LEAD

TR = 66.75

STA 40+20.00, 5.5'RT

PROP TYP "C" MH ON BOX #MH04

TR = 66.53

STA 40+20.00, 16.5'RT

PROP TYP "C" MH ON BOX #MH04

TR = 67.38

STA 38+27.90, 39.5'RT

PROP TYP "C" MH #MH57

TR = 67.79

STA 37+43.40, 15.5'RT

PROP TYP "C" MH ON BOX #MH53

TR = 68.27

STA 37+56.00, 15.5'RT

PROP TYP "C" MH ON BOX #MH36

TR = 67.08

STA 38+50.00, 32'RT

PROP TYP. "BB" INLET #B105

TR = 66.55

STA 38+50.00, 15.5'RT

PROP TYP "C" MH ON BOX #MH05

TR = 67.26

STA 38+50.00, 5'RT

PROP TYP "C" MH ON BOX #MH05
TR = 67.04

STA 38+93.64, 26.5'RT

PROP TYP "C" MH ON BOX #MH54

TR = 67.37

STA 38+94.00, 40.1'RT

PROP TYP "C" MH #MH55

(REMOVE)

(REMOVE)

(REMOVE)

(REMOVE)
(REMOVE)

(REMOVE)

0

(IN FEET)

10 20 40

1 INCH = 20 FEET

MUHAMMAD ALIBRIAN R. WHITNEY

81591 98146

PROP 6' SIDEWALK

PROP 6" CURB (TYP)

PROP 10' SIDEWALK
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exist. 48" san. exist. 48" san. exist. 48" san.
exist. 48" san.

exist. 6" san.

4-4" ducts

AT&T TEXAS/SWBT
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8-4" ducts
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12-4" ducts
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2-4" ducts
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8-4" ducts
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8-4" ducts

AT&T TEXAS/SWBT
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exist. 16" ci water
exist. 16" ci water
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n-curb

exist. 48" san.

6" san.

exist. 

4" san.

exist. 

(
u
n
a
b
le
 
t
o
 
s
e
e
 
s
iz

e
)

4
8
"
 

w
-
f
l 

5
1
.0

5

6
"
 
s
-
f
l 

5
2
.8

5

6
"
 
s
-
f
l 

6
1
.4

7

4
8
"
 
e
-
f
l 

5
1
.0

7

4
"
 
e
-
f
l 

5
9
.9

5

t
o
p
 
6
6
.8

5

s
a
n
 

m
h

stm.
exist. 18"

san.
exist. 6"

san.
exist. 4"

4
"
 
s
-
f
l 

6
2
.6

9

6
"
 
n
-
f
l 

6
2
.3

8

t
o
p
 
6
7
.5

8

s
a
n
 

m
h

24" \ = 61.22 (NE)

2-10'X10'RCB \ = 49.30 (NW,SE)

STA 37+56.30

PROP TYP "C" MH ON BOX #MH36

@0.10%

PROP 126.5 LF 2-10'x10' RCB

24" \ = 56.82 (NE)

2-10'X10'RCB \ = 49.32 (NW,SE)

STA 37+43.30

PROP TYP "C" MH ON BOX #MH53

 
          @0.10%

PROP 93.5 LF 2-10'x10' RCB

 
          @0.10%

PROP 13 LF 2-10'x10' RCB
          @0.10%

PROP 93.5 LF 2-10'x10' RCB
 

 
 

RCB @0.10%

PROP 43.5 LF 2-10'x10'

24" \ = 56.71 (S)

24" \ = 61.22 (N)

2-10'X10'RCB \ = 49.21 (E,W)

STA 38+50.00

PROP TYP "C" MH ON BOX #MH05

24" \ = 56.67 (S)

24" \ = 61.22 (N)

2-10'X10'RCB \ = 49.17 (E,W)

STA 38+93.80

PROP TYP "C" MH ON BOX #MH54

24" \ = 56.54 (S)

24" \ = 61.22 (N)

2-10'X10'RCB \ = 49.04 (E,W)

STA 40+20.00

PROP TYP "C" MH ON BOX #MH04

RCB @ 0.10%

PROP 30 LF 2-10'x10'

STA = 37+00.00

EL  = 68.13'

STA = 38+50.00

EL  = 67.08'

STA = 39+22.88

EL  = 67.30'
STA = 40+20.00

EL  = 66.72'

37+00 38+00 39+00 40+00

(+)0.30% (N&S) (-)0.70% (N&S)

(-)0.60% (N&S)
(-)0.70% (N&S) (+)0.30% (N&S)

(-)0.60% (N&S) (+)0.30% (N&S)
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LOCKWOOD, ANDREWS & NEWNAM, INC.
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INTERIM REVIEW ONLY

F-2614

PRIVATE UTILITY LINES SHOWN

Date:

Date:

Date:

conduit facilities only.

Approved for AT&T Texas/SWBT underground

SIGNATURE VALID FOR ONE YEAR

(GAS SERVICE LINES ARE NOT SHOWN.) SIGNATURE VALID FOR SIX MONTHS.

LINES CORRECTLY - NOT TO BE USED FOR CONFLICT VERIFICATION.) 

(THIS SIGNATURE VERIFIES THAT YOU HAVE SHOWN CNP NATURAL GAS 

ELECTRICAL FACILITIES VERIFICATION ONLY.

CENTERPOINT ENERGY/UNDERGROUND 

FACILITIES VERIFICATION ONLY.

CENTERPOINT ENERGY/NATURAL GAS

USED FOR CONFLICT VERIFICATION.) SIGNATURE VALID FOR SIX MONTHS.

(THE SIGNATURE VARIFIES EXISTING UNDERGROUND FACILITIES - NOT TO BE 

REDEVELOPMENT AUTHORITY
MEMORIAL CITY

for permit, bidding or construction.

N-T17000-031B-4

MEMORIAL DRIVE

BENCHMARK:

DATED DECEMBER 17,2014.

IN REFERENCE TO THE CORS

* OBSERVED BY GPS SURVEYING AND PROCESSED

(CORS96) (GEOID '12A)*

ELEV. 67.80 FEET  NAVD 1988

OF OLD OAKS DRIVE INTERSECTION.

MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH

A BRASS DISK IN CONCRETE, LOCATED ON

CITY OF HOUSTON MONUMENT ____-____,

1"=40'

1"=4'  

NOTES:

  DRAINAGE DURING CONSTRUCTION.

  UNLESS SHOWN OTHERWISE. MAINTAIN

7.ALL EXISTING STORM SEWER TO BE REMOVED

  FOR MORE INFORMATION.

6.SEE STORM SEWER HORIZONTAL GEOMETRY SHEETS

  MORE INFORMATION.

5.SEE ROADWAY HORIZONTAL GEOMETRY SHEETS FOR

  CONDITIONS USING NFOWORKS SD.

4.PROPOSED HGL CALCULATED FOR POST-PROJECT

  INFORMATION.

3.SEE WATER & SAN SWR SHEETS FOR MORE

  MORE INFORMATION.

2.SEE STORM SEWER LATERALS SHEETS FOR

  NOTED.

1.ALL RCP ARE CLASS III UNLESS OTHERWISE

SEE DRIVEWAY TABULATION & DETAILS SHEETX

LEGEND:

PROPOSED TRAFFIC FLOW

EXISTING TRAFFIC FLOW

N

EXIST ROW

EXIST ROW

MEMORIAL DRIVE

BL MEMORIAL DR.
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STA 40+50 TO STA 45+00

PVMT & STM SWR IMPROVEMENTS

PLAN

TR = 66.74

STA 43+39.00, 7.5'RT

PROP JUNCT. BOX #MH01

TC = 66.51

STA 43+50.00, 32.9'RT

PROP TYP "BB" INLET #B101

TC = 66.51

STA 43+50.00, 28.9'LT

PROP TYP "BB" INLET #B102

PROP 24" RCPPROP 24" RCP

TR = 67.08

STA 41+26.60, 5'RT

PROP TYP "C" MH ON BOX #MH37

TR = 67.19

STA 41+64.50, 5'RT

PROP TYP "C" MH ON BOX #MH38

PROP 2-10'x10' RCB

PROP 24" LEAD

PROP 24" LEADAND REMOVE 

CULV AT JB

CUT 9'X9' REMOVE ABANDONED 24"

FL = 64.50

STA 41+64.50, 53.5'LT

REGRADE DITCH TO RCP STUB #B64

FL = 64.50

STA 41+26.60, 57.5'LT

REGRADE DITCH TO RCP STUB #B63

DRAIN

GRADE TO

(REMOVE)

(REMOVE)

(TO REMAIN)

(TO REMAIN)
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N-T17000-031B-4

MEMORIAL DRIVE

BENCHMARK:

DATED DECEMBER 17,2014.

IN REFERENCE TO THE CORS

* OBSERVED BY GPS SURVEYING AND PROCESSED

(CORS96) (GEOID '12A)*

ELEV. 67.80 FEET  NAVD 1988

OF OLD OAKS DRIVE INTERSECTION.

MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH

A BRASS DISK IN CONCRETE, LOCATED ON

CITY OF HOUSTON MONUMENT ____-____,

1"=40'

1"=4'  

NOTES:

  DRAINAGE DURING CONSTRUCTION.

  UNLESS SHOWN OTHERWISE. MAINTAIN

7.ALL EXISTING STORM SEWER TO BE REMOVED

  FOR MORE INFORMATION.

6.SEE STORM SEWER HORIZONTAL GEOMETRY SHEETS

  MORE INFORMATION.

5.SEE ROADWAY HORIZONTAL GEOMETRY SHEETS FOR

  CONDITIONS USING NFOWORKS SD.

4.PROPOSED HGL CALCULATED FOR POST-PROJECT

  INFORMATION.

3.SEE WATER & SAN SWR SHEETS FOR MORE

  MORE INFORMATION.

2.SEE STORM SEWER LATERALS SHEETS FOR

  NOTED.

1.ALL RCP ARE CLASS III UNLESS OTHERWISE

SEE DRIVEWAY TABULATION & DETAILS SHEETX

LEGEND:

PROPOSED TRAFFIC FLOW

EXISTING TRAFFIC FLOW
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EXIST ROW

EXIST ROW

MEMORIAL DRIVE

BL MEMORIAL DR.
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STA 40+50 TO END PROJECT

PVMT & STM SWR IMPROVEMENTS

PLAN

TR = 67.33

STA 48+00.00, 16.7'RT

PROP TYP "C" MH ON BOX #MH03

TR = 67.57

STA 48+00.00, 4.5'RT

PROP TYP "C" MH ON BOX #MH03

PROP 42" RCP

TR = 67.10

STA 47+50.24, 16.7'RT

PROP TYP "C" MH ON BOX #MH02

TR = 67.34

STA 47+50.24, 4.5'RT

PROP TYP "C" MH ON BOX #MH02

TC = 67.23

STA 47+50.24, 35'LT

PROP TYP "BB" INLET #B134

PROP 24" RCP

PROP 24" RCP

PROP 2-10'x10' RCB

PROP 24" RCP

TR = 67.01

STA 45+23.80, 16.7'RT

PROP TYP "C" MH ON BOX #MH60

TR = 67.47

STA 45+23.80, 49.7'RT

PROP TYP "C" MH #MH61

PROP 24" LEAD

PROP 24" LEAD

PROP 42" RCP

TR = 67.14

STA 48+09.00, 35.2'LT

PROP TYP "C" MH #MH39

TR = 67.46

STA 48+55.80, 35.60'LT

PROP TYP "C" MH #MH41

TR = 67.27

STA 48+27.50, 35.8'LT

PROP TYP "C" MH #MH40

TC = 67.46

STA 47+99.00, 35'RT

PROP TYP "C" INLET W/ EXT #B137

PROP 24" RCP

TR = 66.73

STA 47+50.24, 35'RT

PROP TYP "AZ2G" INLET #B133

(BY OTHERS)

PROP 24" CULV

CONNECT TO
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(
T

O
 

R
E

M
A
I

N
)

(REMOVE)
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PROP 6" CURB (TYP)

PROP 10' SIDEWALK

0

(IN FEET)
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1 INCH = 20 FEET

MUHAMMAD ALIBRIAN R. WHITNEY

81591 98146

PROP 6' SIDEWALK
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12" san.

exist. 

4" plug

exist. 

~

exist. 6" san.

force main
exist. 6" san.

exist. 8" san.

exist. 10" san.

4" san.

exist. 
exist. 4" plug

~

exist. 15" san.

6-4" ducts

AT&T TEXAS/SWBT

14-4" ducts

AT&T TEXAS/SWBT

10-4" ducts

AT&T TEXAS/SWBT

8-4" ducts

AT&T TEXAS/SWBT

2-4" ducts

AT&T TEXAS/SWBT

2-4" ducts

AT&T TEXAS/SWBT

~

15" san.

exist. 

4" plug

exist. 
~

12" san.

exist. 

exist. 16" ci water

exist. 16" ci water

ac water
exist. 8" 

ac water
exist. 8" 

water
exist. 8" 

exist. 24" stm.
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exist. 24"

exist. 36" stm.
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24" rcp
24" rcp

24" rcp

18" rcp

12" rcp

18" rcp
cl-pvmt

n-row

s-ditch

s-ditch

n-curb

n-curb

s-row s-rown-curb

pvc water
exist. 8" 

ci water
exist. 8" 

exist. 24" cmp.

24" \ = 57.41 (N,S)

2-10'X10'RCB \ = 50.13 (E,W)

STA 47+50.24

PROP TYP "C" MH ON BOX #MH02

@0.10%

PROP 226.5 LF 2-10'x10' RCB
  

          @0.10%

PROP 34 LF 2-10'x10' RCB

24" \ = 57.41 (S)

42" \ = 56.00 (N)

2-10'X10'RCB \ = 50.17 (E,W)

STA 47+84.00

PROP TYP "C" MH ON BOX #MH03

24" \ = 57.41 (S)

2-10'X10'RCB \ = 49.91 (E,W)

STA 45+23.80

PROP TYP "C" MH ON BOX #MH60

          @0.10%

PROP 24 LF 2-10'x10' RCB  
@0.10%

PROP 20 LF 2-10'x10' RCB

STA = 46+35.00

EL  = 67.57' STA = 47+50.24

EL  = 67.23'

45+00 46+00 47+00 48+00 49+00

(-)0.30% (N&S)
(+)0.70% (N&S)(-)0.30% (N&S)

(+)0.37% (N&S)

STA = 49+72.82

EL  = 68.79'
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VICINITY MAP (NTS)

MEMORIAL DRIVE 
DRAINAGE & MOBILITY IMPROVEMENT STUDY

EXHIBIT 3.1
PROJECT/ANALYSIS EXTENT

PROPOSED 
PROJECT 
LOCATION

REGIONAL DRAINAGE STUDY
UPDATED MODEL EXTENT

PROPOSED MEMORIAL DRIVE 
DRAINAGE & MOBILITY 
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0 2,600 5,2001,300
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Existing Pipe Outside of Project
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Outfalls on Memorial
Results Points
Existing Pipe
Proposed Pipe

60'' RESTRICTOR

24" RESTRICTOR

Existing 932 932 1087 1133 68.82 68.67 68.42 66.41

Proposed 921 865 1070 1136 68.72 68.57 68.31 66.42
Delta -11 -67 -18 3 -0.10 -0.10 -0.11 -0.01

3 4Description 100-yr Peak Flow (cfs) 100-yr WSEL (ft)
1 2 3 4 1 2

Existing 75
Proposed 65

BW-8 Flow (cfs)

Existing 932
Proposed 865

W153 Flow (cfs)
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TIME 0:00 0:15 0:30 0:45 TOTAL
Date Began: 0:00 0 1 1 2 4

1/13/2015 1:00 0 1 1 1 3
2:00 0 0 0 1 1
3:00 0 1 0 0 1
4:00 0 1 1 1 3
5:00 1 8 8 1 18
6:00 12 14 17 24 67
7:00 37 70 82 51 240
8:00 38 35 40 33 146
9:00 38 42 33 35 148

10:00 32 29 17 27 105
11:00 19 18 34 27 98
12:00 35 25 18 22 100
13:00 25 31 29 27 112
14:00 35 34 34 33 136
15:00 36 44 41 35 156
16:00 38 36 31 34 139
17:00 36 40 55 46 177
18:00 33 34 32 31 130
19:00 23 22 20 20 85
20:00 16 17 14 21 68
21:00 20 12 7 7 46
22:00 11 7 9 5 32
23:00 4 6 2 4 16

   TOTAL: 2031

The A.M. peak hour from 7:15 to 8:15 is 241
The P.M. peak hour from 17:00 to 18:00 is 177

Eastbound Boheme Dr west of Memorial Dr

0

50

100

150

200

250

300

V
O

L
U

M
E

TIME

TIME 0:00 0:15 0:30 0:45 TOTAL
Date Began: 0:00 10 8 4 3 25

1/13/2015 1:00 5 4 3 1 13
2:00 0 1 0 2 3
3:00 4 3 0 2 9
4:00 1 2 2 7 12
5:00 4 17 18 17 56
6:00 43 67 95 92 297
7:00 160 191 254 204 809
8:00 151 181 172 144 648
9:00 164 152 130 125 571

10:00 124 95 107 122 448
11:00 121 108 127 144 500
12:00 126 141 121 135 523
13:00 137 139 158 158 592
14:00 153 173 133 151 610
15:00 117 152 130 131 530
16:00 149 131 136 161 577
17:00 172 171 189 161 693
18:00 154 146 110 115 525
19:00 113 101 87 84 385
20:00 80 84 49 62 275
21:00 47 47 37 23 154
22:00 36 24 22 18 100
23:00 21 17 16 14 68

   TOTAL: 8423

The A.M. peak hour from 7:00 to 8:00 is 809
The P.M. peak hour from 17:00 to 18:00 is 693

Eastbound Memorial Dr west of Benignus
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TIME 0:00 0:15 0:30 0:45 TOTAL
Date Began: 0:00 9 3 4 6 22

1/13/2015 1:00 6 4 0 5 15
2:00 0 1 0 4 5
3:00 3 3 5 1 12
4:00 3 8 7 16 34
5:00 15 30 37 42 124
6:00 73 82 126 153 434
7:00 211 285 331 327 1154
8:00 272 262 236 217 987
9:00 233 202 174 172 781

10:00 150 148 149 142 589
11:00 141 157 159 172 629
12:00 150 153 183 149 635
13:00 172 160 180 197 709
14:00 192 167 178 170 707
15:00 173 170 170 164 677
16:00 152 187 202 212 753
17:00 213 237 256 225 931
18:00 212 200 163 137 712
19:00 120 92 92 141 445
20:00 107 152 88 84 431
21:00 60 33 29 36 158
22:00 32 28 29 7 96
23:00 13 14 10 10 47

   TOTAL: 11087

The A.M. peak hour from 7:15 to 8:15 is 1215
The P.M. peak hour from 17:00 to 18:00 is 931

Eastbound Memorial Dr west of Beltway 8
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TIME 0:00 0:15 0:30 0:45 TOTAL
Date Began: 0:00 8 8 4 4 24

1/13/2015 1:00 4 4 3 1 12
2:00 0 1 2 1 4
3:00 3 3 0 1 7
4:00 1 4 4 6 15
5:00 6 11 16 17 50
6:00 36 50 69 84 239
7:00 131 176 196 193 696
8:00 155 194 158 145 652
9:00 150 125 103 106 484

10:00 105 91 114 106 416
11:00 110 109 115 126 460
12:00 112 123 112 128 475
13:00 118 122 133 140 513
14:00 117 153 129 136 535
15:00 118 122 128 156 524
16:00 139 144 125 148 556
17:00 161 159 180 143 643
18:00 153 136 105 110 504
19:00 101 85 79 63 328
20:00 84 79 39 53 255
21:00 44 45 30 29 148
22:00 33 21 19 16 89
23:00 15 17 12 11 55

   TOTAL: 7684

The A.M. peak hour from 7:30 to 8:30 is 738
The P.M. peak hour from 16:45 to 17:45 is 648

Eastbound Memorial Dr west of Gessner Rd
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TIME 0:00 0:15 0:30 0:45 TOTAL
Date Began: 0:00 10 9 5 3 27

1/13/2015 1:00 6 4 3 3 16
2:00 0 0 0 3 3
3:00 4 4 1 2 11
4:00 2 1 4 11 18
5:00 6 14 19 16 55
6:00 43 55 93 102 293
7:00 153 199 245 211 808
8:00 162 184 184 156 686
9:00 184 169 157 151 661

10:00 134 129 115 132 510
11:00 140 126 140 163 569
12:00 155 154 121 148 578
13:00 147 149 165 167 628
14:00 158 185 155 180 678
15:00 157 155 151 156 619
16:00 171 143 159 173 646
17:00 189 182 206 179 756
18:00 182 160 145 125 612
19:00 114 106 92 97 409
20:00 84 92 65 67 308
21:00 60 53 41 26 180
22:00 40 25 25 19 109
23:00 24 21 17 15 77

   TOTAL: 9257

The A.M. peak hour from 7:15 to 8:15 is 817
The P.M. peak hour from 17:00 to 18:00 is 756

Eastbound Memorial Dr west of Hollow Dr
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TIME 0:00 0:15 0:30 0:45 TOTAL
Date Began: 0:00 10 9 3 3 25

1/13/2015 1:00 8 6 2 2 18
2:00 5 0 1 5 11
3:00 2 4 1 2 9
4:00 0 5 5 9 19
5:00 9 16 21 19 65
6:00 35 57 76 95 263
7:00 120 154 173 202 649
8:00 151 180 153 171 655
9:00 170 152 132 131 585

10:00 114 116 111 125 466
11:00 109 104 135 145 493
12:00 123 115 114 135 487
13:00 133 131 128 150 542
14:00 142 127 122 146 537
15:00 122 147 128 143 540
16:00 121 148 138 136 543
17:00 137 135 153 165 590
18:00 144 154 128 120 546
19:00 112 83 89 87 371
20:00 63 93 59 57 272
21:00 51 35 33 32 151
22:00 30 17 27 11 85
23:00 21 15 14 14 64

   TOTAL: 7986

The A.M. peak hour from 7:30 to 8:30 is 706
The P.M. peak hour from 17:30 to 18:30 is 616

Eastbound Memorial Dr west of Bough Ln
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TIME 0:00 0:15 0:30 0:45 TOTAL
Date Began: 0:00 0 0 0 0 0

1/13/2015 1:00 0 0 2 0 2
2:00 0 0 1 0 1
3:00 0 0 0 0 0
4:00 0 0 0 1 1
5:00 0 0 0 0 0
6:00 1 0 1 4 6
7:00 9 17 13 21 60
8:00 17 8 3 7 35
9:00 9 6 6 4 25

10:00 8 4 10 3 25
11:00 5 7 3 7 22
12:00 7 3 5 4 19
13:00 4 7 6 4 21
14:00 7 8 8 5 28
15:00 11 13 5 10 39
16:00 12 9 8 13 42
17:00 13 21 16 23 73
18:00 14 7 3 8 32
19:00 6 2 3 0 11
20:00 6 2 3 0 11
21:00 0 1 2 1 4
22:00 0 1 0 1 2
23:00 0 0 0 1 1

   TOTAL: 460

The A.M. peak hour from 7:15 to 8:15 is 68
The P.M. peak hour from 17:15 to 18:15 is 74

Northbound Broken Bough Dr south of Memorial D
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TIME 0:00 0:15 0:30 0:45 TOTAL
Date Began: 0:00 54 51 44 33 182

1/13/2015 1:00 31 24 38 16 109
2:00 27 30 22 21 100
3:00 39 31 55 60 185
4:00 61 104 153 206 524
5:00 166 322 401 476 1365
6:00 411 553 609 658 2231
7:00 614 571 660 635 2480
8:00 588 618 564 552 2322
9:00 478 519 490 477 1964

10:00 425 376 362 421 1584
11:00 439 463 477 465 1844
12:00 412 395 444 447 1698
13:00 413 453 459 414 1739
14:00 405 499 481 499 1884
15:00 550 537 540 594 2221
16:00 585 612 606 578 2381
17:00 596 521 589 571 2277
18:00 571 572 565 482 2190
19:00 444 435 347 304 1530
20:00 266 293 256 192 1007
21:00 229 223 217 175 844
22:00 145 122 158 128 553
23:00 124 77 71 62 334

   TOTAL: 33548

The A.M. peak hour from 6:45 to 7:45 is 2503
The P.M. peak hour from 15:45 to 16:45 is 2397

Northbound Beltway 8 south of Memorial Dr
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TIME 0:00 0:15 0:30 0:45 TOTAL
Date Began: 0:00 16 15 9 22 62

1/13/2015 1:00 15 7 8 7 37
2:00 8 10 1 8 27
3:00 6 5 11 13 35
4:00 9 22 24 23 78
5:00 32 57 89 83 261
6:00 106 149 223 245 723
7:00 244 239 291 281 1055
8:00 266 271 229 244 1010
9:00 237 206 214 186 843

10:00 175 177 163 164 679
11:00 154 196 170 203 723
12:00 180 174 190 193 737
13:00 211 212 180 214 817
14:00 200 196 207 216 819
15:00 199 198 247 233 877
16:00 251 277 299 271 1098
17:00 293 290 272 265 1120
18:00 211 261 244 211 927
19:00 231 200 144 131 706
20:00 103 84 85 76 348
21:00 96 95 72 79 342
22:00 70 75 39 38 222
23:00 33 32 22 26 113

   TOTAL: 13659

The A.M. peak hour from 7:30 to 8:30 is 1109
The P.M. peak hour from 16:30 to 17:30 is 1153

Northbound Gessner Rd south of Memorial Dr

0

200

400

600

800

1000

1200

V
O

L
U

M
E

TIME

TIME 0:00 0:15 0:30 0:45 TOTAL
Date Began: 0:00 0 1 1 0 2

1/13/2015 1:00 0 0 0 0 0
2:00 0 0 3 0 3
3:00 0 0 0 0 0
4:00 0 0 1 1 2
5:00 1 3 2 3 9
6:00 2 1 9 13 25
7:00 14 8 32 45 99
8:00 57 54 27 13 151
9:00 19 19 19 20 77

10:00 14 19 28 27 88
11:00 24 20 24 30 98
12:00 32 19 24 18 93
13:00 16 16 24 23 79
14:00 26 31 37 36 130
15:00 33 33 68 58 192
16:00 50 55 52 54 211
17:00 63 52 63 53 231
18:00 50 28 36 30 144
19:00 35 10 15 18 78
20:00 15 14 7 6 42
21:00 15 9 2 3 29
22:00 8 2 4 2 16
23:00 1 3 1 1 6

   TOTAL: 1805

The A.M. peak hour from 7:30 to 8:30 is 188
The P.M. peak hour from 16:45 to 17:45 is 232

Southbound Benignus Rd north of Memorial D
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TIME 0:00 0:15 0:30 0:45 TOTAL
Date Began: 0:00 91 78 53 53 275

1/13/2015 1:00 34 48 50 33 165
2:00 50 58 35 38 181
3:00 45 31 66 48 190
4:00 34 49 103 88 274
5:00 78 137 209 227 651
6:00 296 382 405 380 1463
7:00 392 445 492 521 1850
8:00 483 492 536 461 1972
9:00 451 428 364 382 1625

10:00 366 322 339 338 1365
11:00 329 364 386 405 1484
12:00 366 408 461 430 1665
13:00 416 440 412 408 1676
14:00 416 441 469 485 1811
15:00 470 514 587 579 2150
16:00 654 596 650 568 2468
17:00 639 530 610 522 2301
18:00 622 571 558 466 2217
19:00 497 492 416 329 1734
20:00 307 302 238 259 1106
21:00 297 256 244 227 1024
22:00 261 172 155 111 699
23:00 123 124 112 111 470

   TOTAL: 30816

The A.M. peak hour from 7:45 to 8:45 is 2032
The P.M. peak hour from 15:45 to 16:45 is 2479

Southbound Beltway 8 north of Memorial Dr
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TIME 0:00 0:15 0:30 0:45 TOTAL
Date Began: 0:00 37 47 29 15 128

1/13/2015 1:00 18 17 15 8 58
2:00 12 9 10 7 38
3:00 8 4 4 6 22
4:00 10 9 18 21 58
5:00 15 35 48 63 161
6:00 63 108 127 143 441
7:00 132 163 207 237 739
8:00 212 173 216 190 791
9:00 191 191 206 175 763

10:00 164 164 177 183 688
11:00 178 204 184 186 752
12:00 237 197 207 203 844
13:00 189 205 185 214 793
14:00 220 229 205 253 907
15:00 258 271 264 243 1036
16:00 315 303 309 283 1210
17:00 311 313 284 285 1193
18:00 279 269 275 225 1048
19:00 226 191 181 159 757
20:00 136 158 163 154 611
21:00 183 170 126 124 603
22:00 121 103 84 73 381
23:00 69 58 50 35 212

   TOTAL: 14234

The A.M. peak hour from 7:45 to 8:45 is 838
The P.M. peak hour from 16:30 to 17:30 is 1216

Southbound Gessner Rd north of Memorial D
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TIME 0:00 0:15 0:30 0:45 TOTAL
Date Began: 0:00 9 9 4 5 27

1/13/2015 1:00 7 6 4 3 20
2:00 0 0 1 4 5
3:00 1 3 1 3 8
4:00 3 1 5 9 18
5:00 7 11 16 16 50
6:00 34 51 77 81 243
7:00 116 142 163 173 594
8:00 136 172 157 151 616
9:00 165 150 133 120 568

10:00 115 107 115 130 467
11:00 130 126 136 163 555
12:00 139 138 120 140 537
13:00 141 148 145 161 595
14:00 157 176 152 165 650
15:00 140 136 147 143 566
16:00 158 136 160 158 612
17:00 176 159 195 173 703
18:00 180 160 147 120 607
19:00 124 105 92 94 415
20:00 69 91 63 69 292
21:00 60 39 45 30 174
22:00 38 17 29 19 103
23:00 22 17 15 16 70

   TOTAL: 8495

The A.M. peak hour from 8:15 to 9:15 is 645
The P.M. peak hour from 17:30 to 18:30 is 708

Southbound Memorial Dr north of Boheme Dr

0

100

200

300

400

500

600

700

800

V
O

L
U

M
E

TIME

TIME 0:00 0:15 0:30 0:45 TOTAL
Date Began: 0:00 2 1 2 0 5

1/13/2015 1:00 0 1 2 1 4
2:00 1 0 0 1 2
3:00 0 1 1 0 2
4:00 3 0 1 1 5
5:00 0 2 2 1 5
6:00 4 4 9 10 27
7:00 18 14 30 27 89
8:00 38 58 22 21 139
9:00 41 34 31 30 136

10:00 28 27 48 41 144
11:00 43 43 35 60 181
12:00 72 57 62 54 245
13:00 41 61 60 58 220
14:00 76 64 71 56 267
15:00 67 58 80 71 276
16:00 85 62 87 75 309
17:00 87 69 91 75 322
18:00 71 58 54 38 221
19:00 44 45 29 25 143
20:00 29 18 24 30 101
21:00 17 13 17 11 58
22:00 14 6 4 6 30
23:00 5 1 2 2 10

   TOTAL: 2941

The A.M. peak hour from 7:30 to 8:30 is 153
The P.M. peak hour from 17:00 to 18:00 is 322

Southbound W. Bough Ln north of Memorial D

0

50

100

150

200

250

300

350

V
O

L
U

M
E

TIME

TIME 0:00 0:15 0:30 0:45 TOTAL
Date Began: 0:00 10 6 5 3 24

1/13/2015 1:00 4 4 4 2 14
2:00 3 0 3 1 7
3:00 4 4 2 1 11
4:00 3 7 16 16 42
5:00 18 15 14 13 60
6:00 32 29 46 63 170
7:00 85 104 132 138 459
8:00 146 138 120 135 539
9:00 134 119 115 119 487

10:00 85 113 109 129 436
11:00 160 140 145 171 616
12:00 213 193 201 202 809
13:00 202 210 158 186 756
14:00 206 203 204 217 830
15:00 235 234 279 293 1041
16:00 246 324 314 297 1181
17:00 316 325 298 281 1220
18:00 283 304 247 231 1065
19:00 250 175 134 116 675
20:00 126 108 92 77 403
21:00 84 70 60 69 283
22:00 57 43 23 17 140
23:00 26 29 16 8 79

   TOTAL: 11347

The A.M. peak hour from 7:30 to 8:30 is 554
The P.M. peak hour from 16:30 to 17:30 is 1252

Westbound Memorial Dr east of Beltway 8
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TIME 0:00 0:15 0:30 0:45 TOTAL
Date Began: 0:00 8 5 5 3 21

1/13/2015 1:00 1 1 5 3 10
2:00 0 0 1 0 1
3:00 1 0 0 4 5
4:00 0 2 0 5 7
5:00 4 10 9 11 34
6:00 14 17 43 47 121
7:00 51 81 126 164 422
8:00 148 80 76 75 379
9:00 83 84 71 87 325

10:00 67 72 63 68 270
11:00 79 76 97 102 354
12:00 107 78 90 86 361
13:00 99 84 95 93 371
14:00 85 106 109 116 416
15:00 173 165 156 134 628
16:00 160 159 200 195 714
17:00 214 230 224 228 896
18:00 199 203 139 126 667
19:00 106 83 69 58 316
20:00 59 47 60 35 201
21:00 33 36 23 26 118
22:00 19 10 9 9 47
23:00 7 6 7 1 21

   TOTAL: 6705

The A.M. peak hour from 7:15 to 8:15 is 519
The P.M. peak hour from 17:00 to 18:00 is 896

Westbound Memorial Dr east of Gessner Dr
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TIME 0:00 0:15 0:30 0:45 TOTAL
Date Began: 0:00 8 12 7 4 31

1/15/2015 1:00 1 1 2 1 5
2:00 5 1 3 3 12
3:00 3 0 5 0 8
4:00 2 4 2 5 13
5:00 7 11 22 21 61
6:00 45 63 93 122 323
7:00 142 212 265 228 847
8:00 202 228 197 178 805
9:00 155 157 150 125 587

10:00 125 124 136 115 500
11:00 135 151 136 151 573
12:00 149 158 126 150 583
13:00 175 172 142 172 661
14:00 147 158 161 190 656
15:00 134 162 148 176 620
16:00 169 156 170 168 663
17:00 186 183 178 207 754
18:00 194 191 160 128 673
19:00 122 115 106 75 418
20:00 80 69 64 65 278
21:00 53 53 49 38 193
22:00 37 38 29 36 140
23:00 16 20 10 6 52

   TOTAL: 9456

The A.M. peak hour from 7:30 to 8:30 is 923
The P.M. peak hour from 17:30 to 18:30 is 770

Westbound Memorial Dr east of Hollow Dr
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TIME 0:00 0:15 0:30 0:45 TOTAL
Date Began: 0:00 7 4 6 2 19

1/13/2015 1:00 3 2 3 1 9
2:00 2 0 2 0 4
3:00 6 3 2 1 12
4:00 0 8 16 18 42
5:00 20 16 13 17 66
6:00 32 40 43 74 189
7:00 76 106 123 156 461
8:00 165 128 129 152 574
9:00 134 114 118 136 502

10:00 91 115 110 122 438
11:00 149 143 143 179 614
12:00 185 166 182 164 697
13:00 195 167 150 202 714
14:00 171 180 178 205 734
15:00 201 206 268 248 923
16:00 246 287 291 300 1124
17:00 297 310 316 305 1228
18:00 283 293 246 188 1010
19:00 197 155 107 99 558
20:00 89 89 82 58 318
21:00 72 47 47 49 215
22:00 41 33 20 9 103
23:00 16 18 11 5 50

   TOTAL: 10604

The A.M. peak hour from 7:45 to 8:45 is 578
The P.M. peak hour from 17:00 to 18:00 is 1228

Westbound Memorial Dr east of W. Bough Ln
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TIME 0:00 0:15 0:30 0:45 TOTAL
Date Began: 0:00 9 10 6 4 29

1/13/2015 1:00 5 4 3 1 13
2:00 0 1 1 1 3
3:00 3 2 0 1 6
4:00 1 4 4 7 16
5:00 6 13 21 23 63
6:00 45 59 80 96 280
7:00 162 205 289 222 878
8:00 189 221 187 154 751
9:00 167 149 127 128 571

10:00 122 108 130 123 483
11:00 128 119 130 142 519
12:00 137 145 127 138 547
13:00 132 138 165 160 595
14:00 145 188 146 157 636
15:00 132 152 164 167 615
16:00 162 163 156 168 649
17:00 188 180 206 159 733
18:00 178 148 121 130 577
19:00 119 99 95 85 398
20:00 95 86 50 67 298
21:00 49 57 31 35 172
22:00 36 23 22 21 102
23:00 21 17 15 13 66

   TOTAL: 9000

The A.M. peak hour from 7:30 to 8:30 is 921
The P.M. peak hour from 16:45 to 17:45 is 742

Westbound Memorial Dr west of Benignus Rd
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C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Beltway 8 SBFR
Site Code:
Start Date: 01/21/2015
Page No: 1

Turning Movement Data

Start Time

Beltway 8 SBFR Memorial Dr Beltway 8 SBFR Memorial Dr

Southbound Westbound Northbound Eastbound

Left Thru Right U-Turn Peds App. Total Left Thru U-Turn Peds App. Total Left Right U-Turn Peds App. Total Thru Right U-Turn Peds App. Total Int. Total

6:30 AM 18 267 22 4 0 311 10 60 0 0 70 0 0 0 0 0 91 40 0 0 131 512

6:45 AM 17 326 23 7 0 373 20 83 0 0 103 0 0 0 0 0 102 46 0 0 148 624

Hourly Total 35 593 45 11 0 684 30 143 0 0 173 0 0 0 0 0 193 86 0 0 279 1136

7:00 AM 24 275 13 1 0 313 15 79 0 0 94 0 0 0 0 0 168 63 0 0 231 638

7:15 AM 23 385 22 4 2 434 28 107 0 0 135 0 0 0 0 0 195 79 0 1 274 843

7:30 AM 31 342 31 9 0 413 39 98 0 0 137 0 0 0 0 0 268 96 0 0 364 914

7:45 AM 37 365 36 5 0 443 42 119 0 0 161 0 0 0 0 0 266 85 0 0 351 955

Hourly Total 115 1367 102 19 2 1603 124 403 0 0 527 0 0 0 0 0 897 323 0 1 1220 3350

8:00 AM 31 329 24 5 0 389 35 122 0 0 157 0 0 0 0 0 270 72 0 0 342 888

8:15 AM 35 397 47 7 0 486 37 112 0 0 149 0 0 0 0 0 209 74 0 0 283 918

*** BREAK *** - - - - - - - - - - - - - - - - - - - - - -

Hourly Total 66 726 71 12 0 875 72 234 0 0 306 0 0 0 0 0 479 146 0 0 625 1806

4:00 PM 32 397 78 5 0 512 62 218 0 0 280 0 0 0 0 0 160 51 0 0 211 1003

4:15 PM 30 479 74 3 0 586 61 204 0 0 265 0 0 0 0 0 127 42 0 0 169 1020

4:30 PM 26 420 69 3 0 518 68 285 0 0 353 0 0 0 2 0 146 49 0 0 195 1066

4:45 PM 37 449 71 6 2 563 68 238 0 0 306 0 0 0 0 0 129 57 0 0 186 1055

Hourly Total 125 1745 292 17 2 2179 259 945 0 0 1204 0 0 0 2 0 562 199 0 0 761 4144

5:00 PM 19 408 66 5 0 498 75 288 0 0 363 0 0 0 0 0 195 92 0 0 287 1148

5:15 PM 27 483 61 3 0 574 58 253 0 0 311 0 0 0 0 0 155 94 0 0 249 1134

5:30 PM 27 402 69 1 0 499 74 296 0 0 370 0 0 0 0 0 202 85 0 0 287 1156

5:45 PM 26 471 70 1 0 568 47 254 0 0 301 0 0 0 0 0 163 69 0 0 232 1101

Hourly Total 99 1764 266 10 0 2139 254 1091 0 0 1345 0 0 0 0 0 715 340 0 0 1055 4539

Grand Total 440 6195 776 69 4 7480 739 2816 0 0 3555 0 0 0 2 0 2846 1094 0 1 3940 14975

Approach % 5.9 82.8 10.4 0.9 - - 20.8 79.2 0.0 - - NaN NaN NaN - - 72.2 27.8 0.0 - - -

Total % 2.9 41.4 5.2 0.5 - 49.9 4.9 18.8 0.0 - 23.7 0.0 0.0 0.0 - 0.0 19.0 7.3 0.0 - 26.3 -

All Vehicles (no
classification) 440 6195 776 69 - 7480 739 2816 0 - 3555 0 0 0 - 0 2846 1094 0 - 3940 14975

% All Vehicles (no
classification) 100.0 100.0 100.0 100.0 - 100.0 100.0 100.0 - - 100.0 - - - - - 100.0 100.0 - - 100.0 100.0

Pedestrians - - - - 4 - - - - 0 - - - - 2 - - - - 1 - -

% Pedestrians - - - - 100.0 - - - - - - - - - 100.0 - - - - 100.0 - -

C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Beltway 8 SBFR
Site Code:
Start Date: 01/21/2015
Page No: 2

01/21/2015 6:30 AM
Ending At
01/21/2015 6:00 PM

All Vehicles (no
classification)
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Beltway 8 SBFR [SB]
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C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Beltway 8 SBFR
Site Code:
Start Date: 01/21/2015
Page No: 3

Turning Movement Peak Hour Data (7:30 AM)

Start Time

Beltway 8 SBFR Memorial Dr Beltway 8 SBFR Memorial Dr

Southbound Westbound Northbound Eastbound

Left Thru Right U-Turn Peds App. Total Left Thru U-Turn Peds App. Total Left Right U-Turn Peds App. Total Thru Right U-Turn Peds App. Total Int. Total

7:30 AM 31 342 31 9 0 413 39 98 0 0 137 0 0 0 0 0 268 96 0 0 364 914

7:45 AM 37 365 36 5 0 443 42 119 0 0 161 0 0 0 0 0 266 85 0 0 351 955

8:00 AM 31 329 24 5 0 389 35 122 0 0 157 0 0 0 0 0 270 72 0 0 342 888

8:15 AM 35 397 47 7 0 486 37 112 0 0 149 0 0 0 0 0 209 74 0 0 283 918

Total 134 1433 138 26 0 1731 153 451 0 0 604 0 0 0 0 0 1013 327 0 0 1340 3675

Approach % 7.7 82.8 8.0 1.5 - - 25.3 74.7 0.0 - - NaN NaN NaN - - 75.6 24.4 0.0 - - -

Total % 3.6 39.0 3.8 0.7 - 47.1 4.2 12.3 0.0 - 16.4 0.0 0.0 0.0 - 0.0 27.6 8.9 0.0 - 36.5 -

PHF 0.905 0.902 0.734 0.722 - 0.890 0.911 0.924 0.000 - 0.938 0.000 0.000 0.000 - 0.000 0.938 0.852 0.000 - 0.920 0.962

All Vehicles (no
classification) 134 1433 138 26 - 1731 153 451 0 - 604 0 0 0 - 0 1013 327 0 - 1340 3675

% All Vehicles (no
classification) 100.0 100.0 100.0 100.0 - 100.0 100.0 100.0 - - 100.0 - - - - - 100.0 100.0 - - 100.0 100.0

Pedestrians - - - - 0 - - - - 0 - - - - 0 - - - - 0 - -

% Pedestrians - - - - - - - - - - - - - - - - - - - - - -

C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Beltway 8 SBFR
Site Code:
Start Date: 01/21/2015
Page No: 4

Peak Hour Data

01/21/2015 7:30 AM
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01/21/2015 8:30 AM
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C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Beltway 8 SBFR
Site Code:
Start Date: 01/21/2015
Page No: 5

Turning Movement Peak Hour Data (5:00 PM)

Start Time

Beltway 8 SBFR Memorial Dr Beltway 8 SBFR Memorial Dr

Southbound Westbound Northbound Eastbound

Left Thru Right U-Turn Peds App. Total Left Thru U-Turn Peds App. Total Left Right U-Turn Peds App. Total Thru Right U-Turn Peds App. Total Int. Total

5:00 PM 19 408 66 5 0 498 75 288 0 0 363 0 0 0 0 0 195 92 0 0 287 1148

5:15 PM 27 483 61 3 0 574 58 253 0 0 311 0 0 0 0 0 155 94 0 0 249 1134

5:30 PM 27 402 69 1 0 499 74 296 0 0 370 0 0 0 0 0 202 85 0 0 287 1156

5:45 PM 26 471 70 1 0 568 47 254 0 0 301 0 0 0 0 0 163 69 0 0 232 1101

Total 99 1764 266 10 0 2139 254 1091 0 0 1345 0 0 0 0 0 715 340 0 0 1055 4539

Approach % 4.6 82.5 12.4 0.5 - - 18.9 81.1 0.0 - - NaN NaN NaN - - 67.8 32.2 0.0 - - -

Total % 2.2 38.9 5.9 0.2 - 47.1 5.6 24.0 0.0 - 29.6 0.0 0.0 0.0 - 0.0 15.8 7.5 0.0 - 23.2 -

PHF 0.917 0.913 0.950 0.500 - 0.932 0.847 0.921 0.000 - 0.909 0.000 0.000 0.000 - 0.000 0.885 0.904 0.000 - 0.919 0.982

All Vehicles (no
classification) 99 1764 266 10 - 2139 254 1091 0 - 1345 0 0 0 - 0 715 340 0 - 1055 4539

% All Vehicles (no
classification) 100.0 100.0 100.0 100.0 - 100.0 100.0 100.0 - - 100.0 - - - - - 100.0 100.0 - - 100.0 100.0

Pedestrians - - - - 0 - - - - 0 - - - - 0 - - - - 0 - -

% Pedestrians - - - - - - - - - - - - - - - - - - - - - -

C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Beltway 8 SBFR
Site Code:
Start Date: 01/21/2015
Page No: 6

Peak Hour Data

01/21/2015 5:00 PM
Ending At
01/21/2015 6:00 PM

All Vehicles (no
classification)
Pedestrians

Beltway 8 SBFR [SB]
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Turning Movement Peak Hour Data Plot (5:00 PM)



C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Beltway 8 NBFR
Site Code:
Start Date: 01/21/2015
Page No: 1

Turning Movement Data

Start Time

Beltway 8 NBFR Memorial Dr Beltway 8 NBFR Memorial Dr

Southbound Westbound Northbound Eastbound

Left Right U-Turn Peds App. Total Thru Right U-Turn Peds App. Total Left Thru Right U-Turn Peds App. Total Left Thru U-Turn Peds App. Total Int. Total

6:30 AM 0 0 0 0 0 37 12 0 0 49 38 570 24 0 0 632 32 62 0 0 94 775

6:45 AM 0 0 0 0 0 64 22 0 0 86 33 481 37 5 0 556 54 83 0 0 137 779

Hourly Total 0 0 0 0 0 101 34 0 0 135 71 1051 61 5 0 1188 86 145 0 0 231 1554

7:00 AM 0 0 0 0 0 45 22 0 0 67 50 579 24 3 0 656 59 116 0 0 175 898

7:15 AM 0 0 0 0 0 96 43 0 0 139 42 505 34 4 0 585 89 151 0 0 240 964

7:30 AM 0 0 0 0 0 91 37 0 0 128 45 543 35 2 0 625 89 186 0 0 275 1028

7:45 AM 0 0 0 0 0 129 47 0 0 176 44 485 39 1 0 569 115 218 0 0 333 1078

Hourly Total 0 0 0 0 0 361 149 0 0 510 181 2112 132 10 0 2435 352 671 0 0 1023 3968

8:00 AM 0 0 0 0 0 100 26 1 0 127 45 517 31 4 0 597 97 172 0 0 269 993

8:15 AM 0 0 0 0 0 106 36 0 0 142 52 465 46 4 0 567 82 179 1 0 262 971

*** BREAK *** - - - - - - - - - - - - - - - - - - - - - -

Hourly Total 0 0 0 0 0 206 62 1 0 269 97 982 77 8 0 1164 179 351 1 0 531 1964

4:00 PM 0 0 0 0 0 208 42 0 0 250 54 438 35 7 0 534 55 122 0 0 177 961

4:15 PM 0 0 0 0 0 226 36 0 0 262 55 435 33 5 0 528 52 120 0 0 172 962

4:30 PM 0 0 0 0 0 239 28 0 0 267 77 473 33 5 0 588 42 113 0 0 155 1010

4:45 PM 0 0 0 1 0 271 39 0 0 310 59 378 47 3 0 487 49 138 0 0 187 984

Hourly Total 0 0 0 1 0 944 145 0 0 1089 245 1724 148 20 0 2137 198 493 0 0 691 3917

5:00 PM 0 0 0 0 0 260 33 0 0 293 73 468 35 2 0 578 60 128 0 0 188 1059

5:15 PM 0 0 0 3 0 292 24 0 0 316 48 383 55 1 0 487 61 148 0 1 209 1012

5:30 PM 0 0 0 0 0 255 18 0 2 273 69 433 45 4 0 551 60 142 0 0 202 1026

5:45 PM 0 0 0 0 0 273 37 0 0 310 59 420 36 3 0 518 63 148 0 0 211 1039

Hourly Total 0 0 0 3 0 1080 112 0 2 1192 249 1704 171 10 0 2134 244 566 0 1 810 4136

Grand Total 0 0 0 4 0 2692 502 1 2 3195 843 7573 589 53 0 9058 1059 2226 1 1 3286 15539

Approach % NaN NaN NaN - - 84.3 15.7 0.0 - - 9.3 83.6 6.5 0.6 - - 32.2 67.7 0.0 - - -

Total % 0.0 0.0 0.0 - 0.0 17.3 3.2 0.0 - 20.6 5.4 48.7 3.8 0.3 - 58.3 6.8 14.3 0.0 - 21.1 -

All Vehicles (no
classification) 0 0 0 - 0 2692 502 1 - 3195 843 7573 589 53 - 9058 1059 2226 1 - 3286 15539

% All Vehicles (no
classification) - - - - - 100.0 100.0 100.0 - 100.0 100.0 100.0 100.0 100.0 - 100.0 100.0 100.0 100.0 - 100.0 100.0

Pedestrians - - - 4 - - - - 2 - - - - - 0 - - - - 1 - -

% Pedestrians - - - 100.0 - - - - 100.0 - - - - - - - - - - 100.0 - -
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Turning Movement Data Plot



C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Beltway 8 NBFR
Site Code:
Start Date: 01/21/2015
Page No: 3

Turning Movement Peak Hour Data (7:30 AM)

Start Time

Beltway 8 NBFR Memorial Dr Beltway 8 NBFR Memorial Dr

Southbound Westbound Northbound Eastbound

Left Right U-Turn Peds App. Total Thru Right U-Turn Peds App. Total Left Thru Right U-Turn Peds App. Total Left Thru U-Turn Peds App. Total Int. Total

7:30 AM 0 0 0 0 0 91 37 0 0 128 45 543 35 2 0 625 89 186 0 0 275 1028

7:45 AM 0 0 0 0 0 129 47 0 0 176 44 485 39 1 0 569 115 218 0 0 333 1078

8:00 AM 0 0 0 0 0 100 26 1 0 127 45 517 31 4 0 597 97 172 0 0 269 993

8:15 AM 0 0 0 0 0 106 36 0 0 142 52 465 46 4 0 567 82 179 1 0 262 971

Total 0 0 0 0 0 426 146 1 0 573 186 2010 151 11 0 2358 383 755 1 0 1139 4070

Approach % NaN NaN NaN - - 74.3 25.5 0.2 - - 7.9 85.2 6.4 0.5 - - 33.6 66.3 0.1 - - -

Total % 0.0 0.0 0.0 - 0.0 10.5 3.6 0.0 - 14.1 4.6 49.4 3.7 0.3 - 57.9 9.4 18.6 0.0 - 28.0 -

PHF 0.000 0.000 0.000 - 0.000 0.826 0.777 0.250 - 0.814 0.894 0.925 0.821 0.688 - 0.943 0.833 0.866 0.250 - 0.855 0.944

All Vehicles (no
classification) 0 0 0 - 0 426 146 1 - 573 186 2010 151 11 - 2358 383 755 1 - 1139 4070

% All Vehicles (no
classification) - - - - - 100.0 100.0 100.0 - 100.0 100.0 100.0 100.0 100.0 - 100.0 100.0 100.0 100.0 - 100.0 100.0

Pedestrians - - - 0 - - - - 0 - - - - - 0 - - - - 0 - -

% Pedestrians - - - - - - - - - - - - - - - - - - - - - -
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Turning Movement Peak Hour Data Plot (7:30 AM)



C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Beltway 8 NBFR
Site Code:
Start Date: 01/21/2015
Page No: 5

Turning Movement Peak Hour Data (5:00 PM)

Start Time

Beltway 8 NBFR Memorial Dr Beltway 8 NBFR Memorial Dr

Southbound Westbound Northbound Eastbound

Left Right U-Turn Peds App. Total Thru Right U-Turn Peds App. Total Left Thru Right U-Turn Peds App. Total Left Thru U-Turn Peds App. Total Int. Total

5:00 PM 0 0 0 0 0 260 33 0 0 293 73 468 35 2 0 578 60 128 0 0 188 1059

5:15 PM 0 0 0 3 0 292 24 0 0 316 48 383 55 1 0 487 61 148 0 1 209 1012

5:30 PM 0 0 0 0 0 255 18 0 2 273 69 433 45 4 0 551 60 142 0 0 202 1026

5:45 PM 0 0 0 0 0 273 37 0 0 310 59 420 36 3 0 518 63 148 0 0 211 1039

Total 0 0 0 3 0 1080 112 0 2 1192 249 1704 171 10 0 2134 244 566 0 1 810 4136

Approach % NaN NaN NaN - - 90.6 9.4 0.0 - - 11.7 79.9 8.0 0.5 - - 30.1 69.9 0.0 - - -

Total % 0.0 0.0 0.0 - 0.0 26.1 2.7 0.0 - 28.8 6.0 41.2 4.1 0.2 - 51.6 5.9 13.7 0.0 - 19.6 -

PHF 0.000 0.000 0.000 - 0.000 0.925 0.757 0.000 - 0.943 0.853 0.910 0.777 0.625 - 0.923 0.968 0.956 0.000 - 0.960 0.976

All Vehicles (no
classification) 0 0 0 - 0 1080 112 0 - 1192 249 1704 171 10 - 2134 244 566 0 - 810 4136

% All Vehicles (no
classification) - - - - - 100.0 100.0 - - 100.0 100.0 100.0 100.0 100.0 - 100.0 100.0 100.0 - - 100.0 100.0

Pedestrians - - - 3 - - - - 2 - - - - - 0 - - - - 1 - -

% Pedestrians - - - 100.0 - - - - 100.0 - - - - - - - - - - 100.0 - -
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Peak Hour Data

01/21/2015 5:00 PM
Ending At
01/21/2015 6:00 PM

All Vehicles (no
classification)
Pedestrians

Beltway 8 NBFR [SB]

Out In Total

2060 0 2060

0 0 0

2060 0 2060

0 0 0 0

0 0 0 3

0 0 0 3

R L U P

737 0 737

O
ut

1192

0

1192

In

1929

0

1929

Total

M
em

orial D
r [W

B
]

R 112 0 112

T
1080

0
1080

U 0 0 0

P 2 2 0

10 2134 2144

0 0 0

10 2134 2144

Out In Total

Beltway 8 NBFR [NB]

U L T R P

10 249 1704 171 0

0 0 0 0 0

10 249 1704 171 0

M
em

or
ia

l D
r [

E
B

] To
ta

l

21
39 0

21
39

In 81
0 0 81
0

O
ut

13
29 0

13
29

0 0 0 U

24
4 0 24
4 L

56
6 0 56
6 T

0 1 1 P

Turning Movement Peak Hour Data Plot (5:00 PM)



C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at W Bough Ln
Site Code:
Start Date: 01/21/2015
Page No: 1

Turning Movement Data

Start Time

W Bough Ln Memorial Dr Broken Bough Dr Memorial Dr

Southbound Westbound Northbound Eastbound

Left Thru Right U-Turn Peds App.
Total Left Thru Right U-Turn Peds App.

Total Left Thru Right U-Turn Peds App.
Total Left Thru Right U-Turn Peds App.

Total Int. Total

6:30 AM 2 1 1 0 0 4 0 41 10 0 0 51 3 0 0 0 0 3 6 65 3 0 1 74 132

6:45 AM 5 0 10 0 0 15 0 71 10 0 0 81 0 2 3 0 2 5 11 80 1 0 0 92 193

Hourly Total 7 1 11 0 0 19 0 112 20 0 0 132 3 2 3 0 2 8 17 145 4 0 1 166 325

7:00 AM 9 1 7 0 0 17 0 54 13 0 0 67 5 3 0 0 1 8 8 117 2 0 0 127 219

7:15 AM 12 2 13 0 1 27 1 95 21 0 0 117 8 10 3 0 0 21 12 147 1 0 1 160 325

7:30 AM 16 1 10 0 0 27 1 110 22 0 0 133 6 6 0 0 0 12 18 185 0 0 0 203 375

7:45 AM 11 0 14 0 1 25 1 147 30 0 0 178 18 6 1 0 0 25 37 177 3 0 0 217 445

Hourly Total 48 4 44 0 2 96 3 406 86 0 0 495 37 25 4 0 1 66 75 626 6 0 1 707 1364

8:00 AM 19 2 11 0 0 32 3 118 34 0 0 155 9 16 2 0 0 27 26 142 6 0 0 174 388

8:15 AM 41 9 18 0 0 68 0 110 23 0 0 133 9 13 1 0 0 23 33 164 4 0 0 201 425

*** BREAK *** - - - - - - - - - - - - - - - - - - - - - - - - -

Hourly Total 60 11 29 0 0 100 3 228 57 0 0 288 18 29 3 0 0 50 59 306 10 0 0 375 813

4:00 PM 53 5 34 0 0 92 2 208 35 0 1 245 0 8 3 0 0 11 19 109 15 0 0 143 491

4:15 PM 55 13 12 0 0 80 0 186 25 0 0 211 6 6 3 0 0 15 17 112 9 0 2 138 444

4:30 PM 51 2 20 0 0 73 1 265 42 0 0 308 6 4 2 0 0 12 8 121 5 0 0 134 527

4:45 PM 48 13 23 0 0 84 1 230 47 0 0 278 5 5 3 0 1 13 21 120 6 0 1 147 522

Hourly Total 207 33 89 0 0 329 4 889 149 0 1 1042 17 23 11 0 1 51 65 462 35 0 3 562 1984

5:00 PM 43 8 22 0 0 73 0 292 49 0 0 341 4 14 4 0 1 22 7 140 3 0 0 150 586

5:15 PM 65 6 27 0 1 98 0 244 35 0 0 279 9 9 2 0 0 20 29 132 7 0 0 168 565

5:30 PM 52 8 12 0 1 72 0 265 55 0 0 320 3 8 1 0 0 12 20 154 4 0 0 178 582

5:45 PM 47 11 14 0 0 72 0 246 42 0 0 288 3 11 3 0 0 17 19 127 3 0 0 149 526

Hourly Total 207 33 75 0 2 315 0 1047 181 0 0 1228 19 42 10 0 1 71 75 553 17 0 0 645 2259

Grand Total 529 82 248 0 4 859 10 2682 493 0 1 3185 94 121 31 0 5 246 291 2092 72 0 5 2455 6745

Approach % 61.6 9.5 28.9 0.0 - - 0.3 84.2 15.5 0.0 - - 38.2 49.2 12.6 0.0 - - 11.9 85.2 2.9 0.0 - - -

Total % 7.8 1.2 3.7 0.0 - 12.7 0.1 39.8 7.3 0.0 - 47.2 1.4 1.8 0.5 0.0 - 3.6 4.3 31.0 1.1 0.0 - 36.4 -

All Vehicles (no
classification) 529 82 248 0 - 859 10 2682 493 0 - 3185 94 121 31 0 - 246 291 2092 72 0 - 2455 6745

% All Vehicles (no
classification) 100.0 100.0 100.0 - - 100.0 100.0 100.0 100.0 - - 100.0 100.0 100.0 100.0 - - 100.0 100.0 100.0 100.0 - - 100.0 100.0

Pedestrians - - - - 4 - - - - - 1 - - - - - 5 - - - - - 5 - -

% Pedestrians - - - - 100.0 - - - - - 100.0 - - - - - 100.0 - - - - - 100.0 - -
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C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at W Bough Ln
Site Code:
Start Date: 01/21/2015
Page No: 3

Turning Movement Peak Hour Data (7:30 AM)

Start Time

W Bough Ln Memorial Dr Broken Bough Dr Memorial Dr

Southbound Westbound Northbound Eastbound

Left Thru Right U-Turn Peds App.
Total Left Thru Right U-Turn Peds App.

Total Left Thru Right U-Turn Peds App.
Total Left Thru Right U-Turn Peds App.

Total Int. Total

7:30 AM 16 1 10 0 0 27 1 110 22 0 0 133 6 6 0 0 0 12 18 185 0 0 0 203 375

7:45 AM 11 0 14 0 1 25 1 147 30 0 0 178 18 6 1 0 0 25 37 177 3 0 0 217 445

8:00 AM 19 2 11 0 0 32 3 118 34 0 0 155 9 16 2 0 0 27 26 142 6 0 0 174 388

8:15 AM 41 9 18 0 0 68 0 110 23 0 0 133 9 13 1 0 0 23 33 164 4 0 0 201 425

Total 87 12 53 0 1 152 5 485 109 0 0 599 42 41 4 0 0 87 114 668 13 0 0 795 1633

Approach % 57.2 7.9 34.9 0.0 - - 0.8 81.0 18.2 0.0 - - 48.3 47.1 4.6 0.0 - - 14.3 84.0 1.6 0.0 - - -

Total % 5.3 0.7 3.2 0.0 - 9.3 0.3 29.7 6.7 0.0 - 36.7 2.6 2.5 0.2 0.0 - 5.3 7.0 40.9 0.8 0.0 - 48.7 -

PHF 0.530 0.333 0.736 0.000 - 0.559 0.417 0.825 0.801 0.000 - 0.841 0.583 0.641 0.500 0.000 - 0.806 0.770 0.903 0.542 0.000 - 0.916 0.917

All Vehicles (no
classification) 87 12 53 0 - 152 5 485 109 0 - 599 42 41 4 0 - 87 114 668 13 0 - 795 1633

% All Vehicles (no
classification) 100.0 100.0 100.0 - - 100.0 100.0 100.0 100.0 - - 100.0 100.0 100.0 100.0 - - 100.0 100.0 100.0 100.0 - - 100.0 100.0

Pedestrians - - - - 1 - - - - - 0 - - - - - 0 - - - - - 0 - -

% Pedestrians - - - - 100.0 - - - - - - - - - - - - - - - - - - - -

C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at W Bough Ln
Site Code:
Start Date: 01/21/2015
Page No: 4

Peak Hour Data

01/21/2015 7:30 AM
Ending At
01/21/2015 8:30 AM

All Vehicles (no
classification)
Pedestrians

W Bough Ln [SB]
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Turning Movement Peak Hour Data Plot (7:30 AM)



C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at W Bough Ln
Site Code:
Start Date: 01/21/2015
Page No: 5

Turning Movement Peak Hour Data (5:00 PM)

Start Time

W Bough Ln Memorial Dr Broken Bough Dr Memorial Dr

Southbound Westbound Northbound Eastbound

Left Thru Right U-Turn Peds App.
Total Left Thru Right U-Turn Peds App.

Total Left Thru Right U-Turn Peds App.
Total Left Thru Right U-Turn Peds App.

Total Int. Total

5:00 PM 43 8 22 0 0 73 0 292 49 0 0 341 4 14 4 0 1 22 7 140 3 0 0 150 586

5:15 PM 65 6 27 0 1 98 0 244 35 0 0 279 9 9 2 0 0 20 29 132 7 0 0 168 565

5:30 PM 52 8 12 0 1 72 0 265 55 0 0 320 3 8 1 0 0 12 20 154 4 0 0 178 582

5:45 PM 47 11 14 0 0 72 0 246 42 0 0 288 3 11 3 0 0 17 19 127 3 0 0 149 526

Total 207 33 75 0 2 315 0 1047 181 0 0 1228 19 42 10 0 1 71 75 553 17 0 0 645 2259

Approach % 65.7 10.5 23.8 0.0 - - 0.0 85.3 14.7 0.0 - - 26.8 59.2 14.1 0.0 - - 11.6 85.7 2.6 0.0 - - -

Total % 9.2 1.5 3.3 0.0 - 13.9 0.0 46.3 8.0 0.0 - 54.4 0.8 1.9 0.4 0.0 - 3.1 3.3 24.5 0.8 0.0 - 28.6 -

PHF 0.796 0.750 0.694 0.000 - 0.804 0.000 0.896 0.823 0.000 - 0.900 0.528 0.750 0.625 0.000 - 0.807 0.647 0.898 0.607 0.000 - 0.906 0.964

All Vehicles (no
classification) 207 33 75 0 - 315 0 1047 181 0 - 1228 19 42 10 0 - 71 75 553 17 0 - 645 2259

% All Vehicles (no
classification) 100.0 100.0 100.0 - - 100.0 - 100.0 100.0 - - 100.0 100.0 100.0 100.0 - - 100.0 100.0 100.0 100.0 - - 100.0 100.0

Pedestrians - - - - 2 - - - - - 0 - - - - - 1 - - - - - 0 - -

% Pedestrians - - - - 100.0 - - - - - - - - - - - 100.0 - - - - - - - -

C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at W Bough Ln
Site Code:
Start Date: 01/21/2015
Page No: 6

Peak Hour Data

01/21/2015 5:00 PM
Ending At
01/21/2015 6:00 PM

All Vehicles (no
classification)
Pedestrians

W Bough Ln [SB]

Out In Total
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Turning Movement Peak Hour Data Plot (5:00 PM)



C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Boheme Dr
Site Code:
Start Date: 01/15/2015
Page No: 1

Turning Movement Data

Start Time

Memorial Dr Memorial Dr Boheme Dr

Southbound Northbound Eastbound

Thru Right U-Turn Peds App. Total Left Thru U-Turn Peds App. Total Left Right U-Turn Peds App. Total Int. Total

6:30 AM 75 1 0 0 76 4 32 0 0 36 1 16 0 1 17 129

6:45 AM 109 1 0 0 110 7 58 0 0 65 3 21 0 0 24 199

Hourly Total 184 2 0 0 186 11 90 0 0 101 4 37 0 1 41 328

7:00 AM 101 4 0 0 105 10 71 0 0 81 2 32 0 0 34 220

7:15 AM 134 2 0 0 136 7 88 0 0 95 11 53 0 0 64 295

7:30 AM 177 1 0 0 178 11 120 0 0 131 10 74 0 0 84 393

7:45 AM 165 4 0 0 169 29 144 0 0 173 6 42 0 0 48 390

Hourly Total 577 11 0 0 588 57 423 0 0 480 29 201 0 0 230 1298

8:00 AM 172 9 0 0 181 14 155 0 0 169 6 31 0 0 37 387

8:15 AM 196 16 0 0 212 19 125 0 0 144 3 29 0 0 32 388

*** BREAK *** - - - - - - - - - - - - - - - -

Hourly Total 368 25 0 0 393 33 280 0 0 313 9 60 0 0 69 775

4:00 PM 132 9 0 0 141 31 240 0 0 271 8 26 0 0 34 446

4:15 PM 150 11 0 0 161 33 272 0 0 305 2 25 0 2 27 493

4:30 PM 144 13 0 0 157 43 272 0 0 315 1 19 0 0 20 492

4:45 PM 162 11 0 0 173 52 301 0 0 353 7 20 0 1 27 553

Hourly Total 588 44 0 0 632 159 1085 0 0 1244 18 90 0 3 108 1984

5:00 PM 160 10 0 0 170 61 307 0 0 368 4 27 0 0 31 569

5:15 PM 154 16 0 0 170 69 329 0 0 398 8 24 0 0 32 600

5:30 PM 161 14 0 0 175 55 300 0 0 355 3 26 0 0 29 559

5:45 PM 180 12 0 0 192 72 325 0 0 397 3 36 0 1 39 628

Hourly Total 655 52 0 0 707 257 1261 0 0 1518 18 113 0 1 131 2356

Grand Total 2372 134 0 0 2506 517 3139 0 0 3656 78 501 0 5 579 6741

Approach % 94.7 5.3 0.0 - - 14.1 85.9 0.0 - - 13.5 86.5 0.0 - - -

Total % 35.2 2.0 0.0 - 37.2 7.7 46.6 0.0 - 54.2 1.2 7.4 0.0 - 8.6 -

All Vehicles (no classification) 2372 134 0 - 2506 517 3139 0 - 3656 78 501 0 - 579 6741

% All Vehicles (no
classification) 100.0 100.0 - - 100.0 100.0 100.0 - - 100.0 100.0 100.0 - - 100.0 100.0

Pedestrians - - - 0 - - - - 0 - - - - 5 - -

% Pedestrians - - - - - - - - - - - - - 100.0 - -

C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Boheme Dr
Site Code:
Start Date: 01/15/2015
Page No: 2
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C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Boheme Dr
Site Code:
Start Date: 01/15/2015
Page No: 3

Turning Movement Peak Hour Data (7:30 AM)

Start Time

Memorial Dr Memorial Dr Boheme Dr

Southbound Northbound Eastbound

Thru Right U-Turn Peds App. Total Left Thru U-Turn Peds App. Total Left Right U-Turn Peds App. Total Int. Total

7:30 AM 177 1 0 0 178 11 120 0 0 131 10 74 0 0 84 393

7:45 AM 165 4 0 0 169 29 144 0 0 173 6 42 0 0 48 390

8:00 AM 172 9 0 0 181 14 155 0 0 169 6 31 0 0 37 387

8:15 AM 196 16 0 0 212 19 125 0 0 144 3 29 0 0 32 388

Total 710 30 0 0 740 73 544 0 0 617 25 176 0 0 201 1558

Approach % 95.9 4.1 0.0 - - 11.8 88.2 0.0 - - 12.4 87.6 0.0 - - -

Total % 45.6 1.9 0.0 - 47.5 4.7 34.9 0.0 - 39.6 1.6 11.3 0.0 - 12.9 -

PHF 0.906 0.469 0.000 - 0.873 0.629 0.877 0.000 - 0.892 0.625 0.595 0.000 - 0.598 0.991

All Vehicles (no classification) 710 30 0 - 740 73 544 0 - 617 25 176 0 - 201 1558

% All Vehicles (no
classification) 100.0 100.0 - - 100.0 100.0 100.0 - - 100.0 100.0 100.0 - - 100.0 100.0

Pedestrians - - - 0 - - - - 0 - - - - 0 - -

% Pedestrians - - - - - - - - - - - - - - - -

C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Boheme Dr
Site Code:
Start Date: 01/15/2015
Page No: 4

Peak Hour Data

01/15/2015 7:30 AM
Ending At
01/15/2015 8:30 AM

All Vehicles (no
classification)
Pedestrians

Memorial Dr [SB]

Out In Total
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Turning Movement Peak Hour Data Plot (7:30 AM)



C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Boheme Dr
Site Code:
Start Date: 01/15/2015
Page No: 5

Turning Movement Peak Hour Data (5:00 PM)

Start Time

Memorial Dr Memorial Dr Boheme Dr

Southbound Northbound Eastbound

Thru Right U-Turn Peds App. Total Left Thru U-Turn Peds App. Total Left Right U-Turn Peds App. Total Int. Total

5:00 PM 160 10 0 0 170 61 307 0 0 368 4 27 0 0 31 569

5:15 PM 154 16 0 0 170 69 329 0 0 398 8 24 0 0 32 600

5:30 PM 161 14 0 0 175 55 300 0 0 355 3 26 0 0 29 559

5:45 PM 180 12 0 0 192 72 325 0 0 397 3 36 0 1 39 628

Total 655 52 0 0 707 257 1261 0 0 1518 18 113 0 1 131 2356

Approach % 92.6 7.4 0.0 - - 16.9 83.1 0.0 - - 13.7 86.3 0.0 - - -

Total % 27.8 2.2 0.0 - 30.0 10.9 53.5 0.0 - 64.4 0.8 4.8 0.0 - 5.6 -

PHF 0.910 0.813 0.000 - 0.921 0.892 0.958 0.000 - 0.954 0.563 0.785 0.000 - 0.840 0.938

All Vehicles (no classification) 655 52 0 - 707 257 1261 0 - 1518 18 113 0 - 131 2356

% All Vehicles (no
classification) 100.0 100.0 - - 100.0 100.0 100.0 - - 100.0 100.0 100.0 - - 100.0 100.0

Pedestrians - - - 0 - - - - 0 - - - - 1 - -

% Pedestrians - - - - - - - - - - - - - 100.0 - -

C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Boheme Dr
Site Code:
Start Date: 01/15/2015
Page No: 6

Peak Hour Data

01/15/2015 5:00 PM
Ending At
01/15/2015 6:00 PM

All Vehicles (no
classification)
Pedestrians

Memorial Dr [SB]

Out In Total

1279 707 1986

0 0 0

1279 707 1986

52 655 0 0

0 0 0 0

52 655 0 0

R T U P

768 1518 2286

0 0 0

768 1518 2286

Out In Total

Memorial Dr [NB]

U L T P

0 257 1261 0

0 0 0 0

0 257 1261 0

B
oh

em
e 

D
r [

E
B

] To
ta

l

44
0 0 44
0

In 13
1 0 13
1

O
ut

30
9 0 30
9

0 0 0 U

18 0 18 L

11
3 0 11
3 R

0 1 1 P

Turning Movement Peak Hour Data Plot (5:00 PM)



C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Hollow Dr
Site Code:
Start Date: 01/21/2015
Page No: 1

Turning Movement Data

Start Time

Hollow Dr Memorial Dr Memorial Dr

Southbound Westbound Eastbound

Left Right U-Turn Peds App. Total Thru Right U-Turn Peds App. Total Left Thru U-Turn Peds App. Total Int. Total

6:30 AM 1 0 0 1 1 66 0 0 0 66 0 92 0 0 92 159

6:45 AM 1 0 0 2 1 71 1 2 0 74 0 116 0 0 116 191

Hourly Total 2 0 0 3 2 137 1 2 0 140 0 208 0 0 208 350

7:00 AM 2 1 0 0 3 65 1 0 0 66 0 164 0 0 164 233

7:15 AM 0 3 0 1 3 102 0 0 0 102 0 228 0 0 228 333

7:30 AM 0 3 0 1 3 145 6 1 0 152 0 255 0 0 255 410

7:45 AM 0 4 0 0 4 191 3 4 0 198 1 221 0 1 222 424

Hourly Total 2 11 0 2 13 503 10 5 0 518 1 868 0 1 869 1400

8:00 AM 0 2 0 0 2 162 12 3 0 177 0 207 0 0 207 386

8:15 AM 2 4 0 0 6 109 2 3 0 114 1 243 0 0 244 364

*** BREAK *** - - - - - - - - - - - - - - - -

Hourly Total 2 6 0 0 8 271 14 6 0 291 1 450 0 0 451 750

4:00 PM 1 2 0 0 3 264 4 1 0 269 1 177 0 0 178 450

4:15 PM 2 3 0 1 5 271 6 1 0 278 4 159 0 0 163 446

4:30 PM 0 3 0 2 3 322 0 0 0 322 0 174 0 0 174 499

4:45 PM 1 4 0 0 5 354 3 1 0 358 1 167 0 0 168 531

Hourly Total 4 12 0 3 16 1211 13 3 0 1227 6 677 0 0 683 1926

5:00 PM 4 2 0 2 6 384 1 0 0 385 1 211 0 0 212 603

5:15 PM 0 0 0 1 0 362 6 0 0 368 3 193 0 0 196 564

5:30 PM 1 0 0 1 1 365 2 6 1 373 0 225 0 0 225 599

5:45 PM 1 1 0 2 2 328 2 1 0 331 1 185 0 0 186 519

Hourly Total 6 3 0 6 9 1439 11 7 1 1457 5 814 0 0 819 2285

Grand Total 16 32 0 14 48 3561 49 23 1 3633 13 3017 0 1 3030 6711

Approach % 33.3 66.7 0.0 - - 98.0 1.3 0.6 - - 0.4 99.6 0.0 - - -

Total % 0.2 0.5 0.0 - 0.7 53.1 0.7 0.3 - 54.1 0.2 45.0 0.0 - 45.1 -

All Vehicles (no classification) 16 32 0 - 48 3561 49 23 - 3633 13 3017 0 - 3030 6711

% All Vehicles (no
classification) 100.0 100.0 - - 100.0 100.0 100.0 100.0 - 100.0 100.0 100.0 - - 100.0 100.0

Pedestrians - - - 14 - - - - 1 - - - - 1 - -

% Pedestrians - - - 100.0 - - - - 100.0 - - - - 100.0 - -
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Page No: 2
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C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Hollow Dr
Site Code:
Start Date: 01/21/2015
Page No: 3

Turning Movement Peak Hour Data (7:30 AM)

Start Time

Hollow Dr Memorial Dr Memorial Dr

Southbound Westbound Eastbound

Left Right U-Turn Peds App. Total Thru Right U-Turn Peds App. Total Left Thru U-Turn Peds App. Total Int. Total

7:30 AM 0 3 0 1 3 145 6 1 0 152 0 255 0 0 255 410

7:45 AM 0 4 0 0 4 191 3 4 0 198 1 221 0 1 222 424

8:00 AM 0 2 0 0 2 162 12 3 0 177 0 207 0 0 207 386

8:15 AM 2 4 0 0 6 109 2 3 0 114 1 243 0 0 244 364

Total 2 13 0 1 15 607 23 11 0 641 2 926 0 1 928 1584

Approach % 13.3 86.7 0.0 - - 94.7 3.6 1.7 - - 0.2 99.8 0.0 - - -

Total % 0.1 0.8 0.0 - 0.9 38.3 1.5 0.7 - 40.5 0.1 58.5 0.0 - 58.6 -

PHF 0.250 0.813 0.000 - 0.625 0.795 0.479 0.688 - 0.809 0.500 0.908 0.000 - 0.910 0.934

All Vehicles (no classification) 2 13 0 - 15 607 23 11 - 641 2 926 0 - 928 1584

% All Vehicles (no
classification) 100.0 100.0 - - 100.0 100.0 100.0 100.0 - 100.0 100.0 100.0 - - 100.0 100.0

Pedestrians - - - 1 - - - - 0 - - - - 1 - -

% Pedestrians - - - 100.0 - - - - - - - - - 100.0 - -

C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Hollow Dr
Site Code:
Start Date: 01/21/2015
Page No: 4

Peak Hour Data

01/21/2015 7:30 AM
Ending At
01/21/2015 8:30 AM

All Vehicles (no
classification)
Pedestrians

Hollow Dr [SB]
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Turning Movement Peak Hour Data Plot (7:30 AM)



C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Hollow Dr
Site Code:
Start Date: 01/21/2015
Page No: 5

Turning Movement Peak Hour Data (4:45 PM)

Start Time

Hollow Dr Memorial Dr Memorial Dr

Southbound Westbound Eastbound

Left Right U-Turn Peds App. Total Thru Right U-Turn Peds App. Total Left Thru U-Turn Peds App. Total Int. Total

4:45 PM 1 4 0 0 5 354 3 1 0 358 1 167 0 0 168 531

5:00 PM 4 2 0 2 6 384 1 0 0 385 1 211 0 0 212 603

5:15 PM 0 0 0 1 0 362 6 0 0 368 3 193 0 0 196 564

5:30 PM 1 0 0 1 1 365 2 6 1 373 0 225 0 0 225 599

Total 6 6 0 4 12 1465 12 7 1 1484 5 796 0 0 801 2297

Approach % 50.0 50.0 0.0 - - 98.7 0.8 0.5 - - 0.6 99.4 0.0 - - -

Total % 0.3 0.3 0.0 - 0.5 63.8 0.5 0.3 - 64.6 0.2 34.7 0.0 - 34.9 -

PHF 0.375 0.375 0.000 - 0.500 0.954 0.500 0.292 - 0.964 0.417 0.884 0.000 - 0.890 0.952

All Vehicles (no classification) 6 6 0 - 12 1465 12 7 - 1484 5 796 0 - 801 2297

% All Vehicles (no
classification) 100.0 100.0 - - 100.0 100.0 100.0 100.0 - 100.0 100.0 100.0 - - 100.0 100.0

Pedestrians - - - 4 - - - - 1 - - - - 0 - -

% Pedestrians - - - 100.0 - - - - 100.0 - - - - - - -

C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Hollow Dr
Site Code:
Start Date: 01/21/2015
Page No: 6

Peak Hour Data

01/21/2015 4:45 PM
Ending At
01/21/2015 5:45 PM

All Vehicles (no
classification)
Pedestrians

Hollow Dr [SB]

Out In Total
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Turning Movement Peak Hour Data Plot (4:45 PM)



C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Benignus Rd
Site Code:
Start Date: 01/13/2015
Page No: 1

Turning Movement Data

Start Time

Southbound St. Westbound St. Eastbound St.

Southbound Westbound Eastbound

Left Right U-Turn Peds App. Total Thru Right U-Turn Peds App. Total Left Thru U-Turn Peds App. Total Int. Total

6:30 AM 7 3 0 0 10 43 4 0 0 47 13 76 0 0 89 146

6:45 AM 5 4 0 1 9 61 4 0 0 65 11 97 0 0 108 182

Hourly Total 12 7 0 1 19 104 8 0 0 112 24 173 0 0 197 328

7:00 AM 3 3 0 0 6 62 12 0 1 74 11 164 0 0 175 255

7:15 AM 12 4 0 0 16 87 13 0 0 100 17 206 0 0 223 339

7:30 AM 28 7 0 0 35 117 41 0 0 158 19 266 0 0 285 478

7:45 AM 28 11 0 0 39 143 40 0 0 183 19 197 0 0 216 438

Hourly Total 71 25 0 0 96 409 106 0 1 515 66 833 0 0 899 1510

8:00 AM 41 11 0 1 52 169 33 0 0 202 13 152 0 0 165 419

8:15 AM 42 16 0 1 58 100 11 0 0 111 10 176 0 2 186 355

*** BREAK *** - - - - - - - - - - - - - - - -

Hourly Total 83 27 0 2 110 269 44 0 0 313 23 328 0 2 351 774

4:00 PM 19 31 0 0 50 246 25 0 0 271 9 138 0 0 147 468

4:15 PM 42 32 0 0 74 283 21 0 0 304 9 111 0 0 120 498

4:30 PM 28 33 0 0 61 289 20 0 0 309 12 140 0 0 152 522

4:45 PM 26 30 0 0 56 303 13 0 2 316 13 143 0 0 156 528

Hourly Total 115 126 0 0 241 1121 79 0 2 1200 43 532 0 0 575 2016

5:00 PM 22 50 0 0 72 325 13 0 0 338 19 159 0 0 178 588

5:15 PM 26 35 0 0 61 357 12 0 0 369 5 146 0 0 151 581

5:30 PM 27 42 0 0 69 351 22 0 1 373 8 181 0 0 189 631

5:45 PM 27 28 0 0 55 345 23 0 0 368 11 129 0 0 140 563

Hourly Total 102 155 0 0 257 1378 70 0 1 1448 43 615 0 0 658 2363

Grand Total 383 340 0 3 723 3281 307 0 4 3588 199 2481 0 2 2680 6991

Approach % 53.0 47.0 0.0 - - 91.4 8.6 0.0 - - 7.4 92.6 0.0 - - -

Total % 5.5 4.9 0.0 - 10.3 46.9 4.4 0.0 - 51.3 2.8 35.5 0.0 - 38.3 -

All Vehicles (no classification) 383 340 0 - 723 3281 307 0 - 3588 199 2481 0 - 2680 6991

% All Vehicles (no
classification) 100.0 100.0 - - 100.0 100.0 100.0 - - 100.0 100.0 100.0 - - 100.0 100.0

Pedestrians - - - 3 - - - - 4 - - - - 2 - -

% Pedestrians - - - 100.0 - - - - 100.0 - - - - 100.0 - -
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Page No: 2
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01/13/2015 6:00 PM

All Vehicles (no
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Out In Total
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Turning Movement Data Plot



C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Benignus Rd
Site Code:
Start Date: 01/13/2015
Page No: 3

Turning Movement Peak Hour Data (7:30 AM)

Start Time

Southbound St. Westbound St. Eastbound St.

Southbound Westbound Eastbound

Left Right U-Turn Peds App. Total Thru Right U-Turn Peds App. Total Left Thru U-Turn Peds App. Total Int. Total

7:30 AM 28 7 0 0 35 117 41 0 0 158 19 266 0 0 285 478

7:45 AM 28 11 0 0 39 143 40 0 0 183 19 197 0 0 216 438

8:00 AM 41 11 0 1 52 169 33 0 0 202 13 152 0 0 165 419

8:15 AM 42 16 0 1 58 100 11 0 0 111 10 176 0 2 186 355

Total 139 45 0 2 184 529 125 0 0 654 61 791 0 2 852 1690

Approach % 75.5 24.5 0.0 - - 80.9 19.1 0.0 - - 7.2 92.8 0.0 - - -

Total % 8.2 2.7 0.0 - 10.9 31.3 7.4 0.0 - 38.7 3.6 46.8 0.0 - 50.4 -

PHF 0.827 0.703 0.000 - 0.793 0.783 0.762 0.000 - 0.809 0.803 0.743 0.000 - 0.747 0.884

All Vehicles (no classification) 139 45 0 - 184 529 125 0 - 654 61 791 0 - 852 1690

% All Vehicles (no
classification) 100.0 100.0 - - 100.0 100.0 100.0 - - 100.0 100.0 100.0 - - 100.0 100.0

Pedestrians - - - 2 - - - - 0 - - - - 2 - -

% Pedestrians - - - 100.0 - - - - - - - - - 100.0 - -

C. J. Hensch & Associates Inc.
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Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Benignus Rd
Site Code:
Start Date: 01/13/2015
Page No: 4

Peak Hour Data

01/13/2015 7:30 AM
Ending At
01/13/2015 8:30 AM

All Vehicles (no
classification)
Pedestrians

Southbound St. [SB]

Out In Total

186 184 370

0 0 0

186 184 370

45 139 0 0

0 0 0 2

45 139 0 2

R L U P

930 0 930

O
ut

654 0 654

In

1584

0

1584

Total

W
estbound S

t. [W
B

]

R 125 0 125

T 529 0 529

U 0 0 0

P 0 0 0

E
as

tb
ou

nd
 S

t. 
[E

B
]

To
ta

l

14
26 0

14
26

In 85
2 0 85
2

O
ut

57
4 0 57
4

0 0 0 U

61 0 61 L

79
1 0 79
1 T

0 2 2 P

Turning Movement Peak Hour Data Plot (7:30 AM)



C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Benignus Rd
Site Code:
Start Date: 01/13/2015
Page No: 5

Turning Movement Peak Hour Data (5:00 PM)

Start Time

Southbound St. Westbound St. Eastbound St.

Southbound Westbound Eastbound

Left Right U-Turn Peds App. Total Thru Right U-Turn Peds App. Total Left Thru U-Turn Peds App. Total Int. Total

5:00 PM 22 50 0 0 72 325 13 0 0 338 19 159 0 0 178 588

5:15 PM 26 35 0 0 61 357 12 0 0 369 5 146 0 0 151 581

5:30 PM 27 42 0 0 69 351 22 0 1 373 8 181 0 0 189 631

5:45 PM 27 28 0 0 55 345 23 0 0 368 11 129 0 0 140 563

Total 102 155 0 0 257 1378 70 0 1 1448 43 615 0 0 658 2363

Approach % 39.7 60.3 0.0 - - 95.2 4.8 0.0 - - 6.5 93.5 0.0 - - -

Total % 4.3 6.6 0.0 - 10.9 58.3 3.0 0.0 - 61.3 1.8 26.0 0.0 - 27.8 -

PHF 0.944 0.775 0.000 - 0.892 0.965 0.761 0.000 - 0.971 0.566 0.849 0.000 - 0.870 0.936

All Vehicles (no classification) 102 155 0 - 257 1378 70 0 - 1448 43 615 0 - 658 2363

% All Vehicles (no
classification) 100.0 100.0 - - 100.0 100.0 100.0 - - 100.0 100.0 100.0 - - 100.0 100.0

Pedestrians - - - 0 - - - - 1 - - - - 0 - -

% Pedestrians - - - - - - - - 100.0 - - - - - - -

C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Benignus Rd
Site Code:
Start Date: 01/13/2015
Page No: 6

Peak Hour Data

01/13/2015 5:00 PM
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Turning Movement Peak Hour Data Plot (5:00 PM)



C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Frostwood Dr
Site Code:
Start Date: 01/21/2015
Page No: 1

Turning Movement Data

Start Time

Frostwood Dr Memorial Dr Memorial Dr

Southbound Westbound Eastbound

Left Right U-Turn Peds App. Total Thru Right U-Turn Peds App. Total Left Thru U-Turn Peds App. Total Int. Total

6:30 AM 1 5 0 2 6 53 2 0 0 55 21 81 0 0 102 163

6:45 AM 0 6 0 0 6 69 1 0 0 70 16 96 0 0 112 188

Hourly Total 1 11 0 2 12 122 3 0 0 125 37 177 0 0 214 351

7:00 AM 2 12 0 2 14 53 1 0 0 54 20 145 0 0 165 233

7:15 AM 5 15 0 0 20 76 4 0 0 80 42 213 0 0 255 355

7:30 AM 4 17 0 0 21 113 4 0 0 117 42 242 0 0 284 422

7:45 AM 3 19 0 0 22 178 4 0 0 182 21 208 0 0 229 433

Hourly Total 14 63 0 2 77 420 13 0 0 433 125 808 0 0 933 1443

8:00 AM 3 14 0 0 17 162 6 0 0 168 23 204 0 0 227 412

8:15 AM 4 14 0 0 18 85 3 0 0 88 38 204 0 0 242 348

*** BREAK *** - - - - - - - - - - - - - - - -

Hourly Total 7 28 0 0 35 247 9 0 0 256 61 408 0 0 469 760

4:00 PM 6 36 0 0 42 224 4 0 0 228 14 150 0 0 164 434

4:15 PM 1 45 0 0 46 215 5 0 0 220 15 145 0 0 160 426

4:30 PM 7 65 0 0 72 209 1 0 0 210 12 157 0 0 169 451

4:45 PM 2 45 0 0 47 284 2 0 0 286 7 147 0 0 154 487

Hourly Total 16 191 0 0 207 932 12 0 0 944 48 599 0 0 647 1798

5:00 PM 2 68 0 2 70 275 5 0 0 280 23 166 0 0 189 539

5:15 PM 8 89 0 0 97 255 3 0 0 258 18 184 0 0 202 557

5:30 PM 6 71 0 0 77 249 5 0 0 254 16 192 0 0 208 539

5:45 PM 9 61 0 2 70 272 2 0 0 274 19 149 0 0 168 512

Hourly Total 25 289 0 4 314 1051 15 0 0 1066 76 691 0 0 767 2147

Grand Total 63 582 0 8 645 2772 52 0 0 2824 347 2683 0 0 3030 6499

Approach % 9.8 90.2 0.0 - - 98.2 1.8 0.0 - - 11.5 88.5 0.0 - - -

Total % 1.0 9.0 0.0 - 9.9 42.7 0.8 0.0 - 43.5 5.3 41.3 0.0 - 46.6 -

All Vehicles (no classification) 63 582 0 - 645 2772 52 0 - 2824 347 2683 0 - 3030 6499

% All Vehicles (no
classification) 100.0 100.0 - - 100.0 100.0 100.0 - - 100.0 100.0 100.0 - - 100.0 100.0

Pedestrians - - - 8 - - - - 0 - - - - 0 - -

% Pedestrians - - - 100.0 - - - - - - - - - - - -
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Site Code:
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Page No: 2
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Turning Movement Data Plot



C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Frostwood Dr
Site Code:
Start Date: 01/21/2015
Page No: 3

Turning Movement Peak Hour Data (7:15 AM)

Start Time

Frostwood Dr Memorial Dr Memorial Dr

Southbound Westbound Eastbound

Left Right U-Turn Peds App. Total Thru Right U-Turn Peds App. Total Left Thru U-Turn Peds App. Total Int. Total

7:15 AM 5 15 0 0 20 76 4 0 0 80 42 213 0 0 255 355

7:30 AM 4 17 0 0 21 113 4 0 0 117 42 242 0 0 284 422

7:45 AM 3 19 0 0 22 178 4 0 0 182 21 208 0 0 229 433

8:00 AM 3 14 0 0 17 162 6 0 0 168 23 204 0 0 227 412

Total 15 65 0 0 80 529 18 0 0 547 128 867 0 0 995 1622

Approach % 18.8 81.3 0.0 - - 96.7 3.3 0.0 - - 12.9 87.1 0.0 - - -

Total % 0.9 4.0 0.0 - 4.9 32.6 1.1 0.0 - 33.7 7.9 53.5 0.0 - 61.3 -

PHF 0.750 0.855 0.000 - 0.909 0.743 0.750 0.000 - 0.751 0.762 0.896 0.000 - 0.876 0.936

All Vehicles (no classification) 15 65 0 - 80 529 18 0 - 547 128 867 0 - 995 1622

% All Vehicles (no
classification) 100.0 100.0 - - 100.0 100.0 100.0 - - 100.0 100.0 100.0 - - 100.0 100.0

Pedestrians - - - 0 - - - - 0 - - - - 0 - -

% Pedestrians - - - - - - - - - - - - - - - -
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Page No: 4

Peak Hour Data
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Turning Movement Peak Hour Data Plot (7:15 AM)



C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Frostwood Dr
Site Code:
Start Date: 01/21/2015
Page No: 5

Turning Movement Peak Hour Data (5:00 PM)

Start Time

Frostwood Dr Memorial Dr Memorial Dr

Southbound Westbound Eastbound

Left Right U-Turn Peds App. Total Thru Right U-Turn Peds App. Total Left Thru U-Turn Peds App. Total Int. Total

5:00 PM 2 68 0 2 70 275 5 0 0 280 23 166 0 0 189 539

5:15 PM 8 89 0 0 97 255 3 0 0 258 18 184 0 0 202 557

5:30 PM 6 71 0 0 77 249 5 0 0 254 16 192 0 0 208 539

5:45 PM 9 61 0 2 70 272 2 0 0 274 19 149 0 0 168 512

Total 25 289 0 4 314 1051 15 0 0 1066 76 691 0 0 767 2147

Approach % 8.0 92.0 0.0 - - 98.6 1.4 0.0 - - 9.9 90.1 0.0 - - -

Total % 1.2 13.5 0.0 - 14.6 49.0 0.7 0.0 - 49.7 3.5 32.2 0.0 - 35.7 -

PHF 0.694 0.812 0.000 - 0.809 0.955 0.750 0.000 - 0.952 0.826 0.900 0.000 - 0.922 0.964

All Vehicles (no classification) 25 289 0 - 314 1051 15 0 - 1066 76 691 0 - 767 2147

% All Vehicles (no
classification) 100.0 100.0 - - 100.0 100.0 100.0 - - 100.0 100.0 100.0 - - 100.0 100.0

Pedestrians - - - 4 - - - - 0 - - - - 0 - -

% Pedestrians - - - 100.0 - - - - - - - - - - - -
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Peak Hour Data

01/21/2015 5:00 PM
Ending At
01/21/2015 6:00 PM
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Turning Movement Peak Hour Data Plot (5:00 PM)



C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Gessner Rd
Site Code:
Start Date: 01/13/2015
Page No: 1

Turning Movement Data

Start Time

Gessner Dr Memorial Dr Gessner Dr Memorial Dr

Southbound Westbound Northbound Eastbound

Left Thru Right U-Turn Peds App.
Total Left Thru Right U-Turn Peds App.

Total Left Thru Right U-Turn Peds App.
Total Left Thru Right U-Turn Peds App.

Total Int. Total

6:30 AM 8 115 8 0 0 131 2 19 9 0 0 30 17 223 0 0 0 240 12 40 19 0 0 71 472

6:45 AM 11 149 5 0 0 165 2 22 16 0 0 40 20 227 10 0 1 257 23 49 13 0 0 85 547

Hourly Total 19 264 13 0 0 296 4 41 25 0 0 70 37 450 10 0 1 497 35 89 32 0 0 156 1019

7:00 AM 5 113 4 0 0 122 3 29 17 0 0 49 27 215 2 0 0 244 32 73 30 0 0 135 550

7:15 AM 15 165 8 0 0 188 8 43 23 0 0 74 16 235 10 0 1 261 36 95 37 0 1 168 691

7:30 AM 19 157 10 0 0 186 17 76 31 0 0 124 34 253 19 0 0 306 40 119 53 0 0 212 828

7:45 AM 16 233 20 0 4 269 19 88 39 0 5 146 33 248 12 0 2 293 35 122 60 0 4 217 925

Hourly Total 55 668 42 0 4 765 47 236 110 0 5 393 110 951 43 0 3 1104 143 409 180 0 5 732 2994

8:00 AM 20 169 13 0 0 202 7 115 25 0 0 147 45 227 5 0 1 277 26 105 37 0 0 168 794

8:15 AM 21 168 8 0 0 197 4 44 29 0 0 77 32 239 9 1 0 281 34 99 50 0 0 183 738

*** BREAK *** - - - - - - - - - - - - - - - - - - - - - - - - -

Hourly Total 41 337 21 0 0 399 11 159 54 0 0 224 77 466 14 1 1 558 60 204 87 0 0 351 1532

4:00 PM 21 256 34 0 1 311 21 127 16 0 0 164 51 211 11 0 0 273 31 69 28 0 1 128 876

4:15 PM 22 287 47 0 2 356 16 119 14 0 0 149 45 229 17 1 0 292 22 81 44 0 1 147 944

4:30 PM 27 254 37 0 0 318 13 170 22 0 0 205 59 241 28 0 0 328 26 54 39 0 0 119 970

4:45 PM 18 274 40 0 0 332 18 144 16 0 0 178 49 203 22 0 0 274 27 73 53 0 0 153 937

Hourly Total 88 1071 158 0 3 1317 68 560 68 0 0 696 204 884 78 1 0 1167 106 277 164 0 2 547 3727

5:00 PM 31 244 46 0 0 321 19 185 23 0 0 227 53 228 30 1 0 312 24 103 36 0 0 163 1023

5:15 PM 28 286 50 0 0 364 23 173 27 0 0 223 44 214 37 0 0 295 28 86 45 1 0 160 1042

5:30 PM 35 217 41 0 0 293 20 197 28 0 0 245 52 217 16 0 0 285 31 113 35 0 0 179 1002

5:45 PM 33 265 53 0 0 351 26 165 20 0 0 211 41 235 15 0 0 291 25 92 29 0 0 146 999

Hourly Total 127 1012 190 0 0 1329 88 720 98 0 0 906 190 894 98 1 0 1183 108 394 145 1 0 648 4066

Grand Total 330 3352 424 0 7 4106 218 1716 355 0 5 2289 618 3645 243 3 5 4509 452 1373 608 1 7 2434 13338

Approach % 8.0 81.6 10.3 0.0 - - 9.5 75.0 15.5 0.0 - - 13.7 80.8 5.4 0.1 - - 18.6 56.4 25.0 0.0 - - -

Total % 2.5 25.1 3.2 0.0 - 30.8 1.6 12.9 2.7 0.0 - 17.2 4.6 27.3 1.8 0.0 - 33.8 3.4 10.3 4.6 0.0 - 18.2 -

All Vehicles (no
classification) 330 3352 424 0 - 4106 218 1716 355 0 - 2289 618 3645 243 3 - 4509 452 1373 608 1 - 2434 13338

% All Vehicles (no
classification) 100.0 100.0 100.0 - - 100.0 100.0 100.0 100.0 - - 100.0 100.0 100.0 100.0 100.0 - 100.0 100.0 100.0 100.0 100.0 - 100.0 100.0

Pedestrians - - - - 7 - - - - - 5 - - - - - 5 - - - - - 7 - -

% Pedestrians - - - - 100.0 - - - - - 100.0 - - - - - 100.0 - - - - - 100.0 - -

C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Gessner Rd
Site Code:
Start Date: 01/13/2015
Page No: 2

01/13/2015 6:30 AM
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All Vehicles (no
classification)
Pedestrians

Gessner Dr [SB]

Out In Total

4452 4106 8558

0 0 0

4452 4106 8558

424 3352 330 0 0

0 0 0 0 7

424 3352 330 0 7

R T L U P

1946

0

1946

O
ut

2289

0

2289

In

4235

0

4235

Total

M
em

orial D
r [W

B
]

R 355 0 355

T
1716

0
1716

L 218 0 218

U 0 0 0

P 5 5 0

4181 4509 8690

0 0 0

4181 4509 8690

Out In Total

Gessner Dr [NB]

U L T R P

3 618 3645 243 0

0 0 0 0 5

3 618 3645 243 5

M
em

or
ia

l D
r [

E
B

] To
ta

l

51
93 0

51
93

In

24
34 0

24
34

O
ut

27
59 0

27
59

1 0 1 U

45
2 0 45
2 L

13
73 0

13
73 T

60
8 0 60
8 R

0 7 7 P

Turning Movement Data Plot



C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Gessner Rd
Site Code:
Start Date: 01/13/2015
Page No: 3

Turning Movement Peak Hour Data (7:30 AM)

Start Time

Gessner Dr Memorial Dr Gessner Dr Memorial Dr

Southbound Westbound Northbound Eastbound

Left Thru Right U-Turn Peds App.
Total Left Thru Right U-Turn Peds App.

Total Left Thru Right U-Turn Peds App.
Total Left Thru Right U-Turn Peds App.

Total Int. Total

7:30 AM 19 157 10 0 0 186 17 76 31 0 0 124 34 253 19 0 0 306 40 119 53 0 0 212 828

7:45 AM 16 233 20 0 4 269 19 88 39 0 5 146 33 248 12 0 2 293 35 122 60 0 4 217 925

8:00 AM 20 169 13 0 0 202 7 115 25 0 0 147 45 227 5 0 1 277 26 105 37 0 0 168 794

8:15 AM 21 168 8 0 0 197 4 44 29 0 0 77 32 239 9 1 0 281 34 99 50 0 0 183 738

Total 76 727 51 0 4 854 47 323 124 0 5 494 144 967 45 1 3 1157 135 445 200 0 4 780 3285

Approach % 8.9 85.1 6.0 0.0 - - 9.5 65.4 25.1 0.0 - - 12.4 83.6 3.9 0.1 - - 17.3 57.1 25.6 0.0 - - -

Total % 2.3 22.1 1.6 0.0 - 26.0 1.4 9.8 3.8 0.0 - 15.0 4.4 29.4 1.4 0.0 - 35.2 4.1 13.5 6.1 0.0 - 23.7 -

PHF 0.905 0.780 0.638 0.000 - 0.794 0.618 0.702 0.795 0.000 - 0.840 0.800 0.956 0.592 0.250 - 0.945 0.844 0.912 0.833 0.000 - 0.899 0.888

All Vehicles (no
classification) 76 727 51 0 - 854 47 323 124 0 - 494 144 967 45 1 - 1157 135 445 200 0 - 780 3285

% All Vehicles (no
classification) 100.0 100.0 100.0 - - 100.0 100.0 100.0 100.0 - - 100.0 100.0 100.0 100.0 100.0 - 100.0 100.0 100.0 100.0 - - 100.0 100.0

Pedestrians - - - - 4 - - - - - 5 - - - - - 3 - - - - - 4 - -

% Pedestrians - - - - 100.0 - - - - - 100.0 - - - - - 100.0 - - - - - 100.0 - -

C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
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Peak Hour Data
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Turning Movement Peak Hour Data Plot (7:30 AM)



C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Gessner Rd
Site Code:
Start Date: 01/13/2015
Page No: 5

Turning Movement Peak Hour Data (5:00 PM)

Start Time

Gessner Dr Memorial Dr Gessner Dr Memorial Dr

Southbound Westbound Northbound Eastbound

Left Thru Right U-Turn Peds App.
Total Left Thru Right U-Turn Peds App.

Total Left Thru Right U-Turn Peds App.
Total Left Thru Right U-Turn Peds App.

Total Int. Total

5:00 PM 31 244 46 0 0 321 19 185 23 0 0 227 53 228 30 1 0 312 24 103 36 0 0 163 1023

5:15 PM 28 286 50 0 0 364 23 173 27 0 0 223 44 214 37 0 0 295 28 86 45 1 0 160 1042

5:30 PM 35 217 41 0 0 293 20 197 28 0 0 245 52 217 16 0 0 285 31 113 35 0 0 179 1002

5:45 PM 33 265 53 0 0 351 26 165 20 0 0 211 41 235 15 0 0 291 25 92 29 0 0 146 999

Total 127 1012 190 0 0 1329 88 720 98 0 0 906 190 894 98 1 0 1183 108 394 145 1 0 648 4066

Approach % 9.6 76.1 14.3 0.0 - - 9.7 79.5 10.8 0.0 - - 16.1 75.6 8.3 0.1 - - 16.7 60.8 22.4 0.2 - - -

Total % 3.1 24.9 4.7 0.0 - 32.7 2.2 17.7 2.4 0.0 - 22.3 4.7 22.0 2.4 0.0 - 29.1 2.7 9.7 3.6 0.0 - 15.9 -

PHF 0.907 0.885 0.896 0.000 - 0.913 0.846 0.914 0.875 0.000 - 0.924 0.896 0.951 0.662 0.250 - 0.948 0.871 0.872 0.806 0.250 - 0.905 0.976

All Vehicles (no
classification) 127 1012 190 0 - 1329 88 720 98 0 - 906 190 894 98 1 - 1183 108 394 145 1 - 648 4066

% All Vehicles (no
classification) 100.0 100.0 100.0 - - 100.0 100.0 100.0 100.0 - - 100.0 100.0 100.0 100.0 100.0 - 100.0 100.0 100.0 100.0 100.0 - 100.0 100.0

Pedestrians - - - - 0 - - - - - 0 - - - - - 0 - - - - - 0 - -

% Pedestrians - - - - - - - - - - - - - - - - - - - - - - - - -

C. J. Hensch & Associates Inc.
5215 Sycamore Ave.

Pasadena, Texas, United States  77503
(281) 487-5417 denniscox@cjhensch.com

Count Name: Memorial Dr at Gessner Rd
Site Code:
Start Date: 01/13/2015
Page No: 6

Peak Hour Data

01/13/2015 5:00 PM
Ending At
01/13/2015 6:00 PM

All Vehicles (no
classification)
Pedestrians

Gessner Dr [SB]

Out In Total
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Turning Movement Peak Hour Data Plot (5:00 PM)
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Lanes, Volumes, Timings
10: SB BW8 WSR U-Turn/SB BW8 WSR 8/18/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø1 ø2 ø4
Lane Configurations
Volume (vph) 0 1013 327 153 451 0 0 0 0 134 1433 138
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width (ft) 11 11 11 11 11 11 11 11 11 11 11 11
Storage Length (ft) 0 120 0 0 0 0 0 0
Storage Lanes 0 1 1 0 0 0 0 0
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 0.91 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.91 0.91 0.91
Frt 0.850 0.985
Flt Protected 0.950 0.996
Satd. Flow (prot) 0 4916 1531 1711 3421 0 0 0 0 0 4823 0
Flt Permitted 0.950 0.996
Satd. Flow (perm) 0 4916 1531 1711 3421 0 0 0 0 0 4823 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 91 20
Link Speed (mph) 35 35 35 35
Link Distance (ft) 290 225 131 129
Travel Time (s) 5.6 4.4 2.6 2.5
Peak Hour Factor 0.92 0.94 0.85 0.91 0.92 0.92 0.92 0.92 0.92 0.91 0.90 0.73
Adj. Flow (vph) 0 1078 385 168 490 0 0 0 0 147 1592 189
Shared Lane Traffic (%)
Lane Group Flow (vph) 0 1078 385 168 490 0 0 0 0 0 1928 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type NA Perm Prot NA Perm NA
Protected Phases 6 5 5 6 8 1 2 4
Permitted Phases 6 8
Total Split (s) 40.7 40.7 19.3 60.0 60.0 36.0 24.0 60.0

Lanes, Volumes, Timings
10: SB BW8 WSR U-Turn/SB BW8 WSR 8/18/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 5

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø1 ø2 ø4
Total Lost Time (s) 6.5 6.5 6.5 6.5
Act Effct Green (s) 34.2 34.2 12.8 53.5 53.5
Actuated g/C Ratio 0.28 0.28 0.11 0.45 0.45
v/c Ratio 0.77 0.77 0.92 0.32 0.89
Control Delay 43.7 41.2 56.8 10.3 36.8
Queue Delay 0.7 0.0 19.5 9.5 0.0
Total Delay 44.4 41.2 76.3 19.9 36.8
LOS D D E B D
Approach Delay 43.6 34.3 36.8
Approach LOS D C D

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:EBWB and 6:, Start of Green, Master Intersection
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.10
Intersection Signal Delay: 38.8 Intersection LOS: D
Intersection Capacity Utilization 91.6% ICU Level of Service F
Analysis Period (min) 15

Splits and Phases:     10: SB BW8 WSR U-Turn/SB BW8 WSR



Lanes, Volumes, Timings
13: NB BW8 ESR/NB BW8 ESR U-Turn 8/18/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 6

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø5 ø6 ø8
Lane Configurations
Volume (vph) 383 755 0 0 426 146 186 2010 151 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width (ft) 11 11 11 11 11 11 11 11 11 11 11 11
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 0.91 0.91 0.91 1.00 1.00 1.00 1.00
Frt 0.960 0.850
Flt Protected 0.950 0.996
Satd. Flow (prot) 1711 3421 0 0 4719 0 0 4896 1531 0 0 0
Flt Permitted 0.950 0.996
Satd. Flow (perm) 1711 3421 0 0 4719 0 0 4896 1531 0 0 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 33 91
Link Speed (mph) 35 35 35 35
Link Distance (ft) 225 208 132 141
Travel Time (s) 4.4 4.1 2.6 2.7
Peak Hour Factor 0.83 0.87 0.92 0.92 0.83 0.78 0.89 0.93 0.82 0.92 0.92 0.92
Adj. Flow (vph) 461 868 0 0 513 187 209 2161 184 0 0 0
Shared Lane Traffic (%)
Lane Group Flow (vph) 461 868 0 0 700 0 0 2370 184 0 0 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type Prot NA NA Perm NA Perm
Protected Phases 1 1 2 2 4 5 6 8
Permitted Phases 4 4
Total Split (s) 36.0 24.0 60.0 60.0 60.0 19.3 40.7 60.0
Total Lost Time (s) 6.5 6.5 6.5 6.5
Act Effct Green (s) 29.5 53.5 17.5 53.5 53.5
Actuated g/C Ratio 0.25 0.45 0.15 0.45 0.45

Lanes, Volumes, Timings
13: NB BW8 ESR/NB BW8 ESR U-Turn 8/18/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 7

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø5 ø6 ø8
v/c Ratio 1.10 0.57 0.98 1.09 0.25
Control Delay 86.0 8.8 91.5 79.9 11.2
Queue Delay 0.0 1.1 10.7 6.0 0.0
Total Delay 86.0 9.9 102.2 85.9 11.2
LOS F A F F B
Approach Delay 36.3 102.2 80.5
Approach LOS D F F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:EBWB and 6:, Start of Green, Master Intersection
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.10
Intersection Signal Delay: 71.0 Intersection LOS: E
Intersection Capacity Utilization 91.6% ICU Level of Service F
Analysis Period (min) 15

Splits and Phases:     13: NB BW8 ESR/NB BW8 ESR U-Turn



Lanes, Volumes, Timings
22: Broken Bough 8/18/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 1

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 114 668 13 5 485 109 42 41 4 87 12 53
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width (ft) 11 11 11 11 11 11 11 11 11 11 11 11
Storage Length (ft) 120 0 120 0 0 0 0 50
Storage Lanes 1 0 1 0 0 0 0 1
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 0.95 0.95 1.00 0.95 0.95 1.00 1.00 1.00 1.00 1.00 1.00
Frt 0.995 0.972 0.992 0.850
Flt Protected 0.950 0.950 0.976 0.961
Satd. Flow (prot) 1711 3404 0 1711 3325 0 0 1743 0 0 1730 1531
Flt Permitted 0.950 0.950 0.465 0.631
Satd. Flow (perm) 1711 3404 0 1711 3325 0 0 831 0 0 1136 1531
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 5 40 2 106
Link Speed (mph) 35 35 35 35
Link Distance (ft) 264 140 379 137
Travel Time (s) 5.1 2.7 7.4 2.7
Peak Hour Factor 0.77 0.90 0.54 0.42 0.82 0.80 0.58 0.64 0.50 0.53 0.33 0.74
Adj. Flow (vph) 148 742 24 12 591 136 72 64 8 164 36 72
Shared Lane Traffic (%)
Lane Group Flow (vph) 148 766 0 12 727 0 0 144 0 0 200 72
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type Prot NA Prot NA Perm NA Perm NA Perm
Protected Phases 1 6 5 2 4 8
Permitted Phases 4 8 8
Total Split (s) 20.0 75.0 20.0 75.0 25.0 25.0 25.0 25.0 25.0

Lanes, Volumes, Timings
22: Broken Bough 8/18/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 2

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Total Lost Time (s) 4.9 4.9 4.9 4.9 5.1 5.1 5.1
Act Effct Green (s) 13.8 82.1 9.5 71.4 19.9 19.9 19.9
Actuated g/C Ratio 0.12 0.68 0.08 0.60 0.17 0.17 0.17
v/c Ratio 0.76 0.33 0.09 0.36 1.04 1.06 0.21
Control Delay 70.3 17.5 49.4 12.6 134.9 131.6 4.5
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 70.3 17.5 49.4 12.6 134.9 131.6 4.5
LOS E B D B F F A
Approach Delay 26.1 13.2 134.9 98.0
Approach LOS C B F F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 100 (83%), Referenced to phase 2:NWT and 6:SET, Start of Green
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.06
Intersection Signal Delay: 38.5 Intersection LOS: D
Intersection Capacity Utilization 47.0% ICU Level of Service A
Analysis Period (min) 15

Splits and Phases:     22: Broken Bough



HCM 2010 TWSC
41: Memorial Dr & Old Oaks Ln 8/17/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 18

Intersection
Int Delay, s/veh 2.4

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 31 34 554 50 44 715
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 70 71 79 74 65 83
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 44 48 701 68 68 861

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1301 384 0 0 769 0
          Stage 1 735 - - - - -
          Stage 2 566 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver 153 614 - - 841 -
          Stage 1 435 - - - - -
          Stage 2 532 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 129 614 - - 841 -
Mov Cap-2 Maneuver 129 - - - - -
          Stage 1 435 - - - - -
          Stage 2 450 - - - - -

Approach WB NB SB

HCM 2010 TWSC
41: Memorial Dr & Old Oaks Ln 8/17/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 19

Intersection
HCM Control Delay, s 32.9 0 1.3
HCM LOS D

Minor Lane/Major Mvmt NBT NBR WBLn1 SBL SBT
Capacity (veh/h) - - 219 841 -
HCM Lane V/C Ratio - - 0.421 0.08 -
HCM Control Delay (s) - - 32.9 9.7 0.6
HCM Lane LOS - - D A A
HCM 95th %tile Q(veh) - - 1.9 0.3 -



HCM 2010 TWSC
50: Memorial Dr & Huntingwick Dr 8/17/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 22

Intersection
Int Delay, s/veh 1.3

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 16 25 564 10 9 738
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 40 69 77 83 56 84
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 40 36 732 12 16 879

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1209 372 0 0 745 0
          Stage 1 738 - - - - -
          Stage 2 471 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver 175 625 - - 859 -
          Stage 1 434 - - - - -
          Stage 2 594 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 169 625 - - 859 -
Mov Cap-2 Maneuver 169 - - - - -
          Stage 1 434 - - - - -
          Stage 2 573 - - - - -

Approach WB NB SB

HCM 2010 TWSC
50: Memorial Dr & Huntingwick Dr 8/17/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 23

Intersection
HCM Control Delay, s 24.6 0 0.4
HCM LOS C

Minor Lane/Major Mvmt NBT NBR WBLn1 SBL SBT
Capacity (veh/h) - - 259 859 -
HCM Lane V/C Ratio - - 0.294 0.019 -
HCM Control Delay (s) - - 24.6 9.3 0.2
HCM Lane LOS - - C A A
HCM 95th %tile Q(veh) - - 1.2 0.1 -



HCM 2010 TWSC
4: Memorial Dr & Boheme Drive 8/17/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 1

Intersection
Int Delay, s/veh 3.5

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 25 176 73 544 710 30
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 27 191 79 591 772 33

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 1242 402 804 0 - 0
          Stage 1 788 - - - - -
          Stage 2 454 - - - - -
Critical Hdwy 6.84 6.94 4.14 - - -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 2.22 - - -
Pot Cap-1 Maneuver 167 598 816 - - -
          Stage 1 409 - - - - -
          Stage 2 606 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 143 598 816 - - -
Mov Cap-2 Maneuver 143 - - - - -
          Stage 1 409 - - - - -
          Stage 2 519 - - - - -

Approach EB NB SB

HCM 2010 TWSC
4: Memorial Dr & Boheme Drive 8/17/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 2

Intersection
HCM Control Delay, s 21.9 1.7 0
HCM LOS C

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 816 - 428 - -
HCM Lane V/C Ratio 0.097 - 0.51 - -
HCM Control Delay (s) 9.9 0.6 21.9 - -
HCM Lane LOS A A C - -
HCM 95th %tile Q(veh) 0.3 - 2.8 - -



HCM 2010 TWSC
56: Memorial Dr & Memorial Bend 8/17/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 26

Intersection
Int Delay, s/veh 0.6

Movement WBL WBR SEL SET NWT NWR
Vol, veh/h 10 14 4 887 616 8
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 79 67 50 89 50 70
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 13 21 8 997 1232 11

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 1752 622 1243 0 - 0
          Stage 1 1238 - - - - -
          Stage 2 514 - - - - -
Critical Hdwy 6.84 6.94 4.14 - - -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 2.22 - - -
Pot Cap-1 Maneuver 77 430 556 - - -
          Stage 1 237 - - - - -
          Stage 2 565 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 75 430 556 - - -
Mov Cap-2 Maneuver 75 - - - - -
          Stage 1 237 - - - - -
          Stage 2 547 - - - - -

Approach WB SE NW

HCM 2010 TWSC
56: Memorial Dr & Memorial Bend 8/17/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 27

Intersection
HCM Control Delay, s 34.8 0.3 0
HCM LOS D

Minor Lane/Major Mvmt NWT NWR WBLn1 SEL SET
Capacity (veh/h) - - 154 556 -
HCM Lane V/C Ratio - - 0.218 0.014 -
HCM Control Delay (s) - - 34.8 11.6 0.2
HCM Lane LOS - - D B A
HCM 95th %tile Q(veh) - - 0.8 0 -



HCM 2010 TWSC
21: Memorial Dr & Hollow Drive 8/17/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 6

Intersection
Int Delay, s/veh 0.3

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 2 926 618 23 2 13
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 50 91 79 48 25 81
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 4 1018 782 48 8 16

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 830 0 - 0 1323 415
          Stage 1 - - - - 806 -
          Stage 2 - - - - 517 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 798 - - - 148 586
          Stage 1 - - - - 400 -
          Stage 2 - - - - 563 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 798 - - - 146 586
Mov Cap-2 Maneuver - - - - 146 -
          Stage 1 - - - - 400 -
          Stage 2 - - - - 556 -

Approach EB WB SB

HCM 2010 TWSC
21: Memorial Dr & Hollow Drive 8/17/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 7

Intersection
HCM Control Delay, s 0.1 0 18.4
HCM LOS C

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 798 - - - 293
HCM Lane V/C Ratio 0.005 - - - 0.082
HCM Control Delay (s) 9.5 0.1 - - 18.4
HCM Lane LOS A A - - C
HCM 95th %tile Q(veh) 0 - - - 0.3



HCM 2010 TWSC
26: Somerset Pl & Memorial Dr 8/17/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 9

Intersection
Int Delay, s/veh 1.6

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 928 6 28 592 14 49
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 85 75 78 76 88 58
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 1092 8 36 779 16 84

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1100 0 1557 550
          Stage 1 - - - - 1096 -
          Stage 2 - - - - 461 -
Critical Hdwy - - 4.14 - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy - - 2.22 - 3.52 3.32
Pot Cap-1 Maneuver - - 630 - 103 479
          Stage 1 - - - - 282 -
          Stage 2 - - - - 601 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 630 - 93 479
Mov Cap-2 Maneuver - - - - 93 -
          Stage 1 - - - - 282 -
          Stage 2 - - - - 540 -

Approach EB WB NB

HCM 2010 TWSC
26: Somerset Pl & Memorial Dr 8/17/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 10

Intersection
HCM Control Delay, s 0 1 23.9
HCM LOS C

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 289 - - 630 -
HCM Lane V/C Ratio 0.347 - - 0.057 -
HCM Control Delay (s) 23.9 - - 11.1 0.5
HCM Lane LOS C - - B A
HCM 95th %tile Q(veh) 1.5 - - 0.2 -



HCM 2010 TWSC
55: Legend Ln & Memorial Dr 8/17/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 24

Intersection
Int Delay, s/veh 0.9

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 964 5 9 633 8 20
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 84 63 45 75 50 71
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 1148 8 20 844 16 28

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1156 0 1614 578
          Stage 1 - - - - 1152 -
          Stage 2 - - - - 462 -
Critical Hdwy - - 4.14 - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy - - 2.22 - 3.52 3.32
Pot Cap-1 Maneuver - - 600 - 95 459
          Stage 1 - - - - 263 -
          Stage 2 - - - - 601 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 600 - 89 459
Mov Cap-2 Maneuver - - - - 89 -
          Stage 1 - - - - 263 -
          Stage 2 - - - - 563 -

Approach EB WB NB

HCM 2010 TWSC
55: Legend Ln & Memorial Dr 8/17/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 25

Intersection
HCM Control Delay, s 0 0.6 30.8
HCM LOS D

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 183 - - 600 -
HCM Lane V/C Ratio 0.241 - - 0.033 -
HCM Control Delay (s) 30.8 - - 11.2 0.3
HCM Lane LOS D - - B A
HCM 95th %tile Q(veh) 0.9 - - 0.1 -



HCM 2010 TWSC
48: Memorial Dr & Tallowood Dr 8/17/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 20

Intersection
Int Delay, s/veh 3.3

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 89 890 573 29 12 66
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 70 86 73 73 60 63
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 127 1035 785 40 20 105

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 825 0 - 0 1577 412
          Stage 1 - - - - 805 -
          Stage 2 - - - - 772 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 801 - - - 100 589
          Stage 1 - - - - 400 -
          Stage 2 - - - - 416 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 801 - - - 63 589
Mov Cap-2 Maneuver - - - - 63 -
          Stage 1 - - - - 400 -
          Stage 2 - - - - 261 -

Approach EB WB SB

HCM 2010 TWSC
48: Memorial Dr & Tallowood Dr 8/17/2015

2015 AM Peak 7:30 am 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 21

Intersection
HCM Control Delay, s 2.5 0 32.5
HCM LOS D

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 801 - - - 252
HCM Lane V/C Ratio 0.159 - - - 0.495
HCM Control Delay (s) 10.3 1.5 - - 32.5
HCM Lane LOS B A - - D
HCM 95th %tile Q(veh) 0.6 - - - 2.5
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Lanes, Volumes, Timings
10: SB BW8 WSR U-Turn/SB BW8 WSR 8/18/2015

2016 AM Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø1 ø2 ø4
Lane Configurations
Volume (vph) 0 1080 330 165 485 0 0 0 0 171 1446 140
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width (ft) 11 11 11 11 11 11 11 11 11 11 11 11
Storage Length (ft) 0 120 0 0 0 0 0 0
Storage Lanes 0 1 1 0 0 0 0 0
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 0.91 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.91 0.91 0.91
Frt 0.850 0.986
Flt Protected 0.950 0.995
Satd. Flow (prot) 0 4916 1531 1711 3421 0 0 0 0 0 4823 0
Flt Permitted 0.950 0.995
Satd. Flow (perm) 0 4916 1531 1711 3421 0 0 0 0 0 4823 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 91 19
Link Speed (mph) 35 35 35 35
Link Distance (ft) 290 225 131 129
Travel Time (s) 5.6 4.4 2.6 2.5
Peak Hour Factor 0.92 0.94 0.85 0.91 0.92 0.92 0.92 0.92 0.92 0.91 0.90 0.73
Adj. Flow (vph) 0 1149 388 181 527 0 0 0 0 188 1607 192
Shared Lane Traffic (%)
Lane Group Flow (vph) 0 1149 388 181 527 0 0 0 0 0 1987 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type NA Perm Prot NA Split NA
Protected Phases 6 5 5 6 8 8 1 2 4
Permitted Phases 6
Total Split (s) 40.0 40.0 20.0 60.0 60.0 36.0 24.0 60.0

Lanes, Volumes, Timings
10: SB BW8 WSR U-Turn/SB BW8 WSR 8/18/2015

2016 AM Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 5

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø1 ø2 ø4
Total Lost Time (s) 6.5 6.5 6.5 6.5
Act Effct Green (s) 33.5 33.5 13.5 53.5 53.5
Actuated g/C Ratio 0.28 0.28 0.11 0.45 0.45
v/c Ratio 0.84 0.79 0.94 0.35 0.92
Control Delay 47.2 43.0 57.2 9.9 39.1
Queue Delay 1.7 0.0 28.1 19.9 0.7
Total Delay 48.9 43.0 85.3 29.8 39.8
LOS D D F C D
Approach Delay 47.4 44.0 39.8
Approach LOS D D D

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:EBWB and 6:, Start of Green, Master Intersection
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.11
Intersection Signal Delay: 43.3 Intersection LOS: D
Intersection Capacity Utilization 93.4% ICU Level of Service F
Analysis Period (min) 15

Splits and Phases:     10: SB BW8 WSR U-Turn/SB BW8 WSR



Lanes, Volumes, Timings
13: NB BW8 ESR/NB BW8 ESR U-Turn 8/18/2015

2016 AM Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 6

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø5 ø6 ø8
Lane Configurations
Volume (vph) 387 828 0 0 470 162 188 2027 166 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width (ft) 11 11 11 11 11 11 11 11 11 11 11 11
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 0.91 0.91 0.91 1.00 1.00 1.00 1.00
Frt 0.960 0.850
Flt Protected 0.950 0.996
Satd. Flow (prot) 1711 3421 0 0 4719 0 0 4896 1531 0 0 0
Flt Permitted 0.950 0.996
Satd. Flow (perm) 1711 3421 0 0 4719 0 0 4896 1531 0 0 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 32 91
Link Speed (mph) 35 35 35 35
Link Distance (ft) 225 208 132 141
Travel Time (s) 4.4 4.1 2.6 2.7
Peak Hour Factor 0.83 0.87 0.92 0.92 0.83 0.78 0.89 0.93 0.82 0.92 0.92 0.92
Adj. Flow (vph) 466 952 0 0 566 208 211 2180 202 0 0 0
Shared Lane Traffic (%)
Lane Group Flow (vph) 466 952 0 0 774 0 0 2391 202 0 0 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type Prot NA NA Perm NA Perm
Protected Phases 1 1 2 2 4 5 6 8
Permitted Phases 4 4
Total Split (s) 36.0 24.0 60.0 60.0 60.0 20.0 40.0 60.0
Total Lost Time (s) 6.5 6.5 6.5 6.5
Act Effct Green (s) 29.5 53.5 17.5 53.5 53.5
Actuated g/C Ratio 0.25 0.45 0.15 0.45 0.45

Lanes, Volumes, Timings
13: NB BW8 ESR/NB BW8 ESR U-Turn 8/18/2015

2016 AM Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 7

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø5 ø6 ø8
v/c Ratio 1.11 0.62 1.08 1.10 0.28
Control Delay 88.4 10.5 101.8 83.6 12.3
Queue Delay 0.1 2.0 7.3 1.9 0.0
Total Delay 88.5 12.4 109.0 85.4 12.3
LOS F B F F B
Approach Delay 37.4 109.0 79.7
Approach LOS D F E

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:EBWB and 6:, Start of Green, Master Intersection
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.11
Intersection Signal Delay: 71.9 Intersection LOS: E
Intersection Capacity Utilization 93.4% ICU Level of Service F
Analysis Period (min) 15

Splits and Phases:     13: NB BW8 ESR/NB BW8 ESR U-Turn



Lanes, Volumes, Timings
22: Broken Bough 8/18/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 1

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 115 753 14 6 544 110 43 42 5 88 13 54
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width (ft) 11 11 11 11 11 11 11 11 11 11 11 11
Storage Length (ft) 120 0 120 0 0 0 0 50
Storage Lanes 1 0 1 0 0 0 0 1
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 0.95 0.95 1.00 0.95 0.95 1.00 1.00 1.00 1.00 1.00 1.00
Frt 0.995 0.974 0.991 0.850
Flt Protected 0.950 0.950 0.976 0.961
Satd. Flow (prot) 1711 3404 0 1711 3332 0 0 1742 0 0 1730 1531
Flt Permitted 0.950 0.950 0.479 0.634
Satd. Flow (perm) 1711 3404 0 1711 3332 0 0 855 0 0 1142 1531
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 4 34 3 150
Link Speed (mph) 35 35 35 35
Link Distance (ft) 264 140 379 137
Travel Time (s) 5.1 2.7 7.4 2.7
Peak Hour Factor 0.77 0.90 0.54 0.42 0.82 0.80 0.58 0.64 0.50 0.53 0.33 0.74
Adj. Flow (vph) 149 837 26 14 663 138 74 66 10 166 39 73
Shared Lane Traffic (%)
Lane Group Flow (vph) 149 863 0 14 801 0 0 150 0 0 205 73
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type Prot NA Prot NA Perm NA Perm NA Perm
Protected Phases 1 6 5 2 4 8
Permitted Phases 4 8 8
Total Split (s) 20.0 75.0 20.0 75.0 25.0 25.0 25.0 25.0 25.0

Lanes, Volumes, Timings
22: Broken Bough 8/18/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 2

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Total Lost Time (s) 6.5 6.5 6.5 6.5 6.5 6.5 6.5
Act Effct Green (s) 12.9 80.5 8.9 69.1 18.5 18.5 18.5
Actuated g/C Ratio 0.11 0.67 0.07 0.58 0.15 0.15 0.15
v/c Ratio 0.81 0.38 0.11 0.41 1.12 1.16 0.20
Control Delay 89.3 3.1 51.2 14.4 159.2 164.1 1.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 89.3 3.1 51.2 14.4 159.2 164.1 1.3
LOS F A D B F F A
Approach Delay 15.8 15.0 159.2 121.3
Approach LOS B B F F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 15 (13%), Referenced to phase 2:NWT, Start of Green
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.16
Intersection Signal Delay: 38.1 Intersection LOS: D
Intersection Capacity Utilization 52.7% ICU Level of Service A
Analysis Period (min) 15

Splits and Phases:     22: Broken Bough



HCM 2010 TWSC
41: Memorial Dr & Old Oaks Ln 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 18

Intersection
Int Delay, s/veh 3

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 32 35 613 51 45 801
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 70 71 79 74 65 83
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 46 49 776 69 69 965

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1431 422 0 0 845 0
          Stage 1 810 - - - - -
          Stage 2 621 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver 125 580 - - 787 -
          Stage 1 398 - - - - -
          Stage 2 498 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 101 580 - - 787 -
Mov Cap-2 Maneuver 101 - - - - -
          Stage 1 398 - - - - -
          Stage 2 404 - - - - -

Approach WB NB SB

HCM 2010 TWSC
41: Memorial Dr & Old Oaks Ln 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 19

Intersection
HCM Control Delay, s 46.7 0 1.4
HCM LOS E

Minor Lane/Major Mvmt NBT NBR WBLn1 SBL SBT
Capacity (veh/h) - - 177 787 -
HCM Lane V/C Ratio - - 0.537 0.088 -
HCM Control Delay (s) - - 46.7 10 0.8
HCM Lane LOS - - E B A
HCM 95th %tile Q(veh) - - 2.7 0.3 -



HCM 2010 TWSC
50: Memorial Dr & Huntingwick Dr 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 22

Intersection
Int Delay, s/veh 1.6

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 17 26 623 11 10 824
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 40 69 77 83 56 84
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 42 38 809 13 18 981

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1342 411 0 0 822 0
          Stage 1 816 - - - - -
          Stage 2 526 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver 143 590 - - 803 -
          Stage 1 395 - - - - -
          Stage 2 557 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 136 590 - - 803 -
Mov Cap-2 Maneuver 136 - - - - -
          Stage 1 395 - - - - -
          Stage 2 530 - - - - -

Approach WB NB SB

HCM 2010 TWSC
50: Memorial Dr & Huntingwick Dr 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 23

Intersection
HCM Control Delay, s 31.8 0 0.4
HCM LOS D

Minor Lane/Major Mvmt NBT NBR WBLn1 SBL SBT
Capacity (veh/h) - - 213 803 -
HCM Lane V/C Ratio - - 0.376 0.022 -
HCM Control Delay (s) - - 31.8 9.6 0.2
HCM Lane LOS - - D A A
HCM 95th %tile Q(veh) - - 1.6 0.1 -



HCM 2010 TWSC
4: Boheme Drive & Memorial Dr 8/19/2015

2016 AM Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 1

Intersection
Int Delay, s/veh 17.2

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 26 178 74 603 795 31
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 63 59 63 88 91 47
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 41 302 117 685 874 66

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 1485 470 940 0 - 0
          Stage 1 907 - - - - -
          Stage 2 578 - - - - -
Critical Hdwy 6.84 6.94 4.14 - - -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 2.22 - - -
Pot Cap-1 Maneuver 115 540 725 - - -
          Stage 1 354 - - - - -
          Stage 2 524 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 85 540 725 - - -
Mov Cap-2 Maneuver 85 - - - - -
          Stage 1 354 - - - - -
          Stage 2 387 - - - - -

Approach EB NB SB

HCM 2010 TWSC
4: Boheme Drive & Memorial Dr 8/19/2015

2016 AM Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 2

Intersection
HCM Control Delay, s 98.8 2.5 0
HCM LOS F

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 725 - 328 - -
HCM Lane V/C Ratio 0.162 - 1.046 - -
HCM Control Delay (s) 10.9 1.1 98.8 - -
HCM Lane LOS B A F - -
HCM 95th %tile Q(veh) 0.6 - 12.3 - -



HCM 2010 TWSC
56: Memorial Dr & Memorial Bend 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 26

Intersection
Int Delay, s/veh 0.9

Movement WBL WBR SEL SET NWT NWR
Vol, veh/h 11 15 5 974 676 9
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 79 67 50 89 50 70
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 14 22 10 1094 1352 13

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 1925 682 1365 0 - 0
          Stage 1 1358 - - - - -
          Stage 2 567 - - - - -
Critical Hdwy 6.84 6.94 4.14 - - -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 2.22 - - -
Pot Cap-1 Maneuver 59 392 499 - - -
          Stage 1 204 - - - - -
          Stage 2 531 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 56 392 499 - - -
Mov Cap-2 Maneuver 56 - - - - -
          Stage 1 204 - - - - -
          Stage 2 504 - - - - -

Approach WB SE NW

HCM 2010 TWSC
56: Memorial Dr & Memorial Bend 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 27

Intersection
HCM Control Delay, s 48 0.4 0
HCM LOS E

Minor Lane/Major Mvmt NWT NWR WBLn1 SEL SET
Capacity (veh/h) - - 119 499 -
HCM Lane V/C Ratio - - 0.305 0.02 -
HCM Control Delay (s) - - 48 12.4 0.3
HCM Lane LOS - - E B A
HCM 95th %tile Q(veh) - - 1.2 0.1 -



HCM 2010 TWSC
21: Memorial Dr & Hollow Drive 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 6

Intersection
Int Delay, s/veh 0.4

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 3 1013 667 36 3 14
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 50 91 79 48 25 81
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 6 1113 844 75 12 17

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 919 0 - 0 1451 460
          Stage 1 - - - - 882 -
          Stage 2 - - - - 569 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 738 - - - 122 548
          Stage 1 - - - - 365 -
          Stage 2 - - - - 530 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 738 - - - 119 548
Mov Cap-2 Maneuver - - - - 119 -
          Stage 1 - - - - 365 -
          Stage 2 - - - - 519 -

Approach EB WB SB

HCM 2010 TWSC
21: Memorial Dr & Hollow Drive 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 7

Intersection
HCM Control Delay, s 0.2 0 23.8
HCM LOS C

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 738 - - - 221
HCM Lane V/C Ratio 0.008 - - - 0.133
HCM Control Delay (s) 9.9 0.1 - - 23.8
HCM Lane LOS A A - - C
HCM 95th %tile Q(veh) 0 - - - 0.5



HCM 2010 TWSC
26: Somerset Pl & Memorial Dr 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 9

Intersection
Int Delay, s/veh 2.7

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 1015 14 58 651 15 50
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 85 75 78 76 88 58
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 1194 19 74 857 17 86

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1213 0 1780 606
          Stage 1 - - - - 1203 -
          Stage 2 - - - - 577 -
Critical Hdwy - - 4.14 - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy - - 2.22 - 3.52 3.32
Pot Cap-1 Maneuver - - 571 - 73 440
          Stage 1 - - - - 247 -
          Stage 2 - - - - 525 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 571 - 55 440
Mov Cap-2 Maneuver - - - - 55 -
          Stage 1 - - - - 247 -
          Stage 2 - - - - 395 -

Approach EB WB NB

HCM 2010 TWSC
26: Somerset Pl & Memorial Dr 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 10

Intersection
HCM Control Delay, s 0 2.2 39.5
HCM LOS E

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 204 - - 571 -
HCM Lane V/C Ratio 0.506 - - 0.13 -
HCM Control Delay (s) 39.5 - - 12.2 1.3
HCM Lane LOS E - - B A
HCM 95th %tile Q(veh) 2.6 - - 0.4 -



HCM 2010 TWSC
55: Legend Ln & Memorial Dr 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 24

Intersection
Int Delay, s/veh 1.2

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 1052 6 10 693 9 21
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 84 63 45 75 50 71
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 1252 10 22 924 18 30

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1262 0 1763 631
          Stage 1 - - - - 1257 -
          Stage 2 - - - - 506 -
Critical Hdwy - - 4.14 - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy - - 2.22 - 3.52 3.32
Pot Cap-1 Maneuver - - 547 - 75 424
          Stage 1 - - - - 231 -
          Stage 2 - - - - 571 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 547 - 69 424
Mov Cap-2 Maneuver - - - - 69 -
          Stage 1 - - - - 231 -
          Stage 2 - - - - 524 -

Approach EB WB NB

HCM 2010 TWSC
55: Legend Ln & Memorial Dr 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 25

Intersection
HCM Control Delay, s 0 0.8 41.9
HCM LOS E

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 144 - - 547 -
HCM Lane V/C Ratio 0.33 - - 0.041 -
HCM Control Delay (s) 41.9 - - 11.9 0.5
HCM Lane LOS E - - B A
HCM 95th %tile Q(veh) 1.3 - - 0.1 -



HCM 2010 TWSC
48: Memorial Dr & Tallowood Dr 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 20

Intersection
Int Delay, s/veh 4.9

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 90 977 632 30 13 67
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 70 86 73 73 60 63
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 129 1136 866 41 22 106

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 907 0 - 0 1711 453
          Stage 1 - - - - 886 -
          Stage 2 - - - - 825 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 746 - - - 82 554
          Stage 1 - - - - 363 -
          Stage 2 - - - - 391 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 746 - - - 44 554
Mov Cap-2 Maneuver - - - - 44 -
          Stage 1 - - - - 363 -
          Stage 2 - - - - 208 -

Approach EB WB SB

HCM 2010 TWSC
48: Memorial Dr & Tallowood Dr 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 21

Intersection
HCM Control Delay, s 3 0 58
HCM LOS F

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 746 - - - 187
HCM Lane V/C Ratio 0.172 - - - 0.685
HCM Control Delay (s) 10.8 2.1 - - 58
HCM Lane LOS B A - - F
HCM 95th %tile Q(veh) 0.6 - - - 4.2
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Lanes, Volumes, Timings
10: SB BW8 WSR U-Turn/SB BW8 WSR 8/18/2015

2016 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø1 ø2 ø4
Lane Configurations
Volume (vph) 0 1080 330 165 485 0 0 0 0 171 1446 140
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Storage Length (ft) 0 120 0 0 0 0 0 0
Storage Lanes 0 1 1 0 0 0 0 0
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 0.91 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.91 0.91 0.91
Frt 0.850 0.986
Flt Protected 0.950 0.995
Satd. Flow (prot) 0 4916 1531 1711 3421 0 0 0 0 0 4823 0
Flt Permitted 0.950 0.995
Satd. Flow (perm) 0 4916 1531 1711 3421 0 0 0 0 0 4823 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 91 19
Link Speed (mph) 35 35 35 35
Link Distance (ft) 290 225 131 129
Travel Time (s) 5.6 4.4 2.6 2.5
Peak Hour Factor 0.92 0.94 0.85 0.91 0.92 0.92 0.92 0.92 0.92 0.91 0.90 0.73
Adj. Flow (vph) 0 1149 388 181 527 0 0 0 0 188 1607 192
Shared Lane Traffic (%)
Lane Group Flow (vph) 0 1149 388 181 527 0 0 0 0 0 1987 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type NA Perm Prot NA Perm NA
Protected Phases 6 5 5 6 8 1 2 4
Permitted Phases 6 8
Total Split (s) 40.0 40.0 20.0 60.0 60.0 36.0 24.0 60.0
Total Lost Time (s) 6.5 6.5 6.5 6.5

Lanes, Volumes, Timings
10: SB BW8 WSR U-Turn/SB BW8 WSR 8/18/2015

2016 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 5

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø1 ø2 ø4
Act Effct Green (s) 33.5 33.5 13.5 53.5 53.5
Actuated g/C Ratio 0.28 0.28 0.11 0.45 0.45
v/c Ratio 0.84 0.79 0.94 0.35 0.92
Control Delay 47.2 43.0 56.9 10.4 39.1
Queue Delay 1.7 0.0 30.1 22.7 0.7
Total Delay 48.9 43.0 87.0 33.2 39.8
LOS D D F C D
Approach Delay 47.4 46.9 39.8
Approach LOS D D D

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:EBWB and 6:, Start of Green, Master Intersection
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.11
Intersection Signal Delay: 43.8 Intersection LOS: D
Intersection Capacity Utilization 93.7% ICU Level of Service F
Analysis Period (min) 15

Splits and Phases:     10: SB BW8 WSR U-Turn/SB BW8 WSR



Lanes, Volumes, Timings
13: NB BW8 ESR/SB BW8 WSR U-Turn 8/18/2015

2016 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 6

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø5 ø6 ø8
Lane Configurations
Volume (vph) 387 828 0 0 470 164 201 2027 166 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 0.91 0.91 0.91 1.00 1.00 1.00 1.00
Frt 0.959 0.850
Flt Protected 0.950 0.995
Satd. Flow (prot) 1711 3421 0 0 4714 0 0 4891 1531 0 0 0
Flt Permitted 0.950 0.995
Satd. Flow (perm) 1711 3421 0 0 4714 0 0 4891 1531 0 0 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 32 91
Link Speed (mph) 35 35 35 35
Link Distance (ft) 225 208 132 141
Travel Time (s) 4.4 4.1 2.6 2.7
Peak Hour Factor 0.83 0.87 0.92 0.92 0.83 0.78 0.89 0.93 0.82 0.92 0.92 0.92
Adj. Flow (vph) 466 952 0 0 566 210 226 2180 202 0 0 0
Shared Lane Traffic (%)
Lane Group Flow (vph) 466 952 0 0 776 0 0 2406 202 0 0 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type Prot NA NA Perm NA Perm
Protected Phases 1 1 2 2 4 5 6 8
Permitted Phases 4 4
Total Split (s) 36.0 24.0 60.0 60.0 60.0 20.0 40.0 60.0
Total Lost Time (s) 6.5 6.5 6.5 6.5
Act Effct Green (s) 29.5 53.5 17.5 53.5 53.5
Actuated g/C Ratio 0.25 0.45 0.15 0.45 0.45
v/c Ratio 1.11 0.62 1.09 1.10 0.28

Lanes, Volumes, Timings
13: NB BW8 ESR/SB BW8 WSR U-Turn 8/18/2015

2016 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 7

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø5 ø6 ø8
Control Delay 88.4 10.5 97.8 86.6 12.3
Queue Delay 0.1 2.0 5.6 0.1 0.0
Total Delay 88.5 12.4 103.4 86.7 12.3
LOS F B F F B
Approach Delay 37.4 103.4 80.9
Approach LOS D F F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:EBWB and 6:, Start of Green, Master Intersection
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.11
Intersection Signal Delay: 71.7 Intersection LOS: E
Intersection Capacity Utilization 93.7% ICU Level of Service F
Analysis Period (min) 15

Splits and Phases:     13: NB BW8 ESR/SB BW8 WSR U-Turn



Lanes, Volumes, Timings
22: Broken Bough 8/18/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 1

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 115 753 14 6 544 110 43 42 5 88 13 54
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Storage Length (ft) 140 0 100 0 0 0 100 0
Storage Lanes 1 0 1 0 0 0 0 1
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 0.95 0.95 1.00 0.95 0.95 1.00 1.00 1.00 1.00 1.00 1.00
Frt 0.995 0.974 0.991 0.850
Flt Protected 0.950 0.950 0.976 0.961
Satd. Flow (prot) 1711 3404 0 1711 3332 0 0 1742 0 0 1730 1531
Flt Permitted 0.950 0.950 0.479 0.634
Satd. Flow (perm) 1711 3404 0 1711 3332 0 0 855 0 0 1142 1531
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 4 34 3 150
Link Speed (mph) 35 35 35 35
Link Distance (ft) 264 140 379 137
Travel Time (s) 5.1 2.7 7.4 2.7
Peak Hour Factor 0.77 0.90 0.54 0.42 0.82 0.80 0.58 0.64 0.50 0.53 0.33 0.74
Adj. Flow (vph) 149 837 26 14 663 138 74 66 10 166 39 73
Shared Lane Traffic (%)
Lane Group Flow (vph) 149 863 0 14 801 0 0 150 0 0 205 73
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type Prot NA Prot NA Perm NA Perm NA Perm
Protected Phases 1 6 5 2 4 8
Permitted Phases 4 8 8
Total Split (s) 20.0 75.0 20.0 75.0 25.0 25.0 25.0 25.0 25.0
Total Lost Time (s) 6.5 6.5 6.5 6.5 6.5 6.5 6.5

Lanes, Volumes, Timings
22: Broken Bough 8/18/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 2

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Act Effct Green (s) 12.9 80.5 8.9 69.1 18.5 18.5 18.5
Actuated g/C Ratio 0.11 0.67 0.07 0.58 0.15 0.15 0.15
v/c Ratio 0.81 0.38 0.11 0.41 1.12 1.16 0.20
Control Delay 76.3 23.7 51.2 14.4 159.2 164.1 1.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 76.3 23.7 51.2 14.4 159.2 164.1 1.3
LOS E C D B F F A
Approach Delay 31.4 15.0 159.2 121.3
Approach LOS C B F F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 15 (13%), Referenced to phase 2:NWT, Start of Green
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.16
Intersection Signal Delay: 45.1 Intersection LOS: D
Intersection Capacity Utilization 52.7% ICU Level of Service A
Analysis Period (min) 15

Splits and Phases:     22: Broken Bough



HCM 2010 TWSC
41: Memorial Dr & Old Oaks Ln 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 18

Intersection
Int Delay, s/veh 2.3

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 32 35 613 51 45 801
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - 200 -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 70 71 79 74 65 83
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 46 49 776 69 69 965

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1431 422 0 0 845 0
          Stage 1 810 - - - - -
          Stage 2 621 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver 125 580 - - 787 -
          Stage 1 398 - - - - -
          Stage 2 498 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 114 580 - - 787 -
Mov Cap-2 Maneuver 114 - - - - -
          Stage 1 398 - - - - -
          Stage 2 454 - - - - -

Approach WB NB SB

HCM 2010 TWSC
41: Memorial Dr & Old Oaks Ln 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 19

Intersection
HCM Control Delay, s 39.8 0 0.7
HCM LOS E

Minor Lane/Major Mvmt NBT NBR WBLn1 SBL SBT
Capacity (veh/h) - - 195 787 -
HCM Lane V/C Ratio - - 0.487 0.088 -
HCM Control Delay (s) - - 39.8 10 -
HCM Lane LOS - - E B -
HCM 95th %tile Q(veh) - - 2.4 0.3 -



HCM 2010 TWSC
50: Memorial Dr & Huntingwick Dr 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 22

Intersection
Int Delay, s/veh 0.4

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 0 43 623 11 0 801
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length - 0 - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 40 69 77 83 56 84
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 0 62 809 13 0 954

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1293 411 0 0 822 0
          Stage 1 816 - - - - -
          Stage 2 477 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver 154 590 - - 803 -
          Stage 1 395 - - - - -
          Stage 2 590 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 154 590 - - 803 -
Mov Cap-2 Maneuver 154 - - - - -
          Stage 1 395 - - - - -
          Stage 2 590 - - - - -

Approach WB NB SB

HCM 2010 TWSC
50: Memorial Dr & Huntingwick Dr 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 23

Intersection
HCM Control Delay, s 11.8 0 0
HCM LOS B

Minor Lane/Major Mvmt NBT NBR WBLn1 SBL SBT
Capacity (veh/h) - - 590 803 -
HCM Lane V/C Ratio - - 0.106 - -
HCM Control Delay (s) - - 11.8 0 -
HCM Lane LOS - - B A -
HCM 95th %tile Q(veh) - - 0.4 0 -



HCM 2010 TWSC
4: Memorial Dr & Boheme Drive 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 1

Intersection
Int Delay, s/veh 13.9

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 26 178 74 603 795 31
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - 100 - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 63 59 63 88 91 47
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 41 302 117 685 874 66

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 1485 470 940 0 - 0
          Stage 1 907 - - - - -
          Stage 2 578 - - - - -
Critical Hdwy 6.84 6.94 4.14 - - -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 2.22 - - -
Pot Cap-1 Maneuver 115 540 725 - - -
          Stage 1 354 - - - - -
          Stage 2 524 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 96 540 725 - - -
Mov Cap-2 Maneuver 96 - - - - -
          Stage 1 354 - - - - -
          Stage 2 439 - - - - -

Approach EB NB SB

HCM 2010 TWSC
4: Memorial Dr & Boheme Drive 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 2

Intersection
HCM Control Delay, s 80.7 1.6 0
HCM LOS F

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 725 - 347 - -
HCM Lane V/C Ratio 0.162 - 0.988 - -
HCM Control Delay (s) 10.9 - 80.7 - -
HCM Lane LOS B - F - -
HCM 95th %tile Q(veh) 0.6 - 11.1 - -



HCM 2010 TWSC
56: Memorial Dr & Memorial Bend 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 26

Intersection
Int Delay, s/veh 0.6

Movement SEL SET NWT NWR SWL SWR
Vol, veh/h 5 974 676 9 11 15
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length 0 - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 50 89 79 67 50 70
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 10 1094 856 13 22 21

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 869 0 - 0 1429 435
          Stage 1 - - - - 862 -
          Stage 2 - - - - 567 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 771 - - - 126 569
          Stage 1 - - - - 374 -
          Stage 2 - - - - 531 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 771 - - - 124 569
Mov Cap-2 Maneuver - - - - 124 -
          Stage 1 - - - - 374 -
          Stage 2 - - - - 524 -

Approach SE NW SW

HCM 2010 TWSC
56: Memorial Dr & Memorial Bend 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 27

Intersection
HCM Control Delay, s 0.1 0 27.6
HCM LOS D

Minor Lane/Major Mvmt NWT NWR SEL SET SWLn1
Capacity (veh/h) - - 771 - 202
HCM Lane V/C Ratio - - 0.013 - 0.215
HCM Control Delay (s) - - 9.7 - 27.6
HCM Lane LOS - - A - D
HCM 95th %tile Q(veh) - - 0 - 0.8



HCM 2010 TWSC
21: Memorial Dr & Hollow Drive 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 6

Intersection
Int Delay, s/veh 0.4

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 3 1013 667 36 3 14
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length 100 - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 50 91 79 48 25 81
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 6 1113 844 75 12 17

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 919 0 - 0 1451 460
          Stage 1 - - - - 882 -
          Stage 2 - - - - 569 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 738 - - - 122 548
          Stage 1 - - - - 365 -
          Stage 2 - - - - 530 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 738 - - - 121 548
Mov Cap-2 Maneuver - - - - 121 -
          Stage 1 - - - - 365 -
          Stage 2 - - - - 526 -

Approach EB WB SB

HCM 2010 TWSC
21: Memorial Dr & Hollow Drive 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 7

Intersection
HCM Control Delay, s 0.1 0 23.5
HCM LOS C

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 738 - - - 224
HCM Lane V/C Ratio 0.008 - - - 0.131
HCM Control Delay (s) 9.9 - - - 23.5
HCM Lane LOS A - - - C
HCM 95th %tile Q(veh) 0 - - - 0.4



HCM 2010 TWSC
26: Somerset Pl & Memorial Dr 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 9

Intersection
Int Delay, s/veh 2

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 1015 14 58 651 15 50
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - 100 - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 85 75 78 76 88 58
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 1194 19 74 857 17 86

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1213 0 1780 606
          Stage 1 - - - - 1203 -
          Stage 2 - - - - 577 -
Critical Hdwy - - 4.14 - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy - - 2.22 - 3.52 3.32
Pot Cap-1 Maneuver - - 571 - 73 440
          Stage 1 - - - - 247 -
          Stage 2 - - - - 525 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 571 - 64 440
Mov Cap-2 Maneuver - - - - 64 -
          Stage 1 - - - - 247 -
          Stage 2 - - - - 457 -

Approach EB WB NB

HCM 2010 TWSC
26: Somerset Pl & Memorial Dr 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 10

Intersection
HCM Control Delay, s 0 1 34.3
HCM LOS D

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 223 - - 571 -
HCM Lane V/C Ratio 0.463 - - 0.13 -
HCM Control Delay (s) 34.3 - - 12.2 -
HCM Lane LOS D - - B -
HCM 95th %tile Q(veh) 2.2 - - 0.4 -



HCM 2010 TWSC
55: Legend Ln & Memorial Dr 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 24

Intersection
Int Delay, s/veh 1

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 1052 6 10 693 9 21
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - 100 - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 84 63 45 75 50 70
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 1252 10 22 924 18 30

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1262 0 1763 631
          Stage 1 - - - - 1257 -
          Stage 2 - - - - 506 -
Critical Hdwy - - 4.14 - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy - - 2.22 - 3.52 3.32
Pot Cap-1 Maneuver - - 547 - 75 424
          Stage 1 - - - - 231 -
          Stage 2 - - - - 571 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 547 - 72 424
Mov Cap-2 Maneuver - - - - 72 -
          Stage 1 - - - - 231 -
          Stage 2 - - - - 548 -

Approach EB WB NB

HCM 2010 TWSC
55: Legend Ln & Memorial Dr 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 25

Intersection
HCM Control Delay, s 0 0.3 39.9
HCM LOS E

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 150 - - 547 -
HCM Lane V/C Ratio 0.32 - - 0.041 -
HCM Control Delay (s) 39.9 - - 11.9 -
HCM Lane LOS E - - B -
HCM 95th %tile Q(veh) 1.3 - - 0.1 -



HCM 2010 TWSC
48: Memorial Dr & Tallowood Dr 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 20

Intersection
Int Delay, s/veh 2.5

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 90 977 632 30 13 67
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length 100 - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 70 86 73 73 60 63
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 129 1136 866 41 22 106

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 907 0 - 0 1711 453
          Stage 1 - - - - 886 -
          Stage 2 - - - - 825 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 746 - - - 82 554
          Stage 1 - - - - 363 -
          Stage 2 - - - - 391 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 746 - - - 68 554
Mov Cap-2 Maneuver - - - - 68 -
          Stage 1 - - - - 363 -
          Stage 2 - - - - 323 -

Approach EB WB SB

HCM 2010 TWSC
48: Memorial Dr & Tallowood Dr 8/17/2015

2016 AM Peak 7:30 am 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 21

Intersection
HCM Control Delay, s 1.1 0 33.4
HCM LOS D

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 746 - - - 251
HCM Lane V/C Ratio 0.172 - - - 0.51
HCM Control Delay (s) 10.8 - - - 33.4
HCM Lane LOS B - - - D
HCM 95th %tile Q(veh) 0.6 - - - 2.7
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Lanes, Volumes, Timings
10: SB BW8 WSR U-Turn/SB BW8 WSR 8/18/2015

2030 A.M. Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø1 ø2 ø4
Lane Configurations
Volume (vph) 0 1215 372 186 546 0 0 0 0 162 1626 158
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Storage Length (ft) 0 120 0 0 0 0 0 0
Storage Lanes 0 1 1 0 0 0 0 0
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 0.91 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.91 0.91 0.91
Frt 0.850 0.985
Flt Protected 0.950 0.996
Satd. Flow (prot) 0 4916 1531 1711 3421 0 0 0 0 0 4823 0
Flt Permitted 0.950 0.996
Satd. Flow (perm) 0 4916 1531 1711 3421 0 0 0 0 0 4823 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 91 19
Link Speed (mph) 35 35 35 35
Link Distance (ft) 290 225 131 129
Travel Time (s) 5.6 4.4 2.6 2.5
Peak Hour Factor 0.92 0.94 0.85 0.91 0.92 0.92 0.92 0.92 0.92 0.91 0.90 0.73
Adj. Flow (vph) 0 1293 438 204 593 0 0 0 0 178 1807 216
Shared Lane Traffic (%)
Lane Group Flow (vph) 0 1293 438 204 593 0 0 0 0 0 2201 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type NA Perm Prot NA Perm NA
Protected Phases 6 5 5 6 8 1 2 4
Permitted Phases 6 8
Total Split (s) 41.2 41.2 21.8 57.0 57.0 37.0 26.0 57.0
Total Lost Time (s) 6.5 6.5 6.5 6.5

Lanes, Volumes, Timings
10: SB BW8 WSR U-Turn/SB BW8 WSR 8/18/2015

2030 A.M. Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 5

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø1 ø2 ø4
Act Effct Green (s) 34.7 34.7 15.3 56.5 50.5
Actuated g/C Ratio 0.29 0.29 0.13 0.47 0.42
v/c Ratio 0.91 0.86 0.94 0.37 1.08
Control Delay 51.7 50.1 52.3 9.5 78.7
Queue Delay 7.2 0.0 45.8 33.7 9.1
Total Delay 58.9 50.1 98.2 43.2 87.8
LOS E D F D F
Approach Delay 56.7 57.3 87.8
Approach LOS E E F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:EBWB and 6:, Start of Green, Master Intersection
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.31
Intersection Signal Delay: 71.3 Intersection LOS: E
Intersection Capacity Utilization 103.1% ICU Level of Service G
Analysis Period (min) 15

Splits and Phases:     10: SB BW8 WSR U-Turn/SB BW8 WSR



Lanes, Volumes, Timings
13: NB BW8 ESR/SB BW8 WSR U-Turn 8/18/2015

2030 A.M. Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 6

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø5 ø6 ø8
Lane Configurations
Volume (vph) 436 932 0 0 529 183 212 2280 187 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 0.91 0.91 0.91 1.00 1.00 1.00 1.00
Frt 0.960 0.850
Flt Protected 0.950 0.996
Satd. Flow (prot) 1711 3421 0 0 4719 0 0 4896 1531 0 0 0
Flt Permitted 0.950 0.996
Satd. Flow (perm) 1711 3421 0 0 4719 0 0 4896 1531 0 0 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 26 91
Link Speed (mph) 35 35 35 35
Link Distance (ft) 225 208 132 141
Travel Time (s) 4.4 4.1 2.6 2.7
Peak Hour Factor 0.83 0.87 0.92 0.92 0.83 0.78 0.89 0.93 0.82 0.92 0.92 0.92
Adj. Flow (vph) 525 1071 0 0 637 235 238 2452 228 0 0 0
Shared Lane Traffic (%)
Lane Group Flow (vph) 525 1071 0 0 872 0 0 2690 228 0 0 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type Prot NA NA Perm NA Perm
Protected Phases 1 1 2 2 4 5 6 8
Permitted Phases 4 4
Total Split (s) 37.0 26.0 57.0 57.0 57.0 21.8 41.2 57.0
Total Lost Time (s) 6.5 6.5 6.5 6.5
Act Effct Green (s) 30.5 56.5 19.5 50.5 50.5
Actuated g/C Ratio 0.25 0.47 0.16 0.42 0.42
v/c Ratio 1.21 0.67 1.11 1.31 0.33

Lanes, Volumes, Timings
13: NB BW8 ESR/SB BW8 WSR U-Turn 8/18/2015

2030 A.M. Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 7

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø5 ø6 ø8
Control Delay 126.1 11.6 111.9 172.4 15.0
Queue Delay 0.1 3.9 0.4 0.1 0.0
Total Delay 126.2 15.5 112.3 172.5 15.0
LOS F B F F B
Approach Delay 51.9 112.3 160.2
Approach LOS D F F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:EBWB and 6:, Start of Green, Master Intersection
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.31
Intersection Signal Delay: 120.3 Intersection LOS: F
Intersection Capacity Utilization 103.1% ICU Level of Service G
Analysis Period (min) 15

Splits and Phases:     13: NB BW8 ESR/SB BW8 WSR U-Turn



Lanes, Volumes, Timings
22: Broken Bough 8/18/2015

2030 A.M. Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
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Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 130 847 16 7 612 124 49 48 6 99 15 61
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Storage Length (ft) 120 0 120 0 0 0 0 50
Storage Lanes 1 0 1 0 0 0 0 1
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 0.95 0.95 1.00 0.95 0.95 1.00 1.00 1.00 1.00 1.00 1.00
Frt 0.995 0.974 0.991 0.850
Flt Protected 0.950 0.950 0.976 0.961
Satd. Flow (prot) 1711 3404 0 1711 3332 0 0 1742 0 0 1730 1531
Flt Permitted 0.950 0.950 0.540 0.631
Satd. Flow (perm) 1711 3404 0 1711 3332 0 0 964 0 0 1136 1531
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 4 23 3 106
Link Speed (mph) 35 35 35 35
Link Distance (ft) 264 140 379 137
Travel Time (s) 5.1 2.7 7.4 2.7
Peak Hour Factor 0.77 0.90 0.54 0.42 0.82 0.80 0.58 0.64 0.50 0.53 0.33 0.74
Adj. Flow (vph) 169 941 30 17 746 155 84 75 12 187 45 82
Shared Lane Traffic (%)
Lane Group Flow (vph) 169 971 0 17 901 0 0 171 0 0 232 82
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type Prot NA Prot NA Perm NA Perm NA Perm
Protected Phases 1 6 5 2 4 8
Permitted Phases 4 8 8
Total Split (s) 25.0 65.0 10.0 50.0 45.0 45.0 45.0 45.0 45.0
Total Lost Time (s) 4.9 4.9 4.9 4.9 5.1 5.1 5.1

Lanes, Volumes, Timings
22: Broken Bough 8/18/2015

2030 A.M. Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 2

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Act Effct Green (s) 16.4 76.8 5.1 59.4 29.2 29.2 29.2
Actuated g/C Ratio 0.14 0.64 0.04 0.50 0.24 0.24 0.24
v/c Ratio 0.72 0.45 0.24 0.54 0.72 0.84 0.18
Control Delay 39.7 18.1 63.7 24.1 56.9 67.3 3.7
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 39.7 18.1 63.7 24.1 56.9 67.3 3.7
LOS D B E C E E A
Approach Delay 21.3 24.8 56.9 50.7
Approach LOS C C E D

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:NWT, Start of Green
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 0.84
Intersection Signal Delay: 28.6 Intersection LOS: C
Intersection Capacity Utilization 52.8% ICU Level of Service A
Analysis Period (min) 15

Splits and Phases:     22: Broken Bough



HCM 2010 TWSC
41: Memorial Dr & Old Oaks Ln 8/17/2015

2030 A.M. Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 18

Intersection
Int Delay, s/veh 6.3

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 36 40 690 58 51 901
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 70 71 79 74 65 83
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 51 56 873 78 78 1086

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1613 476 0 0 952 0
          Stage 1 913 - - - - -
          Stage 2 700 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver 95 535 - - 717 -
          Stage 1 352 - - - - -
          Stage 2 454 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 69 535 - - 717 -
Mov Cap-2 Maneuver 69 - - - - -
          Stage 1 352 - - - - -
          Stage 2 330 - - - - -

Approach WB NB SB

HCM 2010 TWSC
41: Memorial Dr & Old Oaks Ln 8/17/2015

2030 A.M. Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 19

Intersection
HCM Control Delay, s 108.7 0 1.9
HCM LOS F

Minor Lane/Major Mvmt NBT NBR WBLn1 SBL SBT
Capacity (veh/h) - - 127 717 -
HCM Lane V/C Ratio - - 0.849 0.109 -
HCM Control Delay (s) - - 108.7 10.6 1.3
HCM Lane LOS - - F B A
HCM 95th %tile Q(veh) - - 5.3 0.4 -



HCM 2010 TWSC
50: Memorial Dr & Huntingwick Dr 8/17/2015

2030 A.M. Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
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Intersection
Int Delay, s/veh 2.6

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 20 30 701 13 12 927
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 40 69 77 83 56 84
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 50 43 910 16 21 1104

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1513 463 0 0 926 0
          Stage 1 918 - - - - -
          Stage 2 595 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver 111 546 - - 734 -
          Stage 1 349 - - - - -
          Stage 2 514 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 103 546 - - 734 -
Mov Cap-2 Maneuver 103 - - - - -
          Stage 1 349 - - - - -
          Stage 2 476 - - - - -

Approach WB NB SB

HCM 2010 TWSC
50: Memorial Dr & Huntingwick Dr 8/17/2015

2030 A.M. Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 23

Intersection
HCM Control Delay, s 52.1 0 0.6
HCM LOS F

Minor Lane/Major Mvmt NBT NBR WBLn1 SBL SBT
Capacity (veh/h) - - 165 734 -
HCM Lane V/C Ratio - - 0.567 0.029 -
HCM Control Delay (s) - - 52.1 10.1 0.4
HCM Lane LOS - - F B A
HCM 95th %tile Q(veh) - - 2.9 0.1 -



HCM 2010 TWSC
4: Memorial Dr & Boheme Drive 8/19/2015

2030 A.M. Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
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Intersection
Int Delay, s/veh 50.5

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 30 201 84 679 894 35
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 63 59 63 88 91 47
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 48 341 133 772 982 74

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 1672 528 1057 0 - 0
          Stage 1 1020 - - - - -
          Stage 2 652 - - - - -
Critical Hdwy 6.84 6.94 4.14 - - -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 2.22 - - -
Pot Cap-1 Maneuver 87 495 655 - - -
          Stage 1 309 - - - - -
          Stage 2 480 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 56 495 655 - - -
Mov Cap-2 Maneuver 56 - - - - -
          Stage 1 309 - - - - -
          Stage 2 310 - - - - -

Approach EB NB SB

HCM 2010 TWSC
4: Memorial Dr & Boheme Drive 8/19/2015

2030 A.M. Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
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Intersection
HCM Control Delay, s 298.2 3.1 0
HCM LOS F

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 655 - 252 - -
HCM Lane V/C Ratio 0.204 - 1.541 - -
HCM Control Delay (s) 11.9 1.6 298.2 - -
HCM Lane LOS B A F - -
HCM 95th %tile Q(veh) 0.8 - 23.3 - -



HCM 2010 TWSC
56: Memorial Dr & Memorial Bend 8/17/2015

2030 A.M. Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
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Intersection
Int Delay, s/veh 1.1

Movement SEL SET NWT NWR SWL SWR
Vol, veh/h 6 1096 761 11 13 17
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 50 89 79 67 50 70
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 12 1231 963 16 26 24

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 980 0 - 0 1612 490
          Stage 1 - - - - 972 -
          Stage 2 - - - - 640 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 700 - - - 95 524
          Stage 1 - - - - 327 -
          Stage 2 - - - - 487 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 700 - - - 90 524
Mov Cap-2 Maneuver - - - - 90 -
          Stage 1 - - - - 327 -
          Stage 2 - - - - 461 -

Approach SE NW SW

HCM 2010 TWSC
56: Memorial Dr & Memorial Bend 8/17/2015

2030 A.M. Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
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Intersection
HCM Control Delay, s 0.4 0 40.6
HCM LOS E

Minor Lane/Major Mvmt NWT NWR SEL SET SWLn1
Capacity (veh/h) - - 700 - 150
HCM Lane V/C Ratio - - 0.017 - 0.335
HCM Control Delay (s) - - 10.2 0.3 40.6
HCM Lane LOS - - B A E
HCM 95th %tile Q(veh) - - 0.1 - 1.4



HCM 2010 TWSC
21: Memorial Dr & Hollow Drive 8/17/2015

2030 A.M. Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
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Intersection
Int Delay, s/veh 0.7

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 4 1140 750 27 4 16
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 50 91 79 48 25 81
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 8 1253 949 56 16 20

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 1006 0 - 0 1619 503
          Stage 1 - - - - 977 -
          Stage 2 - - - - 642 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 684 - - - 94 514
          Stage 1 - - - - 325 -
          Stage 2 - - - - 486 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 684 - - - 90 514
Mov Cap-2 Maneuver - - - - 90 -
          Stage 1 - - - - 325 -
          Stage 2 - - - - 468 -

Approach EB WB SB

HCM 2010 TWSC
21: Memorial Dr & Hollow Drive 8/17/2015

2030 A.M. Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
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Intersection
HCM Control Delay, s 0.3 0 32.8
HCM LOS D

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 684 - - - 165
HCM Lane V/C Ratio 0.012 - - - 0.217
HCM Control Delay (s) 10.3 0.2 - - 32.8
HCM Lane LOS B A - - D
HCM 95th %tile Q(veh) 0 - - - 0.8



HCM 2010 TWSC
26: Somerset Pl & Memorial Dr 8/17/2015

2030 A.M. Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
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Intersection
Int Delay, s/veh 5.8

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 1142 16 66 732 17 57
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 85 75 78 76 88 58
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 1344 21 85 963 19 98

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1365 0 2005 682
          Stage 1 - - - - 1354 -
          Stage 2 - - - - 651 -
Critical Hdwy - - 4.14 - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy - - 2.22 - 3.52 3.32
Pot Cap-1 Maneuver - - 499 - 52 392
          Stage 1 - - - - 205 -
          Stage 2 - - - - 481 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 499 - 33 392
Mov Cap-2 Maneuver - - - - 33 -
          Stage 1 - - - - 205 -
          Stage 2 - - - - 305 -

Approach EB WB NB

HCM 2010 TWSC
26: Somerset Pl & Memorial Dr 8/17/2015

2030 A.M. Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
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Intersection
HCM Control Delay, s 0 3 98
HCM LOS F

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 141 - - 499 -
HCM Lane V/C Ratio 0.834 - - 0.17 -
HCM Control Delay (s) 98 - - 13.7 2.1
HCM Lane LOS F - - B A
HCM 95th %tile Q(veh) 5.3 - - 0.6 -



HCM 2010 TWSC
55: Legend Ln & Memorial Dr 8/17/2015

2030 A.M. Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
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Intersection
Int Delay, s/veh 2.3

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 1183 7 12 780 11 24
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 84 63 45 75 50 70
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 1408 11 27 1040 22 34

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1419 0 1987 710
          Stage 1 - - - - 1414 -
          Stage 2 - - - - 573 -
Critical Hdwy - - 4.14 - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy - - 2.22 - 3.52 3.32
Pot Cap-1 Maneuver - - 476 - 53 376
          Stage 1 - - - - 190 -
          Stage 2 - - - - 527 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 476 - 46 376
Mov Cap-2 Maneuver - - - - 46 -
          Stage 1 - - - - 190 -
          Stage 2 - - - - 456 -

Approach EB WB NB

HCM 2010 TWSC
55: Legend Ln & Memorial Dr 8/17/2015

2030 A.M. Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
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Intersection
HCM Control Delay, s 0 1.1 81.1
HCM LOS F

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 99 - - 476 -
HCM Lane V/C Ratio 0.569 - - 0.056 -
HCM Control Delay (s) 81.1 - - 13 0.8
HCM Lane LOS F - - B A
HCM 95th %tile Q(veh) 2.6 - - 0.2 -



HCM 2010 TWSC
48: Memorial Dr & Tallowood Dr 8/17/2015
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Intersection
Int Delay, s/veh 4.7

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 102 1099 711 34 15 76
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 70 86 73 73 60 63
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 146 1278 974 47 25 121

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 1021 0 - 0 1927 510
          Stage 1 - - - - 997 -
          Stage 2 - - - - 930 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 675 - - - 58 509
          Stage 1 - - - - 318 -
          Stage 2 - - - - 344 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 675 - - - ~ 15 509
Mov Cap-2 Maneuver - - - - 67 -
          Stage 1 - - - - 318 -
          Stage 2 - - - - 87 -

Approach EB WB SB

HCM 2010 TWSC
48: Memorial Dr & Tallowood Dr 8/17/2015

2030 A.M. Peak 7:30 am 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 21

Intersection
HCM Control Delay, s 4.4 0 41.1
HCM LOS E

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 675 - - - 239
HCM Lane V/C Ratio 0.216 - - - 0.609
HCM Control Delay (s) 11.8 3.6 - - 41.1
HCM Lane LOS B A - - E
HCM 95th %tile Q(veh) 0.8 - - - 3.6

Notes
~: Volume exceeds capacity       $: Delay exceeds 300s      +: Computation Not Defined      *: All major volume in platoon
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Lanes, Volumes, Timings
10: SB BW8 WSR U-Turn/SB BW8 WSR 8/18/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø1 ø2 ø4
Lane Configurations
Volume (vph) 0 1215 372 186 546 0 0 0 0 162 1626 158
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Storage Length (ft) 0 120 0 0 0 0 0 0
Storage Lanes 0 1 1 0 0 0 0 0
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 0.91 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.91 0.91 0.91
Frt 0.850 0.985
Flt Protected 0.950 0.996
Satd. Flow (prot) 0 4916 1531 1711 3421 0 0 0 0 0 4823 0
Flt Permitted 0.950 0.996
Satd. Flow (perm) 0 4916 1531 1711 3421 0 0 0 0 0 4823 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 91 19
Link Speed (mph) 35 35 35 35
Link Distance (ft) 290 225 131 129
Travel Time (s) 5.6 4.4 2.6 2.5
Peak Hour Factor 0.92 0.94 0.85 0.91 0.92 0.92 0.92 0.92 0.92 0.91 0.90 0.73
Adj. Flow (vph) 0 1293 438 204 593 0 0 0 0 178 1807 216
Shared Lane Traffic (%)
Lane Group Flow (vph) 0 1293 438 204 593 0 0 0 0 0 2201 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type NA Perm Prot NA Perm NA
Protected Phases 6 5 5 6 8 1 2 4
Permitted Phases 6 8
Total Split (s) 41.2 41.2 21.8 57.0 57.0 37.0 26.0 57.0
Total Lost Time (s) 6.5 6.5 6.5 6.5

Lanes, Volumes, Timings
10: SB BW8 WSR U-Turn/SB BW8 WSR 8/18/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 5

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø1 ø2 ø4
Act Effct Green (s) 34.7 34.7 15.3 56.5 50.5
Actuated g/C Ratio 0.29 0.29 0.13 0.47 0.42
v/c Ratio 0.91 0.86 0.94 0.37 1.08
Control Delay 51.7 50.1 52.4 9.5 78.7
Queue Delay 7.2 0.0 45.8 33.7 9.1
Total Delay 58.9 50.1 98.2 43.2 87.8
LOS E D F D F
Approach Delay 56.7 57.3 87.8
Approach LOS E E F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:EBWB and 6:, Start of Green, Master Intersection
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.31
Intersection Signal Delay: 71.3 Intersection LOS: E
Intersection Capacity Utilization 103.1% ICU Level of Service G
Analysis Period (min) 15

Splits and Phases:     10: SB BW8 WSR U-Turn/SB BW8 WSR



Lanes, Volumes, Timings
13: NB BW8 ESR/SB BW8 WSR U-Turn 8/18/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 6

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø5 ø6 ø8
Lane Configurations
Volume (vph) 436 932 0 0 529 183 212 2280 187 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 0.91 0.91 0.91 1.00 1.00 1.00 1.00
Frt 0.960 0.850
Flt Protected 0.950 0.996
Satd. Flow (prot) 1711 3421 0 0 4719 0 0 4896 1531 0 0 0
Flt Permitted 0.950 0.996
Satd. Flow (perm) 1711 3421 0 0 4719 0 0 4896 1531 0 0 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 26 91
Link Speed (mph) 35 35 35 35
Link Distance (ft) 225 208 132 141
Travel Time (s) 4.4 4.1 2.6 2.7
Peak Hour Factor 0.83 0.87 0.92 0.92 0.83 0.78 0.89 0.93 0.82 0.92 0.92 0.92
Adj. Flow (vph) 525 1071 0 0 637 235 238 2452 228 0 0 0
Shared Lane Traffic (%)
Lane Group Flow (vph) 525 1071 0 0 872 0 0 2690 228 0 0 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type Prot NA NA Perm NA Perm
Protected Phases 1 1 2 2 4 5 6 8
Permitted Phases 4 4
Total Split (s) 37.0 26.0 57.0 57.0 57.0 21.8 41.2 57.0
Total Lost Time (s) 6.5 6.5 6.5 6.5
Act Effct Green (s) 30.5 56.5 19.5 50.5 50.5
Actuated g/C Ratio 0.25 0.47 0.16 0.42 0.42
v/c Ratio 1.21 0.67 1.11 1.31 0.33

Lanes, Volumes, Timings
13: NB BW8 ESR/SB BW8 WSR U-Turn 8/18/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 7

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø5 ø6 ø8
Control Delay 126.1 11.6 106.4 172.4 15.0
Queue Delay 0.1 3.9 0.4 0.1 0.0
Total Delay 126.2 15.5 106.8 172.5 15.0
LOS F B F F B
Approach Delay 51.9 106.8 160.2
Approach LOS D F F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:EBWB and 6:, Start of Green, Master Intersection
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.31
Intersection Signal Delay: 119.5 Intersection LOS: F
Intersection Capacity Utilization 103.1% ICU Level of Service G
Analysis Period (min) 15

Splits and Phases:     13: NB BW8 ESR/SB BW8 WSR U-Turn



Lanes, Volumes, Timings
22: Broken Bough 8/18/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 1

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 130 847 16 7 612 124 49 48 6 99 15 61
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Storage Length (ft) 140 0 100 0 0 0 100 0
Storage Lanes 1 0 1 0 0 0 0 1
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 0.95 0.95 1.00 0.95 0.95 1.00 1.00 1.00 1.00 1.00 1.00
Frt 0.995 0.974 0.991 0.850
Flt Protected 0.950 0.950 0.976 0.961
Satd. Flow (prot) 1711 3404 0 1711 3332 0 0 1742 0 0 1730 1531
Flt Permitted 0.950 0.950 0.540 0.631
Satd. Flow (perm) 1711 3404 0 1711 3332 0 0 964 0 0 1136 1531
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 4 23 3 106
Link Speed (mph) 35 35 35 35
Link Distance (ft) 264 140 379 137
Travel Time (s) 5.1 2.7 7.4 2.7
Peak Hour Factor 0.77 0.90 0.54 0.42 0.82 0.80 0.58 0.64 0.50 0.53 0.33 0.74
Adj. Flow (vph) 169 941 30 17 746 155 84 75 12 187 45 82
Shared Lane Traffic (%)
Lane Group Flow (vph) 169 971 0 17 901 0 0 171 0 0 232 82
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type Prot NA Prot NA Perm NA Perm NA Perm
Protected Phases 1 6 5 2 4 8
Permitted Phases 4 8 8
Total Split (s) 25.0 65.0 10.0 50.0 45.0 45.0 45.0 45.0 45.0
Total Lost Time (s) 4.9 4.9 4.9 4.9 5.1 5.1 5.1

Lanes, Volumes, Timings
22: Broken Bough 8/18/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 2

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Act Effct Green (s) 20.1 76.2 6.1 55.8 29.2 29.2 29.2
Actuated g/C Ratio 0.17 0.64 0.05 0.46 0.24 0.24 0.24
v/c Ratio 0.59 0.45 0.20 0.58 0.72 0.84 0.18
Control Delay 50.7 18.5 60.0 26.1 56.9 67.3 3.7
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 50.7 18.5 60.0 26.1 56.9 67.3 3.7
LOS D B E C E E A
Approach Delay 23.2 26.7 56.9 50.7
Approach LOS C C E D

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 15 (13%), Referenced to phase 2:NWT, Start of Green
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 0.84
Intersection Signal Delay: 30.2 Intersection LOS: C
Intersection Capacity Utilization 52.8% ICU Level of Service A
Analysis Period (min) 15

Splits and Phases:     22: Broken Bough



HCM 2010 TWSC
41: Memorial Dr & Old Oaks Ln 8/17/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 18

Intersection
Int Delay, s/veh 3.9

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 36 40 690 58 51 901
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - 200 -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 70 71 79 74 65 83
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 51 56 873 78 78 1086

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1613 476 0 0 952 0
          Stage 1 913 - - - - -
          Stage 2 700 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver 95 535 - - 717 -
          Stage 1 352 - - - - -
          Stage 2 454 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 85 535 - - 717 -
Mov Cap-2 Maneuver 85 - - - - -
          Stage 1 352 - - - - -
          Stage 2 405 - - - - -

Approach WB NB SB

HCM 2010 TWSC
41: Memorial Dr & Old Oaks Ln 8/17/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 19

Intersection
HCM Control Delay, s 72 0 0.7
HCM LOS F

Minor Lane/Major Mvmt NBT NBR WBLn1 SBL SBT
Capacity (veh/h) - - 152 717 -
HCM Lane V/C Ratio - - 0.709 0.109 -
HCM Control Delay (s) - - 72 10.6 -
HCM Lane LOS - - F B -
HCM 95th %tile Q(veh) - - 4.2 0.4 -



HCM 2010 TWSC
50: Memorial Dr & Huntingwick Dr 8/17/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 22

Intersection
Int Delay, s/veh 0.4

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 0 50 701 13 0 939
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length - 0 - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 40 69 77 83 56 84
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 0 72 910 16 0 1118

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1477 463 0 0 926 0
          Stage 1 918 - - - - -
          Stage 2 559 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver 117 546 - - 734 -
          Stage 1 349 - - - - -
          Stage 2 536 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 117 546 - - 734 -
Mov Cap-2 Maneuver 117 - - - - -
          Stage 1 349 - - - - -
          Stage 2 536 - - - - -

Approach WB NB SB

HCM 2010 TWSC
50: Memorial Dr & Huntingwick Dr 8/17/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 23

Intersection
HCM Control Delay, s 12.6 0 0
HCM LOS B

Minor Lane/Major Mvmt NBT NBR WBLn1 SBL SBT
Capacity (veh/h) - - 546 734 -
HCM Lane V/C Ratio - - 0.133 - -
HCM Control Delay (s) - - 12.6 0 -
HCM Lane LOS - - B A -
HCM 95th %tile Q(veh) - - 0.5 0 -



HCM 2010 TWSC
4: Memorial Dr & Boheme Drive 8/17/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 1

Intersection
Int Delay, s/veh 38

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 30 201 84 679 894 35
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - 100 - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 63 59 63 88 91 47
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 48 341 133 772 982 74

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 1672 528 1057 0 - 0
          Stage 1 1020 - - - - -
          Stage 2 652 - - - - -
Critical Hdwy 6.84 6.94 4.14 - - -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 2.22 - - -
Pot Cap-1 Maneuver 87 495 655 - - -
          Stage 1 309 - - - - -
          Stage 2 480 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 69 495 655 - - -
Mov Cap-2 Maneuver 69 - - - - -
          Stage 1 309 - - - - -
          Stage 2 383 - - - - -

Approach EB NB SB

HCM 2010 TWSC
4: Memorial Dr & Boheme Drive 8/17/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 2

Intersection
HCM Control Delay, s 225.5 1.8 0
HCM LOS F

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 655 - 282 - -
HCM Lane V/C Ratio 0.204 - 1.377 - -
HCM Control Delay (s) 11.9 - 225.5 - -
HCM Lane LOS B - F - -
HCM 95th %tile Q(veh) 0.8 - 20.4 - -



HCM 2010 TWSC
56: Memorial Dr & Memorial Bend 8/17/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 26

Intersection
Int Delay, s/veh 0.9

Movement SEL SET NWT NWR SWL SWR
Vol, veh/h 6 1096 761 11 13 17
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length 0 - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 50 89 79 67 50 70
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 12 1231 963 16 26 24

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 980 0 - 0 1612 490
          Stage 1 - - - - 972 -
          Stage 2 - - - - 640 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 700 - - - 95 524
          Stage 1 - - - - 327 -
          Stage 2 - - - - 487 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 700 - - - 93 524
Mov Cap-2 Maneuver - - - - 93 -
          Stage 1 - - - - 327 -
          Stage 2 - - - - 479 -

Approach SE NW SW

HCM 2010 TWSC
56: Memorial Dr & Memorial Bend 8/17/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 27

Intersection
HCM Control Delay, s 0.1 0 39.3
HCM LOS E

Minor Lane/Major Mvmt NWT NWR SEL SET SWLn1
Capacity (veh/h) - - 700 - 154
HCM Lane V/C Ratio - - 0.017 - 0.327
HCM Control Delay (s) - - 10.2 - 39.3
HCM Lane LOS - - B - E
HCM 95th %tile Q(veh) - - 0.1 - 1.3



HCM 2010 TWSC
21: Memorial Dr & Hollow Drive 8/17/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 6

Intersection
Int Delay, s/veh 0.6

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 4 1140 764 27 4 16
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length 100 - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 50 91 79 48 25 81
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 8 1253 967 56 16 20

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 1023 0 - 0 1637 512
          Stage 1 - - - - 995 -
          Stage 2 - - - - 642 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 674 - - - 91 507
          Stage 1 - - - - 318 -
          Stage 2 - - - - 486 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 674 - - - 90 507
Mov Cap-2 Maneuver - - - - 90 -
          Stage 1 - - - - 318 -
          Stage 2 - - - - 480 -

Approach EB WB SB

HCM 2010 TWSC
21: Memorial Dr & Hollow Drive 8/17/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 7

Intersection
HCM Control Delay, s 0.1 0 32.8
HCM LOS D

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 674 - - - 165
HCM Lane V/C Ratio 0.012 - - - 0.217
HCM Control Delay (s) 10.4 - - - 32.8
HCM Lane LOS B - - - D
HCM 95th %tile Q(veh) 0 - - - 0.8



HCM 2010 TWSC
26: Somerset Pl & Memorial Dr 8/17/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 9

Intersection
Int Delay, s/veh 3.5

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 1142 16 66 732 17 57
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - 100 - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 85 75 78 76 88 58
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 1344 21 85 963 19 98

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1365 0 2005 682
          Stage 1 - - - - 1354 -
          Stage 2 - - - - 651 -
Critical Hdwy - - 4.14 - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy - - 2.22 - 3.52 3.32
Pot Cap-1 Maneuver - - 499 - 52 392
          Stage 1 - - - - 205 -
          Stage 2 - - - - 481 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 499 - 43 392
Mov Cap-2 Maneuver - - - - 43 -
          Stage 1 - - - - 205 -
          Stage 2 - - - - 399 -

Approach EB WB NB

HCM 2010 TWSC
26: Somerset Pl & Memorial Dr 8/17/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 10

Intersection
HCM Control Delay, s 0 1.1 65.3
HCM LOS F

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 168 - - 499 -
HCM Lane V/C Ratio 0.7 - - 0.17 -
HCM Control Delay (s) 65.3 - - 13.7 -
HCM Lane LOS F - - B -
HCM 95th %tile Q(veh) 4.2 - - 0.6 -



HCM 2010 TWSC
55: Legend Ln & Memorial Dr 8/17/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 24

Intersection
Int Delay, s/veh 1.7

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 1183 7 12 780 11 24
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - 100 - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 84 63 45 75 50 70
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 1408 11 27 1040 22 34

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1419 0 1987 710
          Stage 1 - - - - 1414 -
          Stage 2 - - - - 573 -
Critical Hdwy - - 4.14 - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy - - 2.22 - 3.52 3.32
Pot Cap-1 Maneuver - - 476 - 53 376
          Stage 1 - - - - 190 -
          Stage 2 - - - - 527 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 476 - 50 376
Mov Cap-2 Maneuver - - - - 50 -
          Stage 1 - - - - 190 -
          Stage 2 - - - - 497 -

Approach EB WB NB

HCM 2010 TWSC
55: Legend Ln & Memorial Dr 8/17/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 25

Intersection
HCM Control Delay, s 0 0.3 72.2
HCM LOS F

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 106 - - 476 -
HCM Lane V/C Ratio 0.531 - - 0.056 -
HCM Control Delay (s) 72.2 - - 13 -
HCM Lane LOS F - - B -
HCM 95th %tile Q(veh) 2.4 - - 0.2 -



HCM 2010 TWSC
48: Memorial Dr & Tallowood Dr 8/17/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 20

Intersection
Int Delay, s/veh 4.8

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 102 1099 711 34 15 76
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length 100 - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 70 86 73 73 60 63
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 146 1278 974 47 25 121

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 1021 0 - 0 1927 510
          Stage 1 - - - - 997 -
          Stage 2 - - - - 930 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 675 - - - 58 509
          Stage 1 - - - - 318 -
          Stage 2 - - - - 344 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 675 - - - 45 509
Mov Cap-2 Maneuver - - - - 45 -
          Stage 1 - - - - 318 -
          Stage 2 - - - - 270 -

Approach EB WB SB

HCM 2010 TWSC
48: Memorial Dr & Tallowood Dr 8/17/2015

2030 AM Peak 7:30 am 12/17/2014 Build Synchro 9 Report
LAN Employee Page 21

Intersection
HCM Control Delay, s 1.2 0 73.4
HCM LOS F

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 675 - - - 184
HCM Lane V/C Ratio 0.216 - - - 0.791
HCM Control Delay (s) 11.8 - - - 73.4
HCM Lane LOS B - - - F
HCM 95th %tile Q(veh) 0.8 - - - 5.4
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Lanes, Volumes, Timings
10: SB BW8 WSR 8/18/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø1 ø2 ø4
Lane Configurations
Volume (vph) 0 715 340 254 1091 0 0 0 0 99 1764 266
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width (ft) 12 12 12 12 12 12 12 12 12 12 12 12
Storage Length (ft) 0 120 0 0 0 0 0 0
Storage Lanes 0 1 1 0 0 0 0 0
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 0.91 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.91 0.91 0.91
Frt 0.850 0.978
Flt Protected 0.950 0.998
Satd. Flow (prot) 0 5085 1583 1770 3539 0 0 0 0 0 4963 0
Flt Permitted 0.950 0.998
Satd. Flow (perm) 0 5085 1583 1770 3539 0 0 0 0 0 4963 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 91 30
Link Speed (mph) 35 35 35 35
Link Distance (ft) 290 225 131 129
Travel Time (s) 5.6 4.4 2.6 2.5
Peak Hour Factor 0.92 0.94 0.85 0.91 0.92 0.92 0.92 0.92 0.92 0.92 0.90 0.73
Adj. Flow (vph) 0 761 400 279 1186 0 0 0 0 108 1960 364
Shared Lane Traffic (%)
Lane Group Flow (vph) 0 761 400 279 1186 0 0 0 0 0 2432 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 12 12 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type NA Perm Prot NA Perm NA
Protected Phases 6 5 5 6 8 1 2 4
Permitted Phases 6 8
Total Split (s) 33.0 33.0 27.0 60.0 60.0 23.0 37.0 60.0

Lanes, Volumes, Timings
10: SB BW8 WSR 8/18/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 5

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø1 ø2 ø4
Total Lost Time (s) 6.5 6.5 6.5 6.5
Act Effct Green (s) 26.5 26.5 20.5 53.5 53.5
Actuated g/C Ratio 0.22 0.22 0.17 0.45 0.45
v/c Ratio 0.68 0.95 0.92 0.75 1.09
Control Delay 46.4 69.6 51.0 11.7 81.2
Queue Delay 0.6 0.0 48.5 49.2 0.0
Total Delay 47.0 69.6 99.6 60.9 81.2
LOS D E F E F
Approach Delay 54.8 68.2 81.2
Approach LOS D E F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:EBWB, Start of Green, Master Intersection
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.09
Intersection Signal Delay: 71.4 Intersection LOS: E
Intersection Capacity Utilization 138.7% ICU Level of Service H
Analysis Period (min) 15

Splits and Phases:     10: SB BW8 WSR



Lanes, Volumes, Timings
13: NB BW8 ESR 8/18/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 6

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø5 ø6 ø8
Lane Configurations
Volume (vph) 244 566 0 0 1080 112 249 1704 171 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width (ft) 11 11 11 11 11 11 11 11 11 11 11 11
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 0.91 0.91 0.91 1.00 1.00 1.00 1.00
Frt 0.983 0.850
Flt Protected 0.950 0.993
Satd. Flow (prot) 1711 3421 0 0 4832 0 0 4881 1531 0 0 0
Flt Permitted 0.950 0.993
Satd. Flow (perm) 1711 3421 0 0 4832 0 0 4881 1531 0 0 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 18 164
Link Speed (mph) 35 35 35 35
Link Distance (ft) 225 208 132 141
Travel Time (s) 4.4 4.1 2.6 2.7
Peak Hour Factor 0.97 0.96 0.92 0.92 0.92 0.76 0.85 0.91 0.78 0.92 0.92 0.92
Adj. Flow (vph) 252 590 0 0 1174 147 293 1873 219 0 0 0
Shared Lane Traffic (%)
Lane Group Flow (vph) 252 590 0 0 1321 0 0 2166 219 0 0 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type Prot NA NA Perm NA Perm
Protected Phases 1 1 2 2 4 5 6 8
Permitted Phases 4 4
Total Split (s) 23.0 37.0 60.0 60.0 60.0 27.0 33.0 60.0
Total Lost Time (s) 6.5 6.5 6.5 6.5
Act Effct Green (s) 16.5 53.5 30.5 53.5 53.5
Actuated g/C Ratio 0.14 0.45 0.25 0.45 0.45

Lanes, Volumes, Timings
13: NB BW8 ESR 8/18/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 7

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø5 ø6 ø8
v/c Ratio 1.07 0.39 1.06 1.00 0.28
Control Delay 90.4 6.9 87.0 51.6 6.9
Queue Delay 10.2 0.8 14.8 38.5 0.0
Total Delay 100.6 7.6 101.8 90.1 6.9
LOS F A F F A
Approach Delay 35.5 101.8 82.4
Approach LOS D F F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:EBWB, Start of Green, Master Intersection
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.09
Intersection Signal Delay: 79.4 Intersection LOS: E
Intersection Capacity Utilization 138.7% ICU Level of Service H
Analysis Period (min) 15

Splits and Phases:     13: NB BW8 ESR



Lanes, Volumes, Timings
22: Broken Bough 8/18/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 1

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 75 553 17 0 1047 181 19 42 10 207 33 75
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width (ft) 11 11 11 11 11 11 11 11 11 11 11 11
Storage Length (ft) 120 0 120 0 0 0 0 50
Storage Lanes 1 0 1 0 0 0 0 1
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 0.95 0.95 1.00 0.95 0.95 1.00 1.00 1.00 1.00 1.00 1.00
Frt 0.993 0.976 0.980 0.850
Flt Protected 0.950 0.984 0.959
Satd. Flow (prot) 1711 3397 0 1801 3339 0 0 1736 0 0 1727 1531
Flt Permitted 0.950 0.510 0.656
Satd. Flow (perm) 1711 3397 0 1801 3339 0 0 900 0 0 1181 1531
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 6 31 7 106
Link Speed (mph) 35 35 35 35
Link Distance (ft) 264 140 379 137
Travel Time (s) 5.1 2.7 7.4 2.7
Peak Hour Factor 0.65 0.90 0.61 0.92 0.90 0.82 0.53 0.75 0.63 0.80 0.75 0.69
Adj. Flow (vph) 115 614 28 0 1163 221 36 56 16 259 44 109
Shared Lane Traffic (%)
Lane Group Flow (vph) 115 642 0 0 1384 0 0 108 0 0 303 109
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type Prot NA Prot NA Perm NA Perm NA Perm
Protected Phases 1 6 5 2 4 8
Permitted Phases 4 8 8
Total Split (s) 15.0 70.0 20.0 75.0 30.0 30.0 30.0 30.0 30.0

Lanes, Volumes, Timings
22: Broken Bough 8/18/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 2

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Total Lost Time (s) 4.9 4.9 4.9 4.9 5.1 5.1 5.1
Act Effct Green (s) 10.1 85.1 70.1 24.9 24.9 24.9
Actuated g/C Ratio 0.08 0.71 0.58 0.21 0.21 0.21
v/c Ratio 0.80 0.27 0.71 0.56 1.24 0.27
Control Delay 85.9 2.3 19.7 52.5 177.0 9.8
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 85.9 2.3 19.7 52.5 177.0 9.8
LOS F A B D F A
Approach Delay 15.0 19.7 52.5 132.7
Approach LOS B B D F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 7 (6%), Referenced to phase 2:NWT, Start of Green
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.24
Intersection Signal Delay: 37.2 Intersection LOS: D
Intersection Capacity Utilization 71.2% ICU Level of Service C
Analysis Period (min) 15

Splits and Phases:     22: Broken Bough



HCM 2010 TWSC
41: Memorial Dr & Old Oaks Ln 8/17/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 18

Intersection
Int Delay, s/veh 5.1

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 16 34 1333 13 20 738
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 44 71 96 81 50 87
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 36 48 1389 16 40 848

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1901 702 0 0 1405 0
          Stage 1 1397 - - - - -
          Stage 2 504 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver 61 381 - - 482 -
          Stage 1 194 - - - - -
          Stage 2 572 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 51 381 - - 482 -
Mov Cap-2 Maneuver 51 - - - - -
          Stage 1 194 - - - - -
          Stage 2 482 - - - - -

Approach WB NB SB

HCM 2010 TWSC
41: Memorial Dr & Old Oaks Ln 8/17/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 19

Intersection
HCM Control Delay, s 127.6 0 1.5
HCM LOS F

Minor Lane/Major Mvmt NBT NBR WBLn1 SBL SBT
Capacity (veh/h) - - 100 482 -
HCM Lane V/C Ratio - - 0.843 0.083 -
HCM Control Delay (s) - - 127.6 13.1 0.9
HCM Lane LOS - - F B A
HCM 95th %tile Q(veh) - - 4.7 0.3 -



HCM 2010 TWSC
50: Memorial Dr & Huntingwick Dr 8/17/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 22

Intersection
Int Delay, s/veh 1

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 10 14 1132 10 22 740
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 83 58 95 50 69 88
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 12 24 1192 20 32 841

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1686 606 0 0 1212 0
          Stage 1 1202 - - - - -
          Stage 2 484 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver 85 440 - - 571 -
          Stage 1 247 - - - - -
          Stage 2 585 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 76 440 - - 571 -
Mov Cap-2 Maneuver 76 - - - - -
          Stage 1 247 - - - - -
          Stage 2 524 - - - - -

Approach WB NB SB

HCM 2010 TWSC
50: Memorial Dr & Huntingwick Dr 8/17/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 23

Intersection
HCM Control Delay, s 31.8 0 1
HCM LOS D

Minor Lane/Major Mvmt NBT NBR WBLn1 SBL SBT
Capacity (veh/h) - - 170 571 -
HCM Lane V/C Ratio - - 0.213 0.056 -
HCM Control Delay (s) - - 31.8 11.7 0.6
HCM Lane LOS - - D B A
HCM 95th %tile Q(veh) - - 0.8 0.2 -



HCM 2010 TWSC
4: Memorial Dr & Boheme Drive 8/17/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 1

Intersection
Int Delay, s/veh 8.6

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 18 113 257 1261 655 52
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 56 78 89 96 91 81
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 32 145 289 1314 720 64

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 1986 392 784 0 - 0
          Stage 1 752 - - - - -
          Stage 2 1234 - - - - -
Critical Hdwy 6.84 6.94 4.14 - - -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 2.22 - - -
Pot Cap-1 Maneuver 53 607 830 - - -
          Stage 1 426 - - - - -
          Stage 2 238 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 53 607 830 - - -
Mov Cap-2 Maneuver 53 - - - - -
          Stage 1 426 - - - - -
          Stage 2 238 - - - - -

Approach EB NB SB

HCM 2010 TWSC
4: Memorial Dr & Boheme Drive 8/17/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 2

Intersection
HCM Control Delay, s 75.8 5.4 0
HCM LOS F

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 830 - 209 - -
HCM Lane V/C Ratio 0.348 - 0.847 - -
HCM Control Delay (s) 11.6 4 75.8 - -
HCM Lane LOS B A F - -
HCM 95th %tile Q(veh) 1.6 - 6.4 - -



HCM 2010 TWSC
56: Memorial Dr & Memorial Bend 8/17/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 26

Intersection
Int Delay, s/veh 0.6

Movement WBL WBR SEL SET NWT NWR
Vol, veh/h 2 11 16 792 1354 12
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 50 92 67 87 93 75
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 4 12 24 910 1456 16

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 1967 736 1472 0 - 0
          Stage 1 1464 - - - - -
          Stage 2 503 - - - - -
Critical Hdwy 6.84 6.94 4.14 - - -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 2.22 - - -
Pot Cap-1 Maneuver 55 361 454 - - -
          Stage 1 179 - - - - -
          Stage 2 573 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 49 361 454 - - -
Mov Cap-2 Maneuver 49 - - - - -
          Stage 1 179 - - - - -
          Stage 2 512 - - - - -

Approach WB SE NW

HCM 2010 TWSC
56: Memorial Dr & Memorial Bend 8/17/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 27

Intersection
HCM Control Delay, s 34.2 1 0
HCM LOS D

Minor Lane/Major Mvmt NWT NWR WBLn1 SEL SET
Capacity (veh/h) - - 139 454 -
HCM Lane V/C Ratio - - 0.115 0.053 -
HCM Control Delay (s) - - 34.2 13.4 0.7
HCM Lane LOS - - D B A
HCM 95th %tile Q(veh) - - 0.4 0.2 -



HCM 2010 TWSC
21: Memorial Dr & Hollow Drive 8/17/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 6

Intersection
Int Delay, s/veh 0.7

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 5 814 1446 11 3 6
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 42 90 94 46 38 38
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 12 904 1538 24 8 16

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 1562 0 - 0 2026 781
          Stage 1 - - - - 1550 -
          Stage 2 - - - - 476 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 419 - - - 50 338
          Stage 1 - - - - 161 -
          Stage 2 - - - - 591 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 419 - - - 47 338
Mov Cap-2 Maneuver - - - - 47 -
          Stage 1 - - - - 161 -
          Stage 2 - - - - 557 -

Approach EB WB SB

HCM 2010 TWSC
21: Memorial Dr & Hollow Drive 8/17/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 7

Intersection
HCM Control Delay, s 0.6 0 46.5
HCM LOS E

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 419 - - - 110
HCM Lane V/C Ratio 0.028 - - - 0.215
HCM Control Delay (s) 13.8 0.4 - - 46.5
HCM Lane LOS B A - - E
HCM 95th %tile Q(veh) 0.1 - - - 0.8



HCM 2010 TWSC
26: Somerset Pl & Memorial Dr 8/17/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 9

Intersection
Int Delay, s/veh 1

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 782 18 9 1364 7 22
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 88 38 69 94 50 50
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 889 47 13 1451 14 44

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 936 0 1664 468
          Stage 1 - - - - 912 -
          Stage 2 - - - - 752 -
Critical Hdwy - - 4.14 - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy - - 2.22 - 3.52 3.32
Pot Cap-1 Maneuver - - 727 - 88 542
          Stage 1 - - - - 352 -
          Stage 2 - - - - 426 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 727 - 80 542
Mov Cap-2 Maneuver - - - - 80 -
          Stage 1 - - - - 352 -
          Stage 2 - - - - 387 -

Approach EB WB NB

HCM 2010 TWSC
26: Somerset Pl & Memorial Dr 8/17/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 10

Intersection
HCM Control Delay, s 0 0.6 26.3
HCM LOS D

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 226 - - 727 -
HCM Lane V/C Ratio 0.257 - - 0.018 -
HCM Control Delay (s) 26.3 - - 10 0.5
HCM Lane LOS D - - B A
HCM 95th %tile Q(veh) 1 - - 0.1 -



HCM 2010 TWSC
55: Legend Ln & Memorial Dr 8/17/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 24

Intersection
Int Delay, s/veh 0.9

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 793 14 10 1406 6 8
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 84 58 63 93 50 50
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 944 24 16 1512 12 16

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 968 0 1744 484
          Stage 1 - - - - 956 -
          Stage 2 - - - - 788 -
Critical Hdwy - - 4.14 - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy - - 2.22 - 3.52 3.32
Pot Cap-1 Maneuver - - 707 - 78 529
          Stage 1 - - - - 334 -
          Stage 2 - - - - 409 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 707 - 67 529
Mov Cap-2 Maneuver - - - - 67 -
          Stage 1 - - - - 334 -
          Stage 2 - - - - 351 -

Approach EB WB NB

HCM 2010 TWSC
55: Legend Ln & Memorial Dr 8/17/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 25

Intersection
HCM Control Delay, s 0 0.8 38.8
HCM LOS E

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 134 - - 707 -
HCM Lane V/C Ratio 0.209 - - 0.022 -
HCM Control Delay (s) 38.8 - - 10.2 0.7
HCM Lane LOS E - - B A
HCM 95th %tile Q(veh) 0.8 - - 0.1 -



HCM 2010 TWSC
48: Memorial Dr & Tallowood Dr 8/17/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 20

Intersection
Int Delay, s/veh 3.7

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 59 747 1338 24 5 78
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 78 86 91 67 42 81
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 76 869 1470 36 12 96

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 1506 0 - 0 2074 753
          Stage 1 - - - - 1488 -
          Stage 2 - - - - 586 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 441 - - - 46 352
          Stage 1 - - - - 174 -
          Stage 2 - - - - 519 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 441 - - - 31 352
Mov Cap-2 Maneuver - - - - 31 -
          Stage 1 - - - - 174 -
          Stage 2 - - - - 346 -

Approach EB WB SB

HCM 2010 TWSC
48: Memorial Dr & Tallowood Dr 8/17/2015

2015 PM Peak 5:00 pm 12/17/2014 Existing Synchro 9 Report
LAN Employee Page 21

Intersection
HCM Control Delay, s 3.1 0 60.9
HCM LOS F

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 441 - - - 165
HCM Lane V/C Ratio 0.172 - - - 0.656
HCM Control Delay (s) 14.8 2.1 - - 60.9
HCM Lane LOS B A - - F
HCM 95th %tile Q(veh) 0.6 - - - 3.7
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Lanes, Volumes, Timings
10: SB BW8 WSR U-Turn/SB BW8 WSR 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø1 ø2 ø4
Lane Configurations
Volume (vph) 0 762 343 281 1205 0 0 0 0 106 1779 269
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width (ft) 11 11 11 11 11 11 11 11 11 11 11 11
Storage Length (ft) 0 120 0 0 0 0 0 0
Storage Lanes 0 1 1 0 0 0 0 0
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 0.91 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.91 0.91 0.91
Frt 0.850 0.978
Flt Protected 0.950 0.998
Satd. Flow (prot) 0 4916 1531 1711 3421 0 0 0 0 0 4798 0
Flt Permitted 0.950 0.998
Satd. Flow (perm) 0 4916 1531 1711 3421 0 0 0 0 0 4798 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 91 20
Link Speed (mph) 35 35 35 35
Link Distance (ft) 290 225 131 129
Travel Time (s) 5.6 4.4 2.6 2.5
Peak Hour Factor 0.92 0.94 0.85 0.91 0.92 0.92 0.92 0.92 0.92 0.91 0.90 0.73
Adj. Flow (vph) 0 811 404 309 1310 0 0 0 0 116 1977 368
Shared Lane Traffic (%)
Lane Group Flow (vph) 0 811 404 309 1310 0 0 0 0 0 2461 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type NA Perm Prot NA Perm NA
Protected Phases 6 5 5 6 8 1 2 4
Permitted Phases 6 8
Total Split (s) 32.0 32.0 28.0 60.0 60.0 23.0 37.0 60.0

Lanes, Volumes, Timings
10: SB BW8 WSR U-Turn/SB BW8 WSR 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 5

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø1 ø2 ø4
Total Lost Time (s) 6.5 6.5 6.5 6.5
Act Effct Green (s) 25.5 25.5 21.5 53.5 53.5
Actuated g/C Ratio 0.21 0.21 0.18 0.45 0.45
v/c Ratio 0.78 1.02 1.01 0.86 1.14
Control Delay 50.5 86.4 62.0 13.9 102.9
Queue Delay 1.4 0.0 32.7 48.2 0.0
Total Delay 52.0 86.4 94.7 62.1 102.9
LOS D F F E F
Approach Delay 63.4 68.3 102.9
Approach LOS E E F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:EBWB and 6:, Start of Green, Master Intersection
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.20
Intersection Signal Delay: 83.3 Intersection LOS: F
Intersection Capacity Utilization 142.8% ICU Level of Service H
Analysis Period (min) 15

Splits and Phases:     10: SB BW8 WSR U-Turn/SB BW8 WSR



Lanes, Volumes, Timings
13: NB BW8 ESR/NB BW8 ESR U-Turn 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 6

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø5 ø6 ø8
Lane Configurations
Volume (vph) 247 617 0 0 1218 126 252 1719 187 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width (ft) 11 11 11 11 11 11 11 11 11 11 11 11
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 0.91 0.91 0.91 1.00 1.00 1.00 1.00
Frt 0.983 0.850
Flt Protected 0.950 0.993
Satd. Flow (prot) 1711 3421 0 0 4832 0 0 4881 1531 0 0 0
Flt Permitted 0.950 0.993
Satd. Flow (perm) 1711 3421 0 0 4832 0 0 4881 1531 0 0 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 18 164
Link Speed (mph) 35 35 35 35
Link Distance (ft) 225 208 132 141
Travel Time (s) 4.4 4.1 2.6 2.7
Peak Hour Factor 0.97 0.96 0.92 0.92 0.92 0.76 0.85 0.91 0.78 0.92 0.92 0.92
Adj. Flow (vph) 255 643 0 0 1324 166 296 1889 240 0 0 0
Shared Lane Traffic (%)
Lane Group Flow (vph) 255 643 0 0 1490 0 0 2185 240 0 0 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type Prot NA NA Perm NA Perm
Protected Phases 1 1 2 2 4 5 6 8
Permitted Phases 4 4
Total Split (s) 23.0 37.0 60.0 60.0 60.0 28.0 32.0 60.0
Total Lost Time (s) 6.5 6.5 6.5 6.5
Act Effct Green (s) 16.5 53.5 30.5 53.5 53.5
Actuated g/C Ratio 0.14 0.45 0.25 0.45 0.45

Lanes, Volumes, Timings
13: NB BW8 ESR/NB BW8 ESR U-Turn 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 7

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø5 ø6 ø8
v/c Ratio 1.09 0.42 1.20 1.00 0.31
Control Delay 90.6 8.6 136.9 53.7 8.1
Queue Delay 6.2 1.2 0.5 36.6 0.0
Total Delay 96.8 9.8 137.4 90.3 8.1
LOS F A F F A
Approach Delay 34.5 137.4 82.1
Approach LOS C F F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:EBWB and 6:, Start of Green, Master Intersection
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.20
Intersection Signal Delay: 90.3 Intersection LOS: F
Intersection Capacity Utilization 142.8% ICU Level of Service H
Analysis Period (min) 15

Splits and Phases:     13: NB BW8 ESR/NB BW8 ESR U-Turn



Lanes, Volumes, Timings
22: Broken Bough 8/18/2015

2016 PM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 1

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 76 618 18 0 1197 183 20 43 11 209 34 76
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width (ft) 11 11 11 11 11 11 11 11 11 11 11 11
Storage Length (ft) 120 0 120 0 0 0 0 50
Storage Lanes 1 0 1 0 0 0 0 1
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 0.95 0.95 1.00 0.95 0.95 1.00 1.00 1.00 1.00 1.00 1.00
Frt 0.993 0.980 0.976 0.850
Flt Protected 0.950 0.986 0.962
Satd. Flow (prot) 1711 3397 0 1801 3353 0 0 1733 0 0 1732 1531
Flt Permitted 0.950 0.190 0.641
Satd. Flow (perm) 1711 3397 0 1801 3353 0 0 334 0 0 1154 1531
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 6 25 8 106
Link Speed (mph) 35 35 35 35
Link Distance (ft) 264 140 379 137
Travel Time (s) 5.1 2.7 7.4 2.7
Peak Hour Factor 0.77 0.90 0.54 0.42 0.82 0.80 0.58 0.64 0.50 0.53 0.33 0.74
Adj. Flow (vph) 99 687 33 0 1460 229 34 67 22 394 103 103
Shared Lane Traffic (%)
Lane Group Flow (vph) 99 720 0 0 1689 0 0 123 0 0 497 103
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type Prot NA Prot NA Perm NA Perm NA Perm
Protected Phases 1 6 5 2 4 8
Permitted Phases 4 8 8
Total Split (s) 15.0 70.0 20.0 75.0 30.0 30.0 30.0 30.0 30.0

Lanes, Volumes, Timings
22: Broken Bough 8/18/2015

2016 PM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 2

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Total Lost Time (s) 4.9 4.9 4.9 4.9 5.1 5.1 5.1
Act Effct Green (s) 9.7 85.1 70.5 24.9 24.9 24.9
Actuated g/C Ratio 0.08 0.71 0.59 0.21 0.21 0.21
v/c Ratio 0.72 0.30 0.85 1.64 2.08 0.26
Control Delay 94.3 2.4 25.7 370.3 525.8 8.7
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 94.3 2.4 25.7 370.3 525.8 8.7
LOS F A C F F A
Approach Delay 13.5 25.7 370.3 437.1
Approach LOS B C F F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:NWT, Start of Green
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 2.08
Intersection Signal Delay: 112.1 Intersection LOS: F
Intersection Capacity Utilization 75.6% ICU Level of Service D
Analysis Period (min) 15

Splits and Phases:     22: Broken Bough



HCM 2010 TWSC
41: Memorial Dr & Old Oaks Ln 8/18/2015

2016 PM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 18

Intersection
Int Delay, s/veh 5.2

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 17 35 1284 14 21 805
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 70 71 79 74 65 83
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 24 49 1625 19 32 970

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 2185 822 0 0 1644 0
          Stage 1 1635 - - - - -
          Stage 2 550 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver 39 317 - - 390 -
          Stage 1 144 - - - - -
          Stage 2 542 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 32 317 - - 390 -
Mov Cap-2 Maneuver 32 - - - - -
          Stage 1 144 - - - - -
          Stage 2 446 - - - - -

Approach WB NB SB

HCM 2010 TWSC
41: Memorial Dr & Old Oaks Ln 8/18/2015

2016 PM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 19

Intersection
HCM Control Delay, s 169.6 0 1.7
HCM LOS F

Minor Lane/Major Mvmt NBT NBR WBLn1 SBL SBT
Capacity (veh/h) - - 80 390 -
HCM Lane V/C Ratio - - 0.92 0.083 -
HCM Control Delay (s) - - 169.6 15.1 1.3
HCM Lane LOS - - F C A
HCM 95th %tile Q(veh) - - 4.9 0.3 -



HCM 2010 TWSC
50: Memorial Dr & Huntingwick Dr 8/18/2015

2016 PM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 22

Intersection
Int Delay, s/veh 5.9

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 11 15 1283 11 23 807
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 40 69 77 83 56 84
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 28 22 1666 13 41 961

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 2236 840 0 0 1679 0
          Stage 1 1673 - - - - -
          Stage 2 563 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver 36 309 - - 378 -
          Stage 1 138 - - - - -
          Stage 2 534 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 28 309 - - 378 -
Mov Cap-2 Maneuver 28 - - - - -
          Stage 1 138 - - - - -
          Stage 2 410 - - - - -

Approach WB NB SB

HCM 2010 TWSC
50: Memorial Dr & Huntingwick Dr 8/18/2015

2016 PM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 23

Intersection
HCM Control Delay, s 282.6 0 2.3
HCM LOS F

Minor Lane/Major Mvmt NBT NBR WBLn1 SBL SBT
Capacity (veh/h) - - 47 378 -
HCM Lane V/C Ratio - - 1.048 0.109 -
HCM Control Delay (s) - - 282.6 15.7 1.7
HCM Lane LOS - - F C A
HCM 95th %tile Q(veh) - - 4.4 0.4 -



HCM 2010 TWSC
4: Memorial Dr & Boheme Drive 8/19/2015

2016 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 1

Intersection
Int Delay, s/veh 12.8

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 19 114 260 1413 721 53
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 56 78 89 96 91 81
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 34 146 292 1472 792 65

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 2145 429 858 0 - 0
          Stage 1 825 - - - - -
          Stage 2 1320 - - - - -
Critical Hdwy 6.84 6.94 4.14 - - -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 2.22 - - -
Pot Cap-1 Maneuver 42 574 779 - - -
          Stage 1 391 - - - - -
          Stage 2 214 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 42 574 779 - - -
Mov Cap-2 Maneuver 42 - - - - -
          Stage 1 391 - - - - -
          Stage 2 214 - - - - -

Approach EB NB SB

HCM 2010 TWSC
4: Memorial Dr & Boheme Drive 8/19/2015

2016 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 2

Intersection
HCM Control Delay, s 143.2 5.7 0
HCM LOS F

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 779 - 169 - -
HCM Lane V/C Ratio 0.375 - 1.066 - -
HCM Control Delay (s) 12.4 4.4 143.2 - -
HCM Lane LOS B A F - -
HCM 95th %tile Q(veh) 1.8 - 8.9 - -



HCM 2010 TWSC
56: Memorial Dr & Memorial Bend 8/18/2015

2016 PM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 26

Intersection
Int Delay, s/veh 0.9

Movement WBL WBR SEL SET NWT NWR
Vol, veh/h 3 12 17 859 1507 13
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 50 92 67 87 93 75
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 6 13 25 987 1620 17

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 2173 819 1638 0 - 0
          Stage 1 1629 - - - - -
          Stage 2 544 - - - - -
Critical Hdwy 6.84 6.94 4.14 - - -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 2.22 - - -
Pot Cap-1 Maneuver 40 319 392 - - -
          Stage 1 146 - - - - -
          Stage 2 546 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 34 319 392 - - -
Mov Cap-2 Maneuver 34 - - - - -
          Stage 1 146 - - - - -
          Stage 2 469 - - - - -

Approach WB SE NW

HCM 2010 TWSC
56: Memorial Dr & Memorial Bend 8/18/2015

2016 PM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 27

Intersection
HCM Control Delay, s 56.9 1.3 0
HCM LOS F

Minor Lane/Major Mvmt NWT NWR WBLn1 SEL SET
Capacity (veh/h) - - 88 392 -
HCM Lane V/C Ratio - - 0.216 0.065 -
HCM Control Delay (s) - - 56.9 14.8 1
HCM Lane LOS - - F B A
HCM 95th %tile Q(veh) - - 0.8 0.2 -



HCM 2010 TWSC
21: Memorial Dr & Hollow Drive 8/18/2015

2016 PM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 6

Intersection
Int Delay, s/veh 1.9

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 6 881 1593 12 7 4
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 42 90 94 46 38 38
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 14 979 1695 26 18 11

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 1721 0 - 0 2226 860
          Stage 1 - - - - 1708 -
          Stage 2 - - - - 518 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 364 - - - 37 299
          Stage 1 - - - - 132 -
          Stage 2 - - - - 563 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 364 - - - 34 299
Mov Cap-2 Maneuver - - - - 34 -
          Stage 1 - - - - 132 -
          Stage 2 - - - - 516 -

Approach EB WB SB

HCM 2010 TWSC
21: Memorial Dr & Hollow Drive 8/18/2015

2016 PM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 7

Intersection
HCM Control Delay, s 0.8 0 148.8
HCM LOS F

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 364 - - - 50
HCM Lane V/C Ratio 0.039 - - - 0.579
HCM Control Delay (s) 15.3 0.6 - - 148.8
HCM Lane LOS C A - - F
HCM 95th %tile Q(veh) 0.1 - - - 2.2



HCM 2010 TWSC
26: Somerset Pl & Memorial Dr 8/18/2015

2016 PM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 9

Intersection
Int Delay, s/veh 0.7

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 849 23 34 1517 8 23
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 85 75 78 76 88 58
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 999 31 44 1996 9 40

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1029 0 2099 515
          Stage 1 - - - - 1014 -
          Stage 2 - - - - 1085 -
Critical Hdwy - - 4.14 - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy - - 2.22 - 3.52 3.32
Pot Cap-1 Maneuver - - 671 - 45 505
          Stage 1 - - - - 311 -
          Stage 2 - - - - 285 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 671 - 45 505
Mov Cap-2 Maneuver - - - - 45 -
          Stage 1 - - - - 311 -
          Stage 2 - - - - 285 -

Approach EB WB NB

HCM 2010 TWSC
26: Somerset Pl & Memorial Dr 8/18/2015

2016 PM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 10

Intersection
HCM Control Delay, s 0 0.2 33.6
HCM LOS D

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 174 - - 671 -
HCM Lane V/C Ratio 0.28 - - 0.065 -
HCM Control Delay (s) 33.6 - - 10.7 0
HCM Lane LOS D - - B A
HCM 95th %tile Q(veh) 1.1 - - 0.2 -



HCM 2010 TWSC
55: Legend Ln & Memorial Dr 8/18/2015

2016 PM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 24

Intersection
Int Delay, s/veh 2.2

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 860 15 11 1559 7 9
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 84 58 63 93 50 50
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 1024 26 17 1676 14 18

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1050 0 1910 525
          Stage 1 - - - - 1037 -
          Stage 2 - - - - 873 -
Critical Hdwy - - 4.14 - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy - - 2.22 - 3.52 3.32
Pot Cap-1 Maneuver - - 659 - 60 497
          Stage 1 - - - - 303 -
          Stage 2 - - - - 369 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 659 - 37 497
Mov Cap-2 Maneuver - - - - 37 -
          Stage 1 - - - - 303 -
          Stage 2 - - - - 230 -

Approach EB WB NB

HCM 2010 TWSC
55: Legend Ln & Memorial Dr 8/18/2015

2016 PM Peak 7:30 am 12/17/2014 Opening Year (No Build) Synchro 9 Report
LAN Employee Page 25

Intersection
HCM Control Delay, s 0 2.1 81.6
HCM LOS F

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 77 - - 659 -
HCM Lane V/C Ratio 0.416 - - 0.026 -
HCM Control Delay (s) 81.6 - - 10.6 2
HCM Lane LOS F - - B A
HCM 95th %tile Q(veh) 1.7 - - 0.1 -



HCM 2010 TWSC
48: Memorial Dr & Tallowood Dr 8/19/2015

2016 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 1

Intersection
Int Delay, s/veh 8.8

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 60 814 1491 25 6 79
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 78 86 91 67 42 81
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 77 947 1638 37 14 98

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 1676 0 - 0 2284 838
          Stage 1 - - - - 1657 -
          Stage 2 - - - - 627 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 379 - - - 33 309
          Stage 1 - - - - 141 -
          Stage 2 - - - - 495 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 379 - - - 19 309
Mov Cap-2 Maneuver - - - - 19 -
          Stage 1 - - - - 141 -
          Stage 2 - - - - 283 -

Approach EB WB SB

HCM 2010 TWSC
48: Memorial Dr & Tallowood Dr 8/19/2015

2016 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 2

Intersection
HCM Control Delay, s 4.1 0 182.9
HCM LOS F

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 379 - - - 105
HCM Lane V/C Ratio 0.203 - - - 1.065
HCM Control Delay (s) 16.9 3.1 - - 182.9
HCM Lane LOS C A - - F
HCM 95th %tile Q(veh) 0.7 - - - 6.9
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Lanes, Volumes, Timings
10: SB BW8 WSR 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø1 ø2 ø4
Lane Configurations
Volume (vph) 0 762 343 281 1205 0 0 0 0 106 1779 269
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Storage Length (ft) 0 120 0 0 0 0 0 0
Storage Lanes 0 1 1 0 0 0 0 0
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 0.91 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.91 0.91 0.91
Frt 0.850 0.978
Flt Protected 0.950 0.998
Satd. Flow (prot) 0 4916 1531 1711 3421 0 0 0 0 0 4798 0
Flt Permitted 0.950 0.998
Satd. Flow (perm) 0 4916 1531 1711 3421 0 0 0 0 0 4798 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 91 20
Link Speed (mph) 35 35 35 35
Link Distance (ft) 290 225 131 129
Travel Time (s) 5.6 4.4 2.6 2.5
Peak Hour Factor 0.92 0.94 0.85 0.91 0.92 0.92 0.92 0.92 0.92 0.92 0.90 0.73
Adj. Flow (vph) 0 811 404 309 1310 0 0 0 0 115 1977 368
Shared Lane Traffic (%)
Lane Group Flow (vph) 0 811 404 309 1310 0 0 0 0 0 2460 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type NA Perm Prot NA Perm NA
Protected Phases 6 5 5 6 8 1 2 4
Permitted Phases 6 8
Total Split (s) 33.0 33.0 27.0 60.0 60.0 23.0 37.0 60.0
Total Lost Time (s) 6.5 6.5 6.5 6.5

Lanes, Volumes, Timings
10: SB BW8 WSR 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 5

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø1 ø2 ø4
Act Effct Green (s) 26.5 26.5 20.5 53.5 53.5
Actuated g/C Ratio 0.22 0.22 0.17 0.45 0.45
v/c Ratio 0.75 0.99 1.06 0.86 1.14
Control Delay 48.6 78.2 78.8 13.9 102.7
Queue Delay 1.1 0.0 18.3 48.2 0.0
Total Delay 49.7 78.2 97.1 62.1 102.7
LOS D E F E F
Approach Delay 59.2 68.8 102.7
Approach LOS E E F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:EBWB and 6:, Start of Green, Master Intersection
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.20
Intersection Signal Delay: 82.3 Intersection LOS: F
Intersection Capacity Utilization 142.8% ICU Level of Service H
Analysis Period (min) 15

Splits and Phases:     10: SB BW8 WSR



Lanes, Volumes, Timings
13: NB BW8 ESR 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 6

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø5 ø6 ø8
Lane Configurations
Volume (vph) 247 617 0 0 1218 126 252 1719 187 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 0.91 0.91 0.91 1.00 1.00 1.00 1.00
Frt 0.983 0.850
Flt Protected 0.950 0.993
Satd. Flow (prot) 1711 3421 0 0 4832 0 0 4881 1531 0 0 0
Flt Permitted 0.950 0.993
Satd. Flow (perm) 1711 3421 0 0 4832 0 0 4881 1531 0 0 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 18 164
Link Speed (mph) 35 35 35 35
Link Distance (ft) 225 208 132 141
Travel Time (s) 4.4 4.1 2.6 2.7
Peak Hour Factor 0.97 0.96 0.92 0.92 0.92 0.76 0.85 0.91 0.78 0.92 0.92 0.92
Adj. Flow (vph) 255 643 0 0 1324 166 296 1889 240 0 0 0
Shared Lane Traffic (%)
Lane Group Flow (vph) 255 643 0 0 1490 0 0 2185 240 0 0 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type Prot NA NA Perm NA Perm
Protected Phases 1 1 2 2 4 5 6 8
Permitted Phases 4 4
Total Split (s) 23.0 37.0 60.0 60.0 60.0 27.0 33.0 60.0
Total Lost Time (s) 6.5 6.5 6.5 6.5
Act Effct Green (s) 16.5 53.5 30.5 53.5 53.5
Actuated g/C Ratio 0.14 0.45 0.25 0.45 0.45
v/c Ratio 1.09 0.42 1.20 1.00 0.31

Lanes, Volumes, Timings
13: NB BW8 ESR 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 7

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø5 ø6 ø8
Control Delay 92.0 7.9 139.0 53.7 8.1
Queue Delay 6.2 1.0 0.5 36.7 0.0
Total Delay 98.1 8.9 139.5 90.4 8.1
LOS F A F F A
Approach Delay 34.3 139.5 82.2
Approach LOS C F F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:EBWB and 6:, Start of Green, Master Intersection
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.20
Intersection Signal Delay: 91.0 Intersection LOS: F
Intersection Capacity Utilization 142.8% ICU Level of Service H
Analysis Period (min) 15

Splits and Phases:     13: NB BW8 ESR



Lanes, Volumes, Timings
22: Broken Bough 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 1

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 76 618 18 0 1197 183 20 43 11 209 34 76
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Storage Length (ft) 140 0 100 0 0 0 100 0
Storage Lanes 1 0 1 0 0 0 0 1
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 0.95 0.95 1.00 0.95 0.95 1.00 1.00 1.00 1.00 1.00 1.00
Frt 0.994 0.978 0.980 0.850
Flt Protected 0.950 0.983 0.959
Satd. Flow (prot) 1711 3401 0 1801 3346 0 0 1735 0 0 1727 1531
Flt Permitted 0.950 0.488 0.651
Satd. Flow (perm) 1711 3401 0 1801 3346 0 0 861 0 0 1172 1531
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 6 27 7 110
Link Speed (mph) 35 35 35 35
Link Distance (ft) 264 140 379 137
Travel Time (s) 5.1 2.7 7.4 2.7
Peak Hour Factor 0.65 0.90 0.61 0.92 0.90 0.82 0.53 0.75 0.63 0.80 0.75 0.69
Adj. Flow (vph) 117 687 30 0 1330 223 38 57 17 261 45 110
Shared Lane Traffic (%)
Lane Group Flow (vph) 117 717 0 0 1553 0 0 112 0 0 306 110
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type Prot NA Prot NA Perm NA Perm NA Perm
Protected Phases 1 6 5 2 4 8
Permitted Phases 4 8 8
Total Split (s) 15.0 70.0 20.0 75.0 30.0 30.0 30.0 30.0 30.0
Total Lost Time (s) 4.9 4.9 4.9 4.9 5.1 5.1 5.1

Lanes, Volumes, Timings
22: Broken Bough 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 2

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Act Effct Green (s) 10.0 85.1 70.2 24.9 24.9 24.9
Actuated g/C Ratio 0.08 0.71 0.58 0.21 0.21 0.21
v/c Ratio 0.82 0.30 0.79 0.61 1.26 0.27
Control Delay 105.4 1.7 22.6 55.9 185.4 9.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 105.4 1.7 22.6 55.9 185.4 9.1
LOS F A C E F A
Approach Delay 16.3 22.6 55.9 138.8
Approach LOS B C E F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:NWT and 6:SET, Start of Green
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.26
Intersection Signal Delay: 38.6 Intersection LOS: D
Intersection Capacity Utilization 75.6% ICU Level of Service D
Analysis Period (min) 15

Splits and Phases:     22: Broken Bough



HCM 2010 TWSC
41: Memorial Dr & Old Oaks Ln 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 18

Intersection
Int Delay, s/veh 4.3

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 17 35 1284 14 21 805
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - 200 -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 44 71 96 81 50 87
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 39 49 1338 17 42 925

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1893 677 0 0 1355 0
          Stage 1 1346 - - - - -
          Stage 2 547 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver 62 395 - - 504 -
          Stage 1 207 - - - - -
          Stage 2 544 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 57 395 - - 504 -
Mov Cap-2 Maneuver 57 - - - - -
          Stage 1 207 - - - - -
          Stage 2 499 - - - - -

Approach WB NB SB

HCM 2010 TWSC
41: Memorial Dr & Old Oaks Ln 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 19

Intersection
HCM Control Delay, s 110.1 0 0.6
HCM LOS F

Minor Lane/Major Mvmt NBT NBR WBLn1 SBL SBT
Capacity (veh/h) - - 110 504 -
HCM Lane V/C Ratio - - 0.799 0.083 -
HCM Control Delay (s) - - 110.1 12.8 -
HCM Lane LOS - - F B -
HCM 95th %tile Q(veh) - - 4.5 0.3 -



HCM 2010 TWSC
50: Memorial Dr & Huntingwick Dr 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 22

Intersection
Int Delay, s/veh 0.3

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 0 26 1283 11 0 830
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length - 0 - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 83 58 95 50 69 88
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 0 45 1351 22 0 943

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 1834 686 0 0 1373 0
          Stage 1 1362 - - - - -
          Stage 2 472 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver 67 390 - - 496 -
          Stage 1 203 - - - - -
          Stage 2 594 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 67 390 - - 496 -
Mov Cap-2 Maneuver 67 - - - - -
          Stage 1 203 - - - - -
          Stage 2 594 - - - - -

Approach WB NB SB

HCM 2010 TWSC
50: Memorial Dr & Huntingwick Dr 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 23

Intersection
HCM Control Delay, s 15.4 0 0
HCM LOS C

Minor Lane/Major Mvmt NBT NBR WBLn1 SBL SBT
Capacity (veh/h) - - 390 496 -
HCM Lane V/C Ratio - - 0.115 - -
HCM Control Delay (s) - - 15.4 0 -
HCM Lane LOS - - C A -
HCM 95th %tile Q(veh) - - 0.4 0 -



HCM 2010 TWSC
4: Memorial Dr & Boheme Drive 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 1

Intersection
Int Delay, s/veh 24.4

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 19 114 260 1413 721 53
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - 100 - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 56 78 89 96 91 81
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 34 146 292 1472 792 65

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 2145 429 858 0 - 0
          Stage 1 825 - - - - -
          Stage 2 1320 - - - - -
Critical Hdwy 6.84 6.94 4.14 - - -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 2.22 - - -
Pot Cap-1 Maneuver 42 574 779 - - -
          Stage 1 391 - - - - -
          Stage 2 214 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver ~ 26 574 779 - - -
Mov Cap-2 Maneuver ~ 26 - - - - -
          Stage 1 391 - - - - -
          Stage 2 134 - - - - -

Approach EB NB SB

HCM 2010 TWSC
4: Memorial Dr & Boheme Drive 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 2

Intersection
HCM Control Delay, s $ 359.3 2 0
HCM LOS F

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 779 - 115 - -
HCM Lane V/C Ratio 0.375 - 1.566 - -
HCM Control Delay (s) 12.4 - $ 359.3 - -
HCM Lane LOS B - F - -
HCM 95th %tile Q(veh) 1.8 - 13.2 - -

Notes
~: Volume exceeds capacity       $: Delay exceeds 300s      +: Computation Not Defined      *: All major volume in platoon



HCM 2010 TWSC
56: Memorial Dr & Memorial Bend 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 26

Intersection
Int Delay, s/veh 0.5

Movement SEL SET NWT NWR SWL SWR
Vol, veh/h 17 859 1507 13 3 12
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length 100 - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 67 87 93 75 50 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 25 987 1620 17 6 13

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 1638 0 - 0 2173 819
          Stage 1 - - - - 1629 -
          Stage 2 - - - - 544 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 392 - - - 40 319
          Stage 1 - - - - 146 -
          Stage 2 - - - - 546 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 392 - - - 37 319
Mov Cap-2 Maneuver - - - - 37 -
          Stage 1 - - - - 146 -
          Stage 2 - - - - 511 -

Approach SE NW SW

HCM 2010 TWSC
56: Memorial Dr & Memorial Bend 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 27

Intersection
HCM Control Delay, s 0.4 0 52.8
HCM LOS F

Minor Lane/Major Mvmt NWT NWR SEL SET SWLn1
Capacity (veh/h) - - 392 - 94
HCM Lane V/C Ratio - - 0.065 - 0.203
HCM Control Delay (s) - - 14.8 - 52.8
HCM Lane LOS - - B - F
HCM 95th %tile Q(veh) - - 0.2 - 0.7



HCM 2010 TWSC
21: Memorial Dr & Hollow Drive 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 6

Intersection
Int Delay, s/veh 1.5

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 6 881 1593 12 7 4
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length 100 - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 42 90 94 46 38 38
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 14 979 1695 26 18 11

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 1721 0 - 0 2226 860
          Stage 1 - - - - 1708 -
          Stage 2 - - - - 518 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 364 - - - 37 299
          Stage 1 - - - - 132 -
          Stage 2 - - - - 563 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 364 - - - 36 299
Mov Cap-2 Maneuver - - - - 36 -
          Stage 1 - - - - 132 -
          Stage 2 - - - - 541 -

Approach EB WB SB

HCM 2010 TWSC
21: Memorial Dr & Hollow Drive 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 7

Intersection
HCM Control Delay, s 0.2 0 135.5
HCM LOS F

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 364 - - - 53
HCM Lane V/C Ratio 0.039 - - - 0.546
HCM Control Delay (s) 15.3 - - - 135.5
HCM Lane LOS C - - - F
HCM 95th %tile Q(veh) 0.1 - - - 2.1



HCM 2010 TWSC
26: Somerset Pl & Memorial Dr 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 9

Intersection
Int Delay, s/veh 1.1

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 849 23 34 1517 8 23
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - 100 - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 88 38 69 94 50 50
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 965 61 49 1614 16 46

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1025 0 1900 513
          Stage 1 - - - - 995 -
          Stage 2 - - - - 905 -
Critical Hdwy - - 4.14 - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy - - 2.22 - 3.52 3.32
Pot Cap-1 Maneuver - - 673 - 61 506
          Stage 1 - - - - 318 -
          Stage 2 - - - - 355 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 673 - 57 506
Mov Cap-2 Maneuver - - - - 57 -
          Stage 1 - - - - 318 -
          Stage 2 - - - - 329 -

Approach EB WB NB

HCM 2010 TWSC
26: Somerset Pl & Memorial Dr 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 10

Intersection
HCM Control Delay, s 0 0.3 38.8
HCM LOS E

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 167 - - 673 -
HCM Lane V/C Ratio 0.371 - - 0.073 -
HCM Control Delay (s) 38.8 - - 10.8 -
HCM Lane LOS E - - B -
HCM 95th %tile Q(veh) 1.6 - - 0.2 -



HCM 2010 TWSC
55: Legend Ln & Memorial Dr 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 24

Intersection
Int Delay, s/veh 0.6

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 860 15 11 1559 7 9
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - 100 - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 84 58 63 93 50 50
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 1024 26 17 1676 14 18

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1050 0 1910 525
          Stage 1 - - - - 1037 -
          Stage 2 - - - - 873 -
Critical Hdwy - - 4.14 - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy - - 2.22 - 3.52 3.32
Pot Cap-1 Maneuver - - 659 - 60 497
          Stage 1 - - - - 303 -
          Stage 2 - - - - 369 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 659 - 58 497
Mov Cap-2 Maneuver - - - - 58 -
          Stage 1 - - - - 303 -
          Stage 2 - - - - 359 -

Approach EB WB NB

HCM 2010 TWSC
55: Legend Ln & Memorial Dr 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 25

Intersection
HCM Control Delay, s 0 0.1 48
HCM LOS E

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 115 - - 659 -
HCM Lane V/C Ratio 0.278 - - 0.026 -
HCM Control Delay (s) 48 - - 10.6 -
HCM Lane LOS E - - B -
HCM 95th %tile Q(veh) 1.1 - - 0.1 -



HCM 2010 TWSC
48: Memorial Dr & Tallowood Dr 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 20

Intersection
Int Delay, s/veh 4.9

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 60 814 1491 25 6 79
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length 100 - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 78 86 91 67 42 81
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 77 947 1638 37 14 98

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 1676 0 - 0 2284 838
          Stage 1 - - - - 1657 -
          Stage 2 - - - - 627 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 379 - - - 33 309
          Stage 1 - - - - 141 -
          Stage 2 - - - - 495 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 379 - - - 26 309
Mov Cap-2 Maneuver - - - - 26 -
          Stage 1 - - - - 141 -
          Stage 2 - - - - 394 -

Approach EB WB SB

HCM 2010 TWSC
48: Memorial Dr & Tallowood Dr 8/18/2015

2016 PM Peak 5:00 pm 12/17/2014 Opening Year Synchro 9 Report
LAN Employee Page 21

Intersection
HCM Control Delay, s 1.3 0 111.5
HCM LOS F

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 379 - - - 129
HCM Lane V/C Ratio 0.203 - - - 0.867
HCM Control Delay (s) 16.9 - - - 111.5
HCM Lane LOS C - - - F
HCM 95th %tile Q(veh) 0.7 - - - 5.5
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Lanes, Volumes, Timings
10: SB BW8 WSR 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø1 ø2 ø4
Lane Configurations
Volume (vph) 0 857 386 316 1355 0 0 0 0 120 2001 303
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Storage Length (ft) 0 120 0 0 0 0 0 0
Storage Lanes 0 1 1 0 0 0 0 0
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 0.91 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.91 0.91 0.91
Frt 0.850 0.982
Flt Protected 0.950 0.998
Satd. Flow (prot) 0 4916 1531 1711 3421 0 0 0 0 0 4818 0
Flt Permitted 0.950 0.998
Satd. Flow (perm) 0 4916 1531 1711 3421 0 0 0 0 0 4818 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 91 12
Link Speed (mph) 35 35 35 35
Link Distance (ft) 290 225 131 129
Travel Time (s) 5.6 4.4 2.6 2.5
Peak Hour Factor 0.92 0.88 0.90 0.85 0.92 0.92 0.92 0.92 0.92 0.92 0.91 0.95
Adj. Flow (vph) 0 974 429 372 1473 0 0 0 0 130 2199 319
Shared Lane Traffic (%)
Lane Group Flow (vph) 0 974 429 372 1473 0 0 0 0 0 2648 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type NA Perm Prot NA Perm NA
Protected Phases 6 5 5 6 8 1 2 4
Permitted Phases 6 8
Total Split (s) 33.0 33.0 27.0 60.0 60.0 23.0 37.0 60.0
Total Lost Time (s) 6.5 6.5 6.5 6.5

Lanes, Volumes, Timings
10: SB BW8 WSR 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 5

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø1 ø2 ø4
Act Effct Green (s) 26.5 26.5 20.5 53.5 53.5
Actuated g/C Ratio 0.22 0.22 0.17 0.45 0.45
v/c Ratio 0.90 1.05 1.27 0.97 1.23
Control Delay 57.3 94.0 164.7 18.9 138.5
Queue Delay 12.5 0.0 3.4 43.3 0.0
Total Delay 69.9 94.0 168.1 62.2 138.5
LOS E F F E F
Approach Delay 77.2 83.6 138.5
Approach LOS E F F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:EBWB and 6:, Start of Green, Master Intersection
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.33
Intersection Signal Delay: 106.7 Intersection LOS: F
Intersection Capacity Utilization 158.0% ICU Level of Service H
Analysis Period (min) 15

Splits and Phases:     10: SB BW8 WSR



Lanes, Volumes, Timings
13: NB BW8 ESR 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 6

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø5 ø6 ø8
Lane Configurations
Volume (vph) 278 694 0 0 1370 142 284 1933 211 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 0.91 0.91 0.91 1.00 1.00 1.00 1.00
Frt 0.983 0.850
Flt Protected 0.950 0.993
Satd. Flow (prot) 1711 3421 0 0 4832 0 0 4881 1531 0 0 0
Flt Permitted 0.950 0.993
Satd. Flow (perm) 1711 3421 0 0 4832 0 0 4881 1531 0 0 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 18 145
Link Speed (mph) 35 35 35 35
Link Distance (ft) 225 208 132 141
Travel Time (s) 4.4 4.1 2.6 2.7
Peak Hour Factor 0.97 0.96 0.92 0.92 0.92 0.76 0.85 0.91 0.78 0.92 0.92 0.92
Adj. Flow (vph) 287 723 0 0 1489 187 334 2124 271 0 0 0
Shared Lane Traffic (%)
Lane Group Flow (vph) 287 723 0 0 1676 0 0 2458 271 0 0 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type Prot NA NA Perm NA Perm
Protected Phases 1 1 2 2 4 5 6 8
Permitted Phases 4 4
Total Split (s) 23.0 37.0 60.0 60.0 60.0 27.0 33.0 60.0
Total Lost Time (s) 6.0 6.0 6.0 6.0
Act Effct Green (s) 17.0 54.0 31.0 54.0 54.0
Actuated g/C Ratio 0.14 0.45 0.26 0.45 0.45
v/c Ratio 1.19 0.47 1.33 1.12 0.35

Lanes, Volumes, Timings
13: NB BW8 ESR 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 7

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø5 ø6 ø8
Control Delay 121.1 10.2 182.5 92.6 11.0
Queue Delay 1.2 1.9 0.6 1.1 0.0
Total Delay 122.3 12.1 183.1 93.7 11.0
LOS F B F F B
Approach Delay 43.4 183.1 85.5
Approach LOS D F F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:EBWB and 6:, Start of Green, Master Intersection
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.33
Intersection Signal Delay: 107.8 Intersection LOS: F
Intersection Capacity Utilization 158.0% ICU Level of Service H
Analysis Period (min) 15

Splits and Phases:     13: NB BW8 ESR



Lanes, Volumes, Timings
22: Broken Bough 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 1

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 86 695 21 0 1346 206 23 49 13 236 39 86
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Storage Length (ft) 120 0 120 0 0 0 0 50
Storage Lanes 1 0 1 0 0 0 0 1
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 0.95 0.95 1.00 0.95 0.95 1.00 1.00 1.00 1.00 1.00 1.00
Frt 0.994 0.978 0.978 0.850
Flt Protected 0.950 0.984 0.959
Satd. Flow (prot) 1711 3401 0 1801 3346 0 0 1733 0 0 1727 1531
Flt Permitted 0.950 0.600 0.649
Satd. Flow (perm) 1711 3401 0 1801 3346 0 0 1057 0 0 1169 1531
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 6 23 8 106
Link Speed (mph) 35 35 35 35
Link Distance (ft) 264 140 379 137
Travel Time (s) 5.1 2.7 7.4 2.7
Peak Hour Factor 0.65 0.90 0.61 0.92 0.90 0.82 0.53 0.75 0.63 0.80 0.75 0.69
Adj. Flow (vph) 132 772 34 0 1496 251 43 65 21 295 52 125
Shared Lane Traffic (%)
Lane Group Flow (vph) 132 806 0 0 1747 0 0 129 0 0 347 125
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type Prot NA Prot NA Perm NA Perm NA Perm
Protected Phases 1 6 5 2 4 8
Permitted Phases 4 8 8
Total Split (s) 14.0 73.5 7.5 67.0 39.0 39.0 39.0 39.0 39.0
Total Lost Time (s) 4.9 4.9 4.9 4.9 5.1 5.1 5.1

Lanes, Volumes, Timings
22: Broken Bough 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 2

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Act Effct Green (s) 9.1 76.1 62.1 33.9 33.9 33.9
Actuated g/C Ratio 0.08 0.63 0.52 0.28 0.28 0.28
v/c Ratio 1.02 0.37 1.00 0.42 1.05 0.25
Control Delay 145.8 3.2 51.2 38.0 105.9 9.9
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 145.8 3.2 51.2 38.0 105.9 9.9
LOS F A D D F A
Approach Delay 23.2 51.2 38.0 80.5
Approach LOS C D D F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 15 (13%), Referenced to phase 2:NWT, Start of Green
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.05
Intersection Signal Delay: 46.9 Intersection LOS: D
Intersection Capacity Utilization 82.7% ICU Level of Service E
Analysis Period (min) 15

Splits and Phases:     22: Broken Bough



HCM 2010 TWSC
41: Memorial Dr & Old Oaks Ln 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 18

Intersection
Int Delay, s/veh 17.7

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 20 40 1444 16 24 906
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 44 71 96 81 50 87
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 45 56 1504 20 48 1041

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 2131 762 0 0 1524 0
          Stage 1 1514 - - - - -
          Stage 2 617 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver ~ 42 347 - - 434 -
          Stage 1 168 - - - - -
          Stage 2 501 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver ~ 31 347 - - 434 -
Mov Cap-2 Maneuver ~ 31 - - - - -
          Stage 1 168 - - - - -
          Stage 2 370 - - - - -

Approach WB NB SB

HCM 2010 TWSC
41: Memorial Dr & Old Oaks Ln 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 19

Intersection
HCM Control Delay, s $ 447.1 0 2.3
HCM LOS F

Minor Lane/Major Mvmt NBT NBR WBLn1 SBL SBT
Capacity (veh/h) - - 63 434 -
HCM Lane V/C Ratio - - 1.616 0.111 -
HCM Control Delay (s) - - $ 447.1 14.3 1.7
HCM Lane LOS - - F B A
HCM 95th %tile Q(veh) - - 9.1 0.4 -

Notes
~: Volume exceeds capacity       $: Delay exceeds 300s      +: Computation Not Defined      *: All major volume in platoon



HCM 2010 TWSC
50: Memorial Dr & Huntingwick Dr 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 22

Intersection
Int Delay, s/veh 2.3

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 13 17 1443 13 26 908
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 83 58 95 50 69 88
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 16 29 1519 26 38 1032

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 2123 772 0 0 1545 0
          Stage 1 1532 - - - - -
          Stage 2 591 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver 43 342 - - 426 -
          Stage 1 164 - - - - -
          Stage 2 516 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 34 342 - - 426 -
Mov Cap-2 Maneuver 34 - - - - -
          Stage 1 164 - - - - -
          Stage 2 408 - - - - -

Approach WB NB SB

HCM 2010 TWSC
50: Memorial Dr & Huntingwick Dr 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 23

Intersection
HCM Control Delay, s 92.8 0 1.9
HCM LOS F

Minor Lane/Major Mvmt NBT NBR WBLn1 SBL SBT
Capacity (veh/h) - - 82 426 -
HCM Lane V/C Ratio - - 0.548 0.088 -
HCM Control Delay (s) - - 92.8 14.3 1.4
HCM Lane LOS - - F B A
HCM 95th %tile Q(veh) - - 2.4 0.3 -



HCM 2010 TWSC
4: Memorial Dr & Boheme Drive 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 1

Intersection
Int Delay, s/veh 32.8

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 22 129 293 1589 811 60
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 56 78 89 96 91 81
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 39 165 329 1655 891 74

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 2414 483 965 0 - 0
          Stage 1 928 - - - - -
          Stage 2 1486 - - - - -
Critical Hdwy 6.84 6.94 4.14 - - -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 2.22 - - -
Pot Cap-1 Maneuver ~ 27 530 709 - - -
          Stage 1 345 - - - - -
          Stage 2 174 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver ~ 27 530 709 - - -
Mov Cap-2 Maneuver ~ 27 - - - - -
          Stage 1 345 - - - - -
          Stage 2 174 - - - - -

Approach EB NB SB

HCM 2010 TWSC
4: Memorial Dr & Boheme Drive 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 2

Intersection
HCM Control Delay, s $ 440.9 6.7 0
HCM LOS F

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 709 - 116 - -
HCM Lane V/C Ratio 0.464 - 1.764 - -
HCM Control Delay (s) 14.4 5.2 $ 440.9 - -
HCM Lane LOS B A F - -
HCM 95th %tile Q(veh) 2.5 - 15.9 - -

Notes
~: Volume exceeds capacity       $: Delay exceeds 300s      +: Computation Not Defined      *: All major volume in platoon



HCM 2010 TWSC
56: Memorial Dr & Memorial Bend 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 26

Intersection
Int Delay, s/veh 1.9

Movement WBL WBR SEL SET NWT NWR
Vol, veh/h 4 14 20 966 1695 15
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 50 92 67 87 93 75
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 8 15 30 1110 1823 20

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 2448 921 1843 0 - 0
          Stage 1 1833 - - - - -
          Stage 2 615 - - - - -
Critical Hdwy 6.84 6.94 4.14 - - -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 2.22 - - -
Pot Cap-1 Maneuver 26 273 326 - - -
          Stage 1 112 - - - - -
          Stage 2 502 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 20 273 326 - - -
Mov Cap-2 Maneuver 20 - - - - -
          Stage 1 112 - - - - -
          Stage 2 382 - - - - -

Approach WB SE NW

HCM 2010 TWSC
56: Memorial Dr & Memorial Bend 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 27

Intersection
HCM Control Delay, s 124.7 2.4 0
HCM LOS F

Minor Lane/Major Mvmt NWT NWR WBLn1 SEL SET
Capacity (veh/h) - - 51 326 -
HCM Lane V/C Ratio - - 0.455 0.092 -
HCM Control Delay (s) - - 124.7 17.2 2
HCM Lane LOS - - F C A
HCM 95th %tile Q(veh) - - 1.7 0.3 -



HCM 2010 TWSC
21: Memorial Dr & Hollow Drive 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 6

Intersection
Int Delay, s/veh 4.8

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 7 991 1792 24 8 5
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 42 90 94 46 38 38
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 17 1101 1906 52 21 13

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 1959 0 - 0 2516 979
          Stage 1 - - - - 1932 -
          Stage 2 - - - - 584 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 294 - - - 23 249
          Stage 1 - - - - 99 -
          Stage 2 - - - - 521 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 294 - - - ~ 20 249
Mov Cap-2 Maneuver - - - - ~ 20 -
          Stage 1 - - - - 99 -
          Stage 2 - - - - 443 -

Approach EB WB SB

HCM 2010 TWSC
21: Memorial Dr & Hollow Drive 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 7

Intersection
HCM Control Delay, s 1.5 0 $ 385.7
HCM LOS F

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 294 - - - 31
HCM Lane V/C Ratio 0.057 - - - 1.104
HCM Control Delay (s) 18 1.3 - - $ 385.7
HCM Lane LOS C A - - F
HCM 95th %tile Q(veh) 0.2 - - - 3.8

Notes
~: Volume exceeds capacity       $: Delay exceeds 300s      +: Computation Not Defined      *: All major volume in platoon



HCM 2010 TWSC
26: Somerset Pl & Memorial Dr 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 9

Intersection
Int Delay, s/veh 1.8

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 955 27 51 1706 9 26
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 88 38 69 94 50 50
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 1085 71 74 1815 18 52

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1156 0 2176 578
          Stage 1 - - - - 1121 -
          Stage 2 - - - - 1055 -
Critical Hdwy - - 4.14 - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy - - 2.22 - 3.52 3.32
Pot Cap-1 Maneuver - - 600 - 40 459
          Stage 1 - - - - 273 -
          Stage 2 - - - - 296 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 600 - 40 459
Mov Cap-2 Maneuver - - - - 40 -
          Stage 1 - - - - 273 -
          Stage 2 - - - - 296 -

Approach EB WB NB

HCM 2010 TWSC
26: Somerset Pl & Memorial Dr 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 10

Intersection
HCM Control Delay, s 0 0.5 66.3
HCM LOS F

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 124 - - 600 -
HCM Lane V/C Ratio 0.565 - - 0.123 -
HCM Control Delay (s) 66.3 - - 11.8 0
HCM Lane LOS F - - B A
HCM 95th %tile Q(veh) 2.8 - - 0.4 -



HCM 2010 TWSC
55: Legend Ln & Memorial Dr 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 24

Intersection
Int Delay, s/veh 1

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 967 17 13 1753 8 11
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 84 58 63 93 50 50
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 1151 29 21 1885 16 22

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1181 0 2150 590
          Stage 1 - - - - 1166 -
          Stage 2 - - - - 984 -
Critical Hdwy - - 4.14 - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy - - 2.22 - 3.52 3.32
Pot Cap-1 Maneuver - - 587 - 41 451
          Stage 1 - - - - 259 -
          Stage 2 - - - - 323 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 587 - 41 451
Mov Cap-2 Maneuver - - - - 41 -
          Stage 1 - - - - 259 -
          Stage 2 - - - - 323 -

Approach EB WB NB

HCM 2010 TWSC
55: Legend Ln & Memorial Dr 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 25

Intersection
HCM Control Delay, s 0 0.1 75.2
HCM LOS F

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 87 - - 587 -
HCM Lane V/C Ratio 0.437 - - 0.035 -
HCM Control Delay (s) 75.2 - - 11.4 0
HCM Lane LOS F - - B A
HCM 95th %tile Q(veh) 1.8 - - 0.1 -



HCM 2010 TWSC
48: Memorial Dr & Tallowood Dr 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 20

Intersection
Int Delay, s/veh 5.1

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 68 916 1677 29 7 89
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 78 86 91 67 42 81
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 87 1065 1843 43 17 110

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 1886 0 - 0 2571 943
          Stage 1 - - - - 1864 -
          Stage 2 - - - - 707 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 314 - - - 21 264
          Stage 1 - - - - 108 -
          Stage 2 - - - - 450 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 314 - - - ~ 7 264
Mov Cap-2 Maneuver - - - - 59 -
          Stage 1 - - - - 108 -
          Stage 2 - - - - 144 -

Approach EB WB SB

HCM 2010 TWSC
48: Memorial Dr & Tallowood Dr 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 No Build Synchro 9 Report
LAN Employee Page 21

Intersection
HCM Control Delay, s 7.2 0 61.3
HCM LOS F

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 314 - - - 181
HCM Lane V/C Ratio 0.278 - - - 0.699
HCM Control Delay (s) 20.8 6.1 - - 61.3
HCM Lane LOS C A - - F
HCM 95th %tile Q(veh) 1.1 - - - 4.3

Notes
~: Volume exceeds capacity       $: Delay exceeds 300s      +: Computation Not Defined      *: All major volume in platoon
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Lanes, Volumes, Timings
10: SB BW8 WSR 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 4

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø1 ø2 ø4
Lane Configurations
Volume (vph) 0 857 386 316 1355 0 0 0 0 133 2001 303
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Storage Length (ft) 0 120 0 0 0 0 0 0
Storage Lanes 0 1 1 0 0 0 0 0
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 0.91 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.91 0.91 0.91
Frt 0.850 0.982
Flt Protected 0.950 0.997
Satd. Flow (prot) 0 4916 1531 1711 3421 0 0 0 0 0 4813 0
Flt Permitted 0.950 0.997
Satd. Flow (perm) 0 4916 1531 1711 3421 0 0 0 0 0 4813 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 91 12
Link Speed (mph) 35 35 35 35
Link Distance (ft) 290 225 131 129
Travel Time (s) 5.6 4.4 2.6 2.5
Peak Hour Factor 0.92 0.88 0.90 0.85 0.92 0.92 0.92 0.92 0.92 0.92 0.91 0.95
Adj. Flow (vph) 0 974 429 372 1473 0 0 0 0 145 2199 319
Shared Lane Traffic (%)
Lane Group Flow (vph) 0 974 429 372 1473 0 0 0 0 0 2663 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type NA Perm Prot NA Perm NA
Protected Phases 6 5 5 6 8 1 2 4
Permitted Phases 6 8
Total Split (s) 33.0 33.0 27.0 60.0 60.0 23.0 37.0 60.0
Total Lost Time (s) 6.5 6.5 6.5 6.5

Lanes, Volumes, Timings
10: SB BW8 WSR 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 5

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø1 ø2 ø4
Act Effct Green (s) 26.5 26.5 20.5 53.5 53.5
Actuated g/C Ratio 0.22 0.22 0.17 0.45 0.45
v/c Ratio 0.90 1.05 1.27 0.97 1.24
Control Delay 57.3 94.0 164.4 19.1 141.9
Queue Delay 15.0 0.0 3.4 43.4 0.0
Total Delay 72.3 94.0 167.8 62.5 141.9
LOS E F F E F
Approach Delay 79.0 83.7 141.9
Approach LOS E F F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:EBWB and 6:, Start of Green, Master Intersection
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.35
Intersection Signal Delay: 108.8 Intersection LOS: F
Intersection Capacity Utilization 159.1% ICU Level of Service H
Analysis Period (min) 15

Splits and Phases:     10: SB BW8 WSR



Lanes, Volumes, Timings
13: NB BW8 ESR 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 6

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø5 ø6 ø8
Lane Configurations
Volume (vph) 278 694 0 0 1370 142 284 1933 211 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Util. Factor 1.00 0.95 1.00 1.00 0.91 0.91 0.91 0.91 1.00 1.00 1.00 1.00
Frt 0.983 0.850
Flt Protected 0.950 0.993
Satd. Flow (prot) 1711 3421 0 0 4832 0 0 4881 1531 0 0 0
Flt Permitted 0.950 0.993
Satd. Flow (perm) 1711 3421 0 0 4832 0 0 4881 1531 0 0 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 17 150
Link Speed (mph) 35 35 35 35
Link Distance (ft) 225 208 132 141
Travel Time (s) 4.4 4.1 2.6 2.7
Peak Hour Factor 0.97 0.96 0.92 0.92 0.92 0.76 0.85 0.91 0.78 0.92 0.92 0.92
Adj. Flow (vph) 287 723 0 0 1489 187 334 2124 271 0 0 0
Shared Lane Traffic (%)
Lane Group Flow (vph) 287 723 0 0 1676 0 0 2458 271 0 0 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type Prot NA NA Perm NA Perm
Protected Phases 1 1 2 2 4 5 6 8
Permitted Phases 4 4
Total Split (s) 23.0 37.0 60.0 60.0 60.0 27.0 33.0 60.0
Total Lost Time (s) 6.5 6.5 6.5 6.5
Act Effct Green (s) 16.5 53.5 30.5 53.5 53.5
Actuated g/C Ratio 0.14 0.45 0.25 0.45 0.45
v/c Ratio 1.22 0.47 1.35 1.13 0.35

Lanes, Volumes, Timings
13: NB BW8 ESR 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 7

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR ø5 ø6 ø8
Control Delay 136.7 11.2 192.3 96.9 10.7
Queue Delay 1.2 2.2 0.6 1.1 0.0
Total Delay 137.9 13.5 192.8 98.0 10.7
LOS F B F F B
Approach Delay 48.8 192.8 89.3
Approach LOS D F F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 2:EBWB and 6:, Start of Green, Master Intersection
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.35
Intersection Signal Delay: 113.8 Intersection LOS: F
Intersection Capacity Utilization 159.1% ICU Level of Service H
Analysis Period (min) 15

Splits and Phases:     13: NB BW8 ESR



Lanes, Volumes, Timings
22: Broken Bough 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 1

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 86 695 21 0 1346 206 23 49 13 236 39 86
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Storage Length (ft) 140 0 100 0 0 0 100 0
Storage Lanes 1 0 1 0 0 0 0 1
Taper Length (ft) 25 25 25 25
Lane Util. Factor 1.00 0.95 0.95 1.00 0.95 0.95 1.00 1.00 1.00 1.00 1.00 1.00
Frt 0.994 0.978 0.978 0.850
Flt Protected 0.950 0.984 0.959
Satd. Flow (prot) 1711 3401 0 1801 3346 0 0 1733 0 0 1727 1531
Flt Permitted 0.950 0.600 0.649
Satd. Flow (perm) 1711 3401 0 1801 3346 0 0 1057 0 0 1169 1531
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 6 23 8 125
Link Speed (mph) 35 35 35 35
Link Distance (ft) 264 140 379 137
Travel Time (s) 5.1 2.7 7.4 2.7
Peak Hour Factor 0.65 0.90 0.61 0.92 0.90 0.82 0.53 0.75 0.63 0.80 0.75 0.69
Adj. Flow (vph) 132 772 34 0 1496 251 43 65 21 295 52 125
Shared Lane Traffic (%)
Lane Group Flow (vph) 132 806 0 0 1747 0 0 129 0 0 347 125
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 11 11 0 0
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type Prot NA Prot NA Perm NA Perm NA Perm
Protected Phases 1 6 5 2 4 8
Permitted Phases 4 8 8
Total Split (s) 14.0 75.1 5.9 67.0 39.0 39.0 39.0 39.0 39.0
Total Lost Time (s) 4.9 4.9 4.9 4.9 5.1 5.1 5.1

Lanes, Volumes, Timings
22: Broken Bough 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 2

Lane Group SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Act Effct Green (s) 9.1 76.1 62.1 33.9 33.9 33.9
Actuated g/C Ratio 0.08 0.63 0.52 0.28 0.28 0.28
v/c Ratio 1.02 0.37 1.00 0.42 1.05 0.24
Control Delay 145.3 3.2 51.2 38.0 105.9 6.8
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 145.3 3.2 51.2 38.0 105.9 6.8
LOS F A D D F A
Approach Delay 23.2 51.2 38.0 79.7
Approach LOS C D D E

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 15 (13%), Referenced to phase 2:NWT, Start of Green
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.05
Intersection Signal Delay: 46.8 Intersection LOS: D
Intersection Capacity Utilization 82.7% ICU Level of Service E
Analysis Period (min) 15

Splits and Phases:     22: Broken Bough



HCM 2010 TWSC
41: Memorial Dr & Old Oaks Ln 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 18

Intersection
Int Delay, s/veh 13

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 20 40 1444 16 24 906
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - 200 -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 44 71 96 81 50 87
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 45 56 1504 20 48 1041

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 2131 762 0 0 1524 0
          Stage 1 1514 - - - - -
          Stage 2 617 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver ~ 42 347 - - 434 -
          Stage 1 168 - - - - -
          Stage 2 501 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver ~ 37 347 - - 434 -
Mov Cap-2 Maneuver ~ 37 - - - - -
          Stage 1 168 - - - - -
          Stage 2 446 - - - - -

Approach WB NB SB

HCM 2010 TWSC
41: Memorial Dr & Old Oaks Ln 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 19

Intersection
HCM Control Delay, s $ 340.1 0 0.6
HCM LOS F

Minor Lane/Major Mvmt NBT NBR WBLn1 SBL SBT
Capacity (veh/h) - - 73 434 -
HCM Lane V/C Ratio - - 1.394 0.111 -
HCM Control Delay (s) - - $ 340.1 14.3 -
HCM Lane LOS - - F B -
HCM 95th %tile Q(veh) - - 8.2 0.4 -

Notes
~: Volume exceeds capacity       $: Delay exceeds 300s      +: Computation Not Defined      *: All major volume in platoon



HCM 2010 TWSC
50: Memorial Dr & Huntingwick Dr 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 22

Intersection
Int Delay, s/veh 0.3

Movement WBL WBR NBT NBR SBL SBT
Vol, veh/h 0 30 1443 13 0 930
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length - 0 - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 83 58 95 50 69 88
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 0 52 1519 26 0 1057

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 2060 772 0 0 1545 0
          Stage 1 1532 - - - - -
          Stage 2 528 - - - - -
Critical Hdwy 6.84 6.94 - - 4.14 -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 - - 2.22 -
Pot Cap-1 Maneuver 47 342 - - 426 -
          Stage 1 164 - - - - -
          Stage 2 556 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 47 342 - - 426 -
Mov Cap-2 Maneuver 47 - - - - -
          Stage 1 164 - - - - -
          Stage 2 556 - - - - -

Approach WB NB SB

HCM 2010 TWSC
50: Memorial Dr & Huntingwick Dr 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 23

Intersection
HCM Control Delay, s 17.4 0 0
HCM LOS C

Minor Lane/Major Mvmt NBT NBR WBLn1 SBL SBT
Capacity (veh/h) - - 342 426 -
HCM Lane V/C Ratio - - 0.151 - -
HCM Control Delay (s) - - 17.4 0 -
HCM Lane LOS - - C A -
HCM 95th %tile Q(veh) - - 0.5 0 -



HCM 2010 TWSC
4: Memorial Dr & Boheme Drive 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 1

Intersection
Int Delay, s/veh 71.6

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 22 129 293 1589 811 60
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - 100 - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 56 78 89 96 91 81
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 39 165 329 1655 891 74

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 2414 483 965 0 - 0
          Stage 1 928 - - - - -
          Stage 2 1486 - - - - -
Critical Hdwy 6.84 6.94 4.14 - - -
Critical Hdwy Stg 1 5.84 - - - - -
Critical Hdwy Stg 2 5.84 - - - - -
Follow-up Hdwy 3.52 3.32 2.22 - - -
Pot Cap-1 Maneuver ~ 27 530 709 - - -
          Stage 1 345 - - - - -
          Stage 2 174 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver ~ 14 530 709 - - -
Mov Cap-2 Maneuver ~ 14 - - - - -
          Stage 1 345 - - - - -
          Stage 2 93 - - - - -

Approach EB NB SB

HCM 2010 TWSC
4: Memorial Dr & Boheme Drive 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 2

Intersection
HCM Control Delay, s $ 1079.6 2.4 0
HCM LOS F

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 709 - 66 - -
HCM Lane V/C Ratio 0.464 - 3.101 - -
HCM Control Delay (s) 14.4 - $ 1079.6 - -
HCM Lane LOS B - F - -
HCM 95th %tile Q(veh) 2.5 - 21 - -

Notes
~: Volume exceeds capacity       $: Delay exceeds 300s      +: Computation Not Defined      *: All major volume in platoon



HCM 2010 TWSC
56: Memorial Dr & Memorial Bend 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 26

Intersection
Int Delay, s/veh 0.9

Movement SEL SET NWT NWR SWL SWR
Vol, veh/h 20 966 1695 15 4 14
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length 0 - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 67 87 93 75 50 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 30 1110 1823 20 8 15

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 1843 0 - 0 2448 921
          Stage 1 - - - - 1833 -
          Stage 2 - - - - 615 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 326 - - - 26 273
          Stage 1 - - - - 112 -
          Stage 2 - - - - 502 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 326 - - - 24 273
Mov Cap-2 Maneuver - - - - 24 -
          Stage 1 - - - - 112 -
          Stage 2 - - - - 456 -

Approach SE NW SW

HCM 2010 TWSC
56: Memorial Dr & Memorial Bend 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 27

Intersection
HCM Control Delay, s 0.4 0 98.7
HCM LOS F

Minor Lane/Major Mvmt NWT NWR SEL SET SWLn1
Capacity (veh/h) - - 326 - 60
HCM Lane V/C Ratio - - 0.092 - 0.387
HCM Control Delay (s) - - 17.2 - 98.7
HCM Lane LOS - - C - F
HCM 95th %tile Q(veh) - - 0.3 - 1.4



HCM 2010 TWSC
21: Memorial Dr & Hollow Drive 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 6

Intersection
Int Delay, s/veh 3.8

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 7 991 1792 24 8 5
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length 100 - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 42 90 94 46 38 38
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 17 1101 1906 52 21 13

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 1959 0 - 0 2516 979
          Stage 1 - - - - 1932 -
          Stage 2 - - - - 584 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 294 - - - 23 249
          Stage 1 - - - - 99 -
          Stage 2 - - - - 521 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 294 - - - 22 249
Mov Cap-2 Maneuver - - - - 22 -
          Stage 1 - - - - 99 -
          Stage 2 - - - - 491 -

Approach EB WB SB

HCM 2010 TWSC
21: Memorial Dr & Hollow Drive 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 7

Intersection
HCM Control Delay, s 0.3 0 $ 331.2
HCM LOS F

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 294 - - - 34
HCM Lane V/C Ratio 0.057 - - - 1.006
HCM Control Delay (s) 18 - - - $ 331.2
HCM Lane LOS C - - - F
HCM 95th %tile Q(veh) 0.2 - - - 3.6

Notes
~: Volume exceeds capacity       $: Delay exceeds 300s      +: Computation Not Defined      *: All major volume in platoon



HCM 2010 TWSC
26: Somerset Pl & Memorial Dr 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 9

Intersection
Int Delay, s/veh 2.1

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 955 27 51 1706 9 26
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - 100 - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 88 38 69 94 50 50
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 1085 71 74 1815 18 52

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1156 0 2176 578
          Stage 1 - - - - 1121 -
          Stage 2 - - - - 1055 -
Critical Hdwy - - 4.14 - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy - - 2.22 - 3.52 3.32
Pot Cap-1 Maneuver - - 600 - 40 459
          Stage 1 - - - - 273 -
          Stage 2 - - - - 296 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 600 - 35 459
Mov Cap-2 Maneuver - - - - 35 -
          Stage 1 - - - - 273 -
          Stage 2 - - - - 259 -

Approach EB WB NB

HCM 2010 TWSC
26: Somerset Pl & Memorial Dr 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 10

Intersection
HCM Control Delay, s 0 0.5 79.9
HCM LOS F

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 112 - - 600 -
HCM Lane V/C Ratio 0.625 - - 0.123 -
HCM Control Delay (s) 79.9 - - 11.8 -
HCM Lane LOS F - - B -
HCM 95th %tile Q(veh) 3.1 - - 0.4 -



HCM 2010 TWSC
55: Legend Ln & Memorial Dr 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 24

Intersection
Int Delay, s/veh 1

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 967 17 13 1753 8 11
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - 100 - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 84 58 63 93 50 50
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 1151 29 21 1885 16 22

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 1181 0 2150 590
          Stage 1 - - - - 1166 -
          Stage 2 - - - - 984 -
Critical Hdwy - - 4.14 - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy - - 2.22 - 3.52 3.32
Pot Cap-1 Maneuver - - 587 - 41 451
          Stage 1 - - - - 259 -
          Stage 2 - - - - 323 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 587 - 40 451
Mov Cap-2 Maneuver - - - - 40 -
          Stage 1 - - - - 259 -
          Stage 2 - - - - 311 -

Approach EB WB NB

HCM 2010 TWSC
55: Legend Ln & Memorial Dr 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 25

Intersection
HCM Control Delay, s 0 0.1 77.9
HCM LOS F

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 85 - - 587 -
HCM Lane V/C Ratio 0.447 - - 0.035 -
HCM Control Delay (s) 77.9 - - 11.4 -
HCM Lane LOS F - - B -
HCM 95th %tile Q(veh) 1.8 - - 0.1 -



HCM 2010 TWSC
48: Memorial Dr & Tallowood Dr 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 20

Intersection
Int Delay, s/veh 15.6

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 68 916 1677 29 7 89
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length 100 - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 78 86 91 67 42 81
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 87 1065 1843 43 17 110

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 1886 0 - 0 2571 943
          Stage 1 - - - - 1864 -
          Stage 2 - - - - 707 -
Critical Hdwy 4.14 - - - 6.84 6.94
Critical Hdwy Stg 1 - - - - 5.84 -
Critical Hdwy Stg 2 - - - - 5.84 -
Follow-up Hdwy 2.22 - - - 3.52 3.32
Pot Cap-1 Maneuver 314 - - - 21 264
          Stage 1 - - - - 108 -
          Stage 2 - - - - 450 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 314 - - - ~ 15 264
Mov Cap-2 Maneuver - - - - ~ 15 -
          Stage 1 - - - - 108 -
          Stage 2 - - - - 325 -

Approach EB WB SB

HCM 2010 TWSC
48: Memorial Dr & Tallowood Dr 8/18/2015

2030 PM Peak 5:00 pm 12/17/2014 Build Synchro 9 Report
LAN Employee Page 21

Intersection
HCM Control Delay, s 1.6 0 $ 375.4
HCM LOS F

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 314 - - - 83
HCM Lane V/C Ratio 0.278 - - - 1.525
HCM Control Delay (s) 20.8 - - - $ 375.4
HCM Lane LOS C - - - F
HCM 95th %tile Q(veh) 1.1 - - - 10.1

Notes
~: Volume exceeds capacity       $: Delay exceeds 300s      +: Computation Not Defined      *: All major volume in platoon
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Memorial Road @ Sam Houston Parkway (Looking West)

 

 

 

 

 

Memorial Road @ Sam Houston Parkway (Looking South)

 

Memorial Road @ Sam Houston Parkway (Looking East)

 

 

 

 

 

Memorial Road @ Town & Country Village Entrance (Looking West)
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Memorial Road @ West Bough Lane (Looking North West)

 

 

 

 

 

Memorial Road Near Old Oaks Drive (Looking North West)

 

Memorial Road @ West Bough Lane (Looking South East)

 

 

 

 

 

Memorial Road Near Old Oaks Drive (Looking South)
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Memorial Road @ Boheme Drive (Looking North)

 

 

 

 

 

Memorial Road Near Hollow Drive (Looking West)

 

Memorial Road @ Boheme Drive (Looking South)

 

 

 

 

 

Memorial Road Near Hollow Drive (Looking East)
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Memorial Road @ Tallowood Road (Looking West)

 

 

 

 

 

Memorial Road @ Tallowood Road (Looking North)

 

Memorial Road @ Tallowood Road (Looking East)
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Overall Project Findings 
 

Proposed 6’ wide sidewalk on north side of street and 10’ wide sidewalk on south 
side of street will impact most of the existing trees and shrubs located in the street right 
of way.  A majority of the plants will need to be removed for proposed design.  

A handful of trees in the right of way have been identified as potential 
preservation candidates.  These candidates are located adjacent to areas where proposed 
sidewalks appear to be designed in existing roadside ditches.  The fill situation may allow 
preservation of the trees – final determination will be evaluated with 60% and 90% 
design drawings.  

75 trees will need to be removed for proposed street and sidewalk construction.  
31 of the 75 trees are protected by Street Tree Ordinance and are in good condition that 
will require replacement planting to comply with Ordinance.  The 31 trees require 
replacement total of 359 inches in plantings with an estimated removal and replacement 
fee of $143,950.00. 

Trees located on private property will be protected by using root pruning trench 
for sidewalk construction or forming sidewalk on grade without cutting or otherwise 
damaging tree roots 1” diameter or larger.  Tree protection fencing and overhead 
clearance pruning may also be necessary to ensure long term tree survival.  
 

Individual Tree Findings 
    
Tree numbers and locations included on attached tree location drawings. 
 
 
Trees no. 1-6 
 (2)14” Laurel Oak, 10” Laurel Oak, 9” Laurel Oak, 12” Live Oak & 7” Live Oak 
growing on private property.  Trees will be protected with sidewalk on grade or root 
pruning for sidewalk, tree protection fencing, and clearance pruning for construction 
access. 
 
Tree no. 7 
 19” Southern Red Oak growing in TXDOT right of way.  Tree will not be 
impacted, provided no utility relocation/connection or sidewalk relocation is required 
within 15’ of trunk.  Tree is not protected by City of Houston Street Tree Ordinance but 
is covered by TXDOT protection and replacement requirements. 
 
 
 
 
Trees no. 8 
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(10)5” Italian Cypress growing on private property.  Trees will not be impacted by 
construction in street right of way.  
 
Tree no. 9 
27” Pine growing at edge of street right of way.  Proposed drive construction will 
significantly impact long term tree health and structural integrity.  Tree will need to be 
removed.  Tree is protected by Street Tree Ordinance and will require 27” in replacement 
planting to comply with ordinance.  Estimated removal and replacement cost is 
$8,850.00. 
 

 
Figure 1: Tree No. 9 - 27" Pine to be removed for proposed drive ways. 
 
Trees no. 10, 11 & 12 
22” Pine, 20” Pine & 28” Water Oak are growing in street right of way and protected by 
Street Tree Ordinance.  It appears from preliminary drawings that trees can be preserved 
with root pruning for street, Sidewalk on grade and tree protection fencing.  Final 
treatment will be determined by horizontal and vertical location of walk in design phase 
drawings. 
 
Trees no. 13-17 
3” Crepe Myrtle, 4” Juniper, 18” Post Oak, 17” Post Oak & 3” Juniper growing on 
private property.  Trees will be protected with sidewalk on grade or root pruning for 
sidewalk, tree protection fencing, and clearance pruning for construction access. 
 
Tree no. 18 
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23” American Elm growing in street right of way and protected by Street Tree Ordinance.  
Tree has 40% dieback and is in fair to poor condition.  It appears from preliminary 
drawings that tree can be preserved with root pruning for street, Sidewalk on grade and 
tree protection fencing.  Final treatment will be determined by horizontal and vertical 
location of walk in design phase drawings.  If tree is preserved the canopy will need to be 
hazard pruned to remove large deadwood for public safety concerns. 
 

 
Figure 2: Large deadwood in canopy of Tree no. 18. 
 
Tree no. 19 
10” Arborvitae growing in Street Right of way and not protected by street tree ordinance.  
Tree may need to be pruned to provide clearance for proposed sidewalk. 
 
Trees no. 20-22 
17” Post Oak, 19” Post Oak & 22” Post Oak growing on private property.  Trees will be 
protected with sidewalk on grade or root pruning for sidewalk, tree protection fencing, 
and clearance pruning for construction access. 
 
Tree no. 23 
12” Post Oak growing in street right of way and protected by Street Tree Ordinance.  It 
appears from preliminary drawings that tree can be preserved with root pruning for street, 
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Sidewalk on grade and tree protection fencing.  Final treatment will be determined by 
horizontal and vertical location of walk in design phase drawings. 
 
Tree no. 24 
22” Post Oak growing on private property with approximately 30% canopy dieback.  
Tree has been impacted by private drive construction.  Tree will be protected with 
sidewalk on grade or root pruning for sidewalk, tree protection fencing, and clearance 
pruning for construction access. 
 
Trees no. 25 & 26 
9” Lacebark Elm & 7” Lacebark Elm growing in street right of way and protected by 
Street Tree Ordinance.  It appears from preliminary drawings that trees can be preserved 
with root pruning for street, Sidewalk on grade and tree protection fencing.  Final 
treatment will be determined by horizontal and vertical location of walk in design phase 
drawings. 
 
Tree no. 27 
13” Live Oak growing in street right of way and protected by Street Tree Ordinance.  
Tree will need to be removed for proposed street and sidewalk construction.  Removal 
requires 13” in replacement planting to comply with Ordinance.  Estimated removal and 
replacement costs are $5,125.00. 
 

 
Figure 3: Tree no. 27 to be removed for street and walk construction. 
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Trees no. 28, 30, 32, 33, & 35 
12” Live Oak, 16” Live Oak, 13” Live Oak, 16” Live Oak & 40’ Palm growing on 
private property.  Trees will be protected with sidewalk on grade or root pruning for 
sidewalk, tree protection fencing, and clearance pruning for construction access. 
 
Trees no. 29 & 31 
26” Live Oak and 15” Live Oak growing in street right of way and protected by Street 
Tree Ordinance.  Trees will need to be removed for proposed street and sidewalk 
construction.  Removal requires 41” in replacement planting to comply with Ordinance.  
Estimated removal and replacement costs are $14,425.00. 
 

 
Figure 4: Tree no. 29 - 26" Live Oak to be removed for proposed street and walk construction. 
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Tree no. 34 & 38 
26” Crepe Myrtle & 22” Crepe Myrtle growing in street right of way and protected by 
Street Tree Ordinance.  It appears from preliminary drawings that trees can be preserved 
with root pruning for street, tree protection fencing and clearance pruning.  Final 
treatment will be determined by horizontal and vertical location of walk in design phase 
drawings. 
 

 
Figure 5: Tree no. 34 - 26" Live Oak in esplanade. 
 
Trees no. 36, 37, 39-42 
(4) 40’ Palms, 13” Crepe Myrtle, 16” Pine growing on private property.  Trees will be 
protected with sidewalk on grade or root pruning for sidewalk, tree protection fencing, 
and clearance pruning for construction access. 
 
Tree no. 43 
17” Water Oak growing on private property that has been significantly impacted by new 
home and driveway construction.  Tree has 50% canopy dieback and has been colonized 
by Hypoxylon, which is slowly killing the tree.  Tree is in poor condition and will most 
likely die before start of final design. 
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Figure 6: Tree no. 43 with 50% canopy dieback and Hypoxylon infestation. 
 
Trees no. 44-48 & 50 
9” Willow Oak, 8” Pine, 20” Post Oak, 18” Post Oak, 22” Pine, 21” Pine growing just 
outside of right of way on private property.  Trees have been impacted by recent home 
construction and exhibit 20-50% canopy dieback.  Trees will be protected with sidewalk 
on grade or root pruning for sidewalk, tree protection fencing, and clearance pruning for 
construction access. 
 
Tree no. 49 
11” Redbud growing in street right of way is not protected by street tree ordinance.  Tree 
will need to be clearance pruned to allow construction and provide Accessibility 
Standards requirements for new sidewalk.  
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Trees no. 51-62 
14” Pine, 10” Pine, 11” Pine, 12” Pine, 14” Pine, (2)5” Mulberry, 7” Mulberry, 8” 
Tallow, 5” Cherrylaurel , 11” Water Oak & 23” Water Oak growing just outside of right 
of way on private property.  Trees will be protected with sidewalk on grade or root 
pruning for sidewalk, tree protection fencing, and clearance pruning for construction 
access. 
 
Trees no. 63 & 65 
(2) 5” Crepe Myrtles growing in street right of way are not protected by street tree 
ordinance.  Trees will need to be removed for construction of proposed sidewalk.  No 
replacement planting required. 
 
Trees no. 66, 67 & 68 
10” Pine, 11” Pine & 6” Live Oak growing on private property.  Trees will be protected 
with sidewalk on grade or root pruning for sidewalk, tree protection fencing, and 
clearance pruning for construction access. 
 
Trees no. 69 & 71 
12” Live Oak & 13” Live Oak growing in street right of way and protected by Street Tree 
Ordinance.  Trees will need to be removed for proposed street and sidewalk construction.  
Removal requires 25” in replacement planting to comply with Ordinance.  Estimated 
removal and replacement costs are $9,875.00. 
 
Tree no. 70 
15” Live Oak growing just outside of right of way on private property.  Construction of 
proposed storm lead will need to be completed with manual labor in order to minimize 
impacts on root system of tree.  Tree can then be protected with sidewalk on grade or root 
prune for walk, tree protection fence, root prune for street and clearance pruning. 
 
Tree no. 73, 74, 76, 77 & 78 
23” Sycamore, 33” Southern Red Oak, 25” Post Oak, 18” Pine & 16” Southern Red Oak 
growing just outside of right of way on private property.  Trees will be protected with 
sidewalk on grade or root pruning for sidewalk, tree protection fencing, and clearance 
pruning for construction access. 
 
Trees no. 75, 79-92, 94 & 95 
Spirea hedge & (16) 7” Crepe Myrtle growing in street right of way are not protected by 
Street Tree Ordinance.  No protection required, or replacement required should they need 
to be removed for walk to comply with Ordinance.  Clearance pruning for sidewalk 
would be necessary if trees are preserved. 
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Tree no. 93 
15” Pine growing just outside right of way on private property is dead.  Tree will most 
likely be removed before final design starts. 
 

 
Figure 7: Dead 15" Pine on private property. 
 
Trees no. 96, 97, 99, 100, 103 & 104 
(5)4’ Sago Palms & 7” Redbud growing in street right of way are not protected by street 
tree ordinance.  Trees will need to be removed for construction of proposed sidewalk.  No 
replacement planting required. 
 
Trees no. 98, 101, 102, 105, 106-112 
19” Southern Red Oak, 32” Water Oak, 21” Pine, 18” Pine, 8” Yaupon, 15” Ligustrum, 
35” Water Oak & (4) 10” Crepe Myrtle growing just outside of right of way on private 
property.  Trees will be protected with sidewalk on grade or root pruning for sidewalk, 
tree protection fencing, and clearance pruning for construction access. 
 
Tree no. 113 
5” Ligustrum growing in street right of way is not protected by street tree ordinance.  
Tree will need to be removed for construction of proposed sidewalk.  No replacement 
planting required. 
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Trees no. 114-118, 120, 121, 124, 127-136 
5” Ligustrum, 14” Pine, 13” Pine, 20” Pine, 16” Crepe Myrtle, (2)7” Water Oak, 25” 
Pine, 10” Tallow, 16” Pine, 26” Pine, 25” Pine, 17” Magnolia, 20” Pine, 26” Pine, 16” 
Pine, 10” Water Oak & 9” Water Oak growing just outside of right of way on private 
property.  Trees will be protected with sidewalk on grade or root pruning for sidewalk, 
tree protection fencing, and clearance pruning for construction access. 
 
Tree no. 119 
13” Mulberry growing in street right of way is not protected by street tree ordinance.  
Tree will need to be removed for construction of proposed sidewalk.  Trunk of tree leans 
into proposed street location and would need to be removed for traffic clearance 
regardless of conflict with sidewalk construction.  No replacement planting required. 
 

 
Figure 8: 13" Mulberry leaning into proposed street location. 
 
Trees no. 122, 123, 125 & 126 
(2)6” Crepe Myrtle, 3” Raintree, 5” Redbud growing in street right of way are not 
protected by street tree ordinance.  Trees will need to be removed for construction of 
proposed sidewalk.  No replacement planting required. 
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Trees no. 137-139 
16” Pine, 12” Pine & 5” Pine are growing in street right of way and protected by Street 
Tree Ordinance.  It appears from preliminary drawings that trees can be preserved with 
root pruning for street, Sidewalk on grade and tree protection fencing.  Final treatment 
will be determined by horizontal and vertical location of walk in design phase drawings. 
 
Trees no. 140, 142-148 
3’ Palm, (3)20’ Palms & (4)12’ Palms growing in street right of way are not protected by 
Street Tree Ordinance.  No protection required, or replacement required should they need 
to be removed for walk to comply with Ordinance.   
 
Tree no. 141 
23” Pine growing in street right of way is protected by Street Tree Ordinance.  Tree has 
been significantly pruned.  Approximately 1/3 to ½ of the tree’s canopy has been 
removed.  It appears from preliminary drawings that tree can be preserved with root 
pruning for street, Sidewalk on grade and tree protection fencing.  Final treatment will be 
determined by horizontal and vertical location of walk in design phase drawings. 
 
Tree no. 141A 
16” Magnolia growing just outside of right of way on private property.  Tree is thin and 
in poor condition with approximately 30% canopy dieback.  Tree will be protected with 
sidewalk on grade or root pruning for sidewalk, tree protection fencing, and clearance 
pruning for construction access. 
 
Tree no. 149 
25” American Elm growing in street right of way and protected by Street Tree Ordinance.  
Tree has been topped by overhead utility clearing and is in poor condition.  Tree will 
need to be removed for proposed street and sidewalk construction.  No replacement 
planting required due to damaged condition of tree.  
 



CC..NN..  KKooeehhll  
Page 13 of 21  Urban Forestry, Inc.    
  

 
Figure 9: 25" American Elm topped for overhead utility clearance. 
 
Tree no. 150 
16” Tallow growing in street right of way is not protected by street tree ordinance.  Tree 
will need to be removed for construction of proposed sidewalk.  No replacement planting 
required. 
 
Tree no. 151 
7” Live Oak growing in street right of way and protected by Street Tree Ordinance.  It 
appears from preliminary drawings that tree can be preserved with root pruning for street, 
Sidewalk on grade and tree protection fencing.  Final treatment will be determined by 
horizontal and vertical location of walk in design phase drawings. 
 
Trees no. 152-156 
9” Live Oak, 6” Live Oak, 8” Live Oak, 10” Live Oak, 9” Live Oak growing in street 
right of way and protected by Street Tree Ordinance.  Trees will need to be removed for 
proposed street and sidewalk construction.  Removal requires 42” in replacement planting 
to comply with Ordinance.  Estimated removal and replacement costs are $14,750.00. 
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Figure 10: Trees 152-156 to be removed for sidewalk construction. 
 
Tree no. 157 & 159 
Ligustrum hedge growing in street right of way is not protected by street tree ordinance.  
Hedge will need to be removed for construction of proposed sidewalk.  No replacement 
planting required. 
 
Trees no. 158, & 162-164 
12” Pecan, 19” Pine, 13” Pine & 32” Water Oak growing in street right of way and 
protected by Street Tree Ordinance.  Trees will need to be removed for proposed street 
and sidewalk construction.  Removal requires 44” in replacement planting to comply with 
Ordinance.  Estimated removal and replacement costs are $27,950.00. 
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Figure 11: Tree no. 158 - 12" Pecan & 162 – 19” Pine to be removed for sidewalk. 
 

 
Figure 12: Tree no. 164 - 32" Water Oak to be removed for sidewalk. 
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Trees no. 165 & 166 
(2) 4” Japanese Blueberry growing in street right of way are not protected by Street Tree 
Ordinance.  No protection required, or replacement required should they need to be 
removed for walk to comply with Ordinance. 
 
Tree no. 167  
16” Magnolia growing on private property with 40% canopy dieback and in overall poor 
condition.  Tree has significant exposed surface roots in outside ditch bank.  Most roots 
appear to be desiccating and decayed from years of ditch cleaning work.  Proposed Storm 
will need to be installed with manual labor to minimize impacts on tree roots.  It appears 
tree can be preserved with root pruning for street, sidewalk on grade, tree protection 
fencing and clearance pruning.  Final treatment will be determined by horizontal and 
vertical location of walk in design phase drawings. 
 

 
Figure 13: Roots exposed at top of bank tree no. 167. 
 
Tree no. 168 
20” Pine growing in street right of way is protected by Street Tree Ordinance.  Proposed 
Storm will need to be installed with manual labor to minimize impacts on tree roots.  It 
appears tree can be preserved with root pruning for street, sidewalk on grade, tree 
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protection fencing and clearance pruning.  Final treatment will be determined by 
horizontal and vertical location of walk in design phase drawings. 
 
Tree no. 169 
3” Sugarberry growing in street right of way is not protected by Street Tree Ordinance.  
No protection required, or replacement required should tree need to be removed for walk 
to comply with Ordinance. 
 
Tree no. 170 
26” American Elm growing in street right of way is protected by Street Tree Ordinance.  
Tree has 50% canopy dieback and is in overall poor condition.  It appears tree can be 
preserved with root pruning for street, sidewalk on grade, tree protection fencing and 
clearance pruning.  Final treatment will be determined by horizontal and vertical location 
of walk in design phase drawings. 
 
Trees no. 171-175 
(5) 7” Crepe Myrtle growing on private property.  Trees will not be impacted by 
construction in street right of way.  
 
Trees no. 176-178, 180-182, 184, 186, 188, 189, 194, 195, & 199 
Ligustrum hedges, 5” Crepe Myrtle, (4)6” Crepe Myrtle, (3) 7” Crepe Myrtle, (3) 8” 
Crepe Myrtle growing in street right of way are not protected by street tree ordinance.  
Trees will need to be removed for construction of proposed sidewalk.  No replacement 
planting required. 
 
Trees no. 179, 183, 185, 187, 190-192, 196-198, 200 & 201 
23” Water Oak, 15” Pine, 42” Cottonwood, 19” Pine, 25” Pine, 17” Pine, 15” Pine, 14” 
Willow Oak, 14” Pine, 23” Pine, 23” Pine, 18” Pine, 26” Pine growing just outside of 
right of way on private property.  Trees will be protected with sidewalk on grade or root 
pruning for sidewalk, tree protection fencing, and clearance pruning for construction 
access. 
 
Tree no. 193 
11” Pine growing in street right of way is protected by Street Tree Ordinance.  Tree will 
need to be removed for proposed street and sidewalk construction.  Removal requires 11” 
in replacement planting to comply with Ordinance.  Estimated removal and replacement 
costs are $3,625.00. 
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Figure 14: 11" Pine to be removed for walk and street construction. 
 
Trees no. 202-204, 227-230, & 233-235 
14” to 23” Water Oak trees growing just outside right of way on private property.  Trees 
have been topped for overhead utility clearance and are planted in planters that have 
significantly restricted root growth.  Trees are in fair to poor condition.  It appears trees 
can be preserved with root pruning for street, sidewalk on grade, tree protection fencing 
and clearance pruning.  Final treatment will be determined by horizontal and vertical 
location of walk in design phase drawings. 
 
Tree no. 205 
12” Live Oak growing on private property.  Will not be impacted by construction in street 
right of way. 
 
Trees no. 206 & 207 
14” Live Oak & 13” Live Oak growing in street right of way are protected by Street Tree 
Ordinance.  Trees will need to be removed for proposed street and sidewalk construction.  
Removal requires 27” in replacement planting to comply with Ordinance.  Estimated 
removal and replacement costs are $10,275.00. 
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Trees no. 208-216, 218-223, & 225 
9” to 23” Pine trees growing in street right of way are protected by Street Tree 
Ordinance.  It appears trees can be preserved with root pruning for street, sidewalk on 
grade, tree protection fencing and clearance pruning.  Final treatment will be determined 
by horizontal and vertical location of walk in design phase drawings. 
 
Trees 217 & 224 
9” Sugarberry & 12” Sugarberry growing in street right of way are not protected by street 
tree ordinance.  Trees will need to be removed for construction of proposed sidewalk.  No 
replacement planting required. 
 
Tree no. 226 & 243 
14” Sugarberry & 15” Sugarberry growing just outside right of way on private property.  
Trees have been topped for overhead utility clearance. Trees are in fair to poor condition.  
It appears trees can be preserved with root pruning for street, sidewalk on grade, tree 
protection fencing and clearance pruning.  Final treatment will be determined by 
horizontal and vertical location of walk in design phase drawings. 
 
Trees no. 244 & 254 
15” Pine & 15” Green Ash growing in street right of way are protected by Street Tree 
Ordinance.  It appears trees can be preserved with root pruning for street, sidewalk on 
grade, tree protection fencing and clearance pruning.  Final treatment will be determined 
by horizontal and vertical location of walk in design phase drawings. 
 
Trees 246 
16” Shumard Oak growing in street right of way is protected by Street Tree Ordinance.  
Tree will need to be removed for proposed street and sidewalk construction.  Removal 
requires 16” in replacement planting to comply with Ordinance.  Estimated removal and 
replacement costs are $6,450.00. 
 
Trees 247-249, 252 & 253 
13” Sycamore, 10” Sycamore, 9” Sycamore, 12” Sycamore & 15” Sugarberry growing in 
street right of way are not protected by street tree ordinance.  Trees will need to be 
removed for construction of proposed sidewalk.  No replacement planting required. 
 
Tree no. 250 
10” Sugarberry growing in street right of way is not protected by Street Tree Ordinance.  
No protection required, or replacement required should tree need to be removed for walk 
to comply with Ordinance. 
 
Tree no. 254 
15” Green Ash growing in street right of way is protected by Street Tree Ordinance.  It 
appears tree can be preserved with root pruning for street, sidewalk on grade, tree 
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protection fencing and clearance pruning.  Final treatment will be determined by 
horizontal and vertical location of walk in design phase drawings. 
 
Trees no. 255, 256, 260, & 271-273 
13” Pine, 17” Pine, 11” Pine, 11” Pine, 12” Pine, 15” Post Oak growing in street right of 
way are protected by Street Tree Ordinance.  Trees will need to be removed for proposed 
street and sidewalk construction.  Removal requires 79” in replacement planting to 
comply with Ordinance.  Estimated removal and replacement costs are $29,625.00. 
 
Trees no. 257, 258, 259, 261, 267-269, & 294-297 
16” Green Ash, 15” Hickory, 7” Crepe Myrtle, 23” Pine, 11” Pine, 13” Pine, 10” Pine, 
(2)3” Crepe Myrtle, 12” Live Oak, 12” Live Oak growing just outside right of way on 
private property.  It appears trees can be preserved with root pruning for street, sidewalk 
on grade, tree protection fencing and clearance pruning.  Final treatment will be 
determined by horizontal and vertical location of walk in design phase drawings. 
 
Trees no. 262-266 & 270 
11” Pine, 12” Pine, 13” Pine, 19” Pine, 10” Pine, 4” Post Oak growing in street right of 
way are protected by Street Tree Ordinance.  It appears trees can be preserved with root 
pruning for street, sidewalk on grade, tree protection fencing and clearance pruning.  
Final treatment will be determined by horizontal and vertical location of walk in design 
phase drawings. 
 
Trees no. 274, 282, & 285 
18” Pine, 8” Sawtooth Oak, 8” Pine growing in street right of way are protected by Street 
Tree Ordinance.  Trees will need to be removed for proposed street and sidewalk 
construction.  Removal requires 34” in replacement planting to comply with Ordinance.  
Estimated removal and replacement costs are $13,000.00. 
 
Trees no. 275, 278, 284, 286 & 287 
10” Cherrylaurel, 7” Cherrylaurel, 23” Post Oak, 8” Pine growing just outside right of 
way on private property.  It appears trees can be preserved with root pruning for street, 
sidewalk on grade, tree protection fencing and clearance pruning.  Final treatment will be 
determined by horizontal and vertical location of walk in design phase drawings. 
 
Trees 276, 277, 279-281 & 283 
(2) 5” Cherrylaurel, (3) 5” Sugarberry, 5” Cherrylaurel growing in street right of way are 
not protected by street tree ordinance.  Trees will need to be removed for construction of 
proposed sidewalk.  No replacement planting required. 
 
Trees 288-293 
9” Post Oak, 8” Water Oak, 7” Post Oak, 15” Post Oak, 13” Water Oak & 12” Water Oak 
growing on private property.  Trees will not be impacted by proposed construction in 
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street right of way.  Clearance pruning will be necessary to provide construction access 
and provide tree protection from construction equipment.  
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EXECUTIVE SUMMARY 

 

The report submitted herein presents the results of Aviles Engineering Corporation’s (AEC) geotechnical 

investigation for the Memorial City Redevelopment Authority’s (MCRA) proposed Memorial Drive 

Drainage and Mobility Improvements, from W. Sam Houston Parkway S. to Tallowwood Drive, in 

Houston, Texas (Houston/Harris County Key Map Nos.: 489G, H, M, and 490J).  A vicinity map is 

presented on Plate A-1, in Appendix A.  Based on drawings (dated August 27, 2015) provided by 

Lockwood, Andrews, and Newnam, Inc. (LAN), the project alignment is 4,750 linear feet long.  The 

proposed improvements include: (i) installation of approximately of 8 to 16 inch diameter waterline; (ii) 

installation of 24 to 48 inch diameter reinforced concrete pipe and 10 foot by 10 foot reinforced concrete 

box storm sewers; and (ii) reconstruction of Memorial Drive with concrete pavement.  The waterlines and 

storm sewers will be installed by open cut method.  The invert depth of the storm sewer along the alignment 

typically varies from approximately 17.4 to 23.8 feet. 

 

1. Subsurface Soil Conditions: Based on the borings, subsurface soil conditions along the project 

alignment generally consist of approximately 6 to 21 feet of stiff to hard lean/fat clay (CL/CH) at 

the ground surface, underlain by medium dense to dense silty sand (SP-SM/SM) to the boring 

termination depths.  Approximately 6 feet of clayey sand (SC) was encountered at a depth of 8 feet 

in Boring B-6, and approximately 0.5 to 4 feet of sandy lean clay (CL) fill was encountered at the 

ground surface in Borings B-1, and B-5 through B-8. 

 

2. Subsurface Soil Properties: The subsurface clayey soils (CL/CH/SC) encountered in the borings 

have medium to very high plasticity, with liquid limits (LL) ranging from 26 to 58, and plasticity 

indices (PI) ranging from 12 to 43.  The cohesive soils encountered are classified as “CL” and 

“CH” type soils and granular soils were classified as “SC”, “SM”, and “SP-SM” type soils in 

accordance with ASTM D 2487. 

 

3. Groundwater Conditions: Groundwater was encountered in Boring B-9 at a depth of 23 feet below 

grade during drilling.  Groundwater was not encountered in Borings B-1 through B-8 during 

drilling.  Groundwater was also observed at a depth of 18.6 to 18.9 feet in the piezometer installed 

at Boring B-9.  A detailed description of ground water readings is presented on Table 4 in Section 

4.1 of this report. 

 

4. Hazardous Materials: No signs of visual staining or odors were encountered during field drilling or 

during processing of the soil samples in the laboratory. 

 

5. Geologic Hazards: A desktop study of available literature indicates that the Piney Point West fault 

crosses the project alignment in the vicinity of the intersection of Broken Bough Road.  Limited 

field observations in the project area will be performed by AEC’s Senior Geologist to look for 

evidence of faulting.  A summary of the field observations will be included in AEC’s final 

geotechnical report. 

 

6. Design parameters and recommendations for installation of underground utilities by open cut 

method are presented in Section 5.2 of this report.  Based on the borings and the invert depths 

indicated on the plan and profile drawings provided by LAN, the majority of the storm sewer trench 

excavations will encounter granular soils during construction. 
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EXECUTIVE SUMMARY (cont.) 
 

7. Design parameters and recommendations for construction of concrete pavement are presented in 

Section 5.3 of this report.  If the roadway is classified as a ‘major collector’, AEC recommends that 

a 10 inch thick concrete pavement with 8 inch thick lime stabilized subgrade be used for the 

roadway.  If the roadway is classified as a’ thoroughfare’, AEC recommends that a 11 inch thick 

concrete pavement with 8 inch thick lime stabilized subgrade be used for the roadway. 

 

This Executive Summary is intended as a summary of the investigation and should not be used without the 

full text of this report. 
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GEOTECHNICAL INVESTIGATION 

MEMORIAL CITY REDEVELOPMENT AUTHORITY 

MEMORIAL DRIVE DRAINAGE AND MOBILITY IMPROVEMENTS 

FROM W. SAM HOUSTON PARKWAY S. TO TALLOWWOOD DR 

TIRZ 17 CIP No. T-1731B 

WBS NO. N-T17000-031B-4 

HOUSTON, TEXAS 

 

1.0 INTRODUCTION 

 

1.1 General 

 

The report submitted herein presents the results of Aviles Engineering Corporation’s (AEC) geotechnical 

investigation for the Memorial City Redevelopment Authority’s (MCRA) proposed Memorial Drive 

Drainage and Mobility Improvements, from W. Sam Houston Parkway S. to Tallowwood Drive, in 

Houston, Texas (Houston/Harris County Key Map Nos.: 489G, H, M, and 490J).  A vicinity map is 

presented on Plate A-1, in Appendix A.  Based on drawings (dated August 27, 2015) provided by 

Lockwood, Andrews, and Newnam, Inc. (LAN), the project alignment is 4,750 linear feet long.  The 

proposed improvements include: (i) installation of approximately of 8 to 16 inch diameter waterline; (ii) 

installation of 24 to 48 inch diameter reinforced concrete pipe and 10 foot by 10 foot reinforced concrete 

box storm sewers; and (ii) reconstruction of Memorial Drive with concrete pavement.  The waterlines and 

storm sewers will be installed by open cut method.  The invert depth of the storm sewer along the alignment 

typically varies from approximately 17.4 to 23.8 feet. 

 

1.2 Purpose and Scope 

 

The purpose of this geotechnical investigation is to evaluate the subsurface soil conditions along the 

alignment and develop geotechnical engineering recommendations for design and construction of 

underground utilities by open cut method and concrete pavement for roadway reconstruction.  The scope of 

this geotechnical investigation is summarized below: 

 

1. Drilling and sampling nine geotechnical borings ranging from 25 to 35 feet below existing grade; 

2. Soil laboratory testing on selected soil samples;  
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3. Engineering analyses and recommendations for the installation of underground utilities by open cut 

method, including loadings on pipes, bedding, lateral earth pressure parameters, trench stability, and 

backfill requirements; 

4. Engineering analyses and recommendations for roadway reconstruction, including concrete 

pavement thickness design and subgrade preparation 

5. Construction recommendations for installation of underground utilities by open cut method as well 

as roadway reconstruction. 

 

2.0 SUBSURFACE EXPLORATION 

 

2.1 Soil Borings 

 

Boring layout and depths were performed in general accordance with the City of Houston (COH) 

Infrastructure Design Manual (IDM).  The subsurface exploration consisted of drilling and sampling a total 

of nine borings ranging from 25 to 35 feet below existing grade.  The boring locations are shown on the 

Boring Location Plan on Plate A-2, in Appendix A.  Total drilling footage is 260 feet.  After completion of 

drilling, the boring locations were surveyed by Kuo & Associates, Inc.  Boring survey data is presented on 

the boring logs.  The boring designations and depths and corresponding underground utility invert depths 

are presented in Table 1 below. 

 

AEC determined the boring depths prior to drilling based on a preliminary storm sewer profile provided by 

LAN on July 21, 2015.  However, based on plan and profile drawings (dated August 27, 2015), the 

proposed storm sewer invert depths have increased.  As a result, Borings B-1, B-4, B-5, B-7, and B-8 do 

not meet the minimum boring depth requirements of the latest edition of the COH IDM.  If possible, 

AEC recommends that the depth of these borings be increased to cover the increase in invert depths.  

If the boring depths are not increased, AEC will not be liable for any changed soil or groundwater 

conditions that may be encountered in the vicinity of these boring locations during construction. 

 

Table 1.  Boring Number, Station, and Depth 

Boring/

PZ No. 

Boring/PZ 

Depth (ft) 
Station

 Boring Surface 

Elevation (ft) 

Invert Elevation at 

Boring (ft) 

Invert Depth at Boring 

(ft) 

B-1 30 5+96.87 76.67 52.85 (10’x10’ RCB) 23.82 (10’x10’ RCB) 

B-2 30 10+74.41 73.01 52.38 (10’x10’ RCB) 20.63 (10’x10’ RCB) 

B-3/ 

PZ-1 
30/20 15+52.23 71.50 

51.89 (10’x10’ RCB/ 

48” RCP) 

19.61 (10’x10’ RCB/ 

48” RCP) 

B-4 25 20+04.90 70.43 51.44 (10’x10’ RCB) 18.99 (10’x10’ RCB) 
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Boring/

PZ No. 

Boring/PZ 

Depth (ft) 
Station

 Boring Surface 

Elevation (ft) 

Invert Elevation at 

Boring (ft) 

Invert Depth at Boring 

(ft) 

B-5 25 25+04.35 68.55 50.95 (10’x10’ RCB) 17.60 (10’x10’ RCB) 

B-6 35 30+07.15 69.69 50.04 (24” RCP Siphon) 19.65 (24” RCP Siphon) 

B-7 25 35+53.12 68.72 49.51 (10’x10’ RCB) 19.21 (10’x10’ RCB) 

B-8 25 40+07.75 66.92 49.05 (10’x10’ RCB) 17.87 (10’x10’ RCB) 

B-9/ 

PZ-2 
35/25 44+43.76 67.19 49.83 (10’x10’ RCB) 17.36 (10’x10’ RCB) 

 

The field drilling was performed with a truck-mounted drilling rig.  Borings B-1 through B-8 were 

advanced using dry auger method, and Boring B-9 was initially advanced using dry auger method, and then 

using wet rotary method once water-bearing granular soils were encountered.  Undisturbed samples of 

cohesive soils were obtained from the borings by pushing 3-inch diameter thin-wall, seamless steel Shelby 

tube samplers in general accordance with ASTM D 1587.  Granular soils were sampled with a 2-inch split-

barrel sampler in accordance with ASTM D 1586.  Standard Penetration Test resistance (N) values were 

recorded for the granular soils as “Blows per Foot” and are shown on the boring logs.  Strength of the 

cohesive soils was estimated in the field using a hand penetrometer.  The undisturbed samples of cohesive 

soils were extruded mechanically from the core barrels in the field and wrapped in aluminum foil; all 

samples were sealed in plastic bags to reduce moisture loss and disturbance.  The samples were then placed 

in core boxes and transported to the AEC laboratory for testing and further study.  Borings B-3 and B-9 

were converted to piezometers upon completion of drilling.  The remaining borings were grouted with 

cement-bentonite.  The pavement surface was patched with non-shrink grout. 

 

3.0 LABORATORY TESTING PROGRAM 

 

Soil laboratory testing was performed by AEC personnel.  Samples from the borings were examined and 

classified in the laboratory by a technician under the supervision of a geotechnical engineer.  Laboratory 

tests were performed on selected soil samples in order to evaluate the engineering properties of the 

foundation soils in accordance with applicable ASTM Standards.  Atterberg limits, moisture contents, 

percent passing a No. 200 sieve, mechanical sieve analysis, and dry unit weight tests were performed on 

typical samples to establish the index properties and confirm field classification of the subsurface soils.  

Strength properties of cohesive soils were determined by means of unconfined compression (UC) and 

undrained-unconsolidated (UU) triaxial tests performed on undisturbed samples.  The test results are 

presented on the boring logs.  Details of the soils encountered in the borings are presented on Plates A-3 
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through A-11, in Appendix A.  A key to the boring logs, classification of soils for engineering purposes, 

terms used on boring logs, and reference ASTM Standards for laboratory testing are presented on Plates A-

12 through A-15, in Appendix A.  Sieve analysis results are presented on Plate A-16, in Appendix A.  A 

summary of the laboratory test results is presented on Plates A-17 through A-20, in Appendix A. 

 

4.0 SITE CONDITIONS 

 

Based on our site visit, Memorial Drive is currently a four lane (2 lanes in each direction) asphalt roadway.  

In general, the existing asphalt pavement surface along the project alignment appears to be in average to 

very poor condition.  At the time of our site visit in July 2015, AEC observed rutting in the outer lanes 

(mostly in the outer wheel path), abundant longitudinal cracking, some transverse cracking, numerous 

asphalt patches, a large pothole (near the Chase Bank located at 12802 Memorial Drive), and some surface 

spalling (near 12827 Memorial Drive). 

 

A summary of pavement types encountered in our borings is presented on Table 2. 

 

Table 2.  Existing Pavement Encountered at Pavement Borings 

Boring 

No. 
Pavement Section 

B-1 3” asphalt, 12” stabilized sand and crushed shell 

B-2 1.5” asphalt, 4.5” asphalt stabilized shell, 12” crushed shell and gravel 

B-3 2” asphalt, 13” stabilized sand and crushed shell 

B-4 1” asphalt, 11” stabilized sand and crushed shell 

B-5 3” asphalt, 11” stabilized sand and crushed shell 

B-6 2.5” asphalt, 4.5” asphalt stabilized shell, 8” stabilized sand and crushed shell 

B-7 
12” asphalt and asphalt stabilized base (base thickness not determined), 8” 

stabilized sand and crushed shell 

B-8 
13” asphalt and asphalt stabilized base (base thickness not determined),  

stabilized sand and crushed shell 

B-9 3” asphalt, 4” asphalt stabilized shell, 8” crushed shell and gravel 

 

  



 
 

 5 

4.1 Subsurface Conditions 

 

Details of the soils encountered during drilling are presented in the boring logs.  Soil strata encountered in 

our borings are summarized below.  A generalized subsurface profile along the project alignment is 

presented on Plates B-1a and B-1b, in Appendix B. 

 

Boring Depth (ft) Description of Stratum 

B-1 0 - 1.3 Pavement and base: see Table 2 

 1.3 - 4 Fill: very stiff, Sandy Lean Clay (CL) 

 4 - 8 Stiff to very stiff, Lean Clay w/Sand (CL), with abundant silt partings 

 8 - 18 Very stiff to hard, Sandy Lean Clay (CL), with abundant silt partings 

 18 - 30 Medium dense, Silty Sand (SM) 

 

B-2 0 - 1.5 Pavement and base: see Table 2 

 1.5 - 2 Fill: Sandy Lean Clay (CL), with silt seams and shell 

 2 - 6 Very stiff, Fat Clay w/Sand (CH) 

 6 - 10 Very stiff, Sandy Fat Clay (CH) 

 10 - 20 Very stiff to hard, Sandy Lean Clay (CL), with abundant silt partings 

 

B-3 0 - 1.3 Pavement and base: see Table 2 

 1.3 - 10 Very stiff, Fat Clay w/Sand (CH), with abundant silt partings 

 10 - 14 Very stiff, Sandy Lean Clay (CL), with abundant silt partings 

 14 - 18 Hard, Fat Clay w/Sand (CH), with abundant silt partings 

 18 - 30 Medium dense, Poorly Graded Sand w/Silt (SP-SM) 

 

B-4 0 - 1 Pavement and base: see Table 2 

 1 - 8 Very stiff, Fat Clay w/Sand (CH), with abundant silt partings 

 8 - 16 Very stiff to hard, Sandy Lean Clay (CL), with abundant silt partings and 

siltstone fragments 

 16 - 25 Dense, Silty Sand (SM) 

 

B-5 0 - 1.2 Pavement and base: see Table 2 

 1.2 - 2 Fill: stiff, Lean Clay w/Sand (CL), with silt partings and shell 

 2 - 12 Stiff to hard, Lean Clay w/Sand (CL), with abundant silt partings 

 12 - 18 Stiff to very stiff, Sandy Lean Clay (CL), with abundant silt partings 

 18 - 25 Medium dense, Poorly Graded Sand w/Silt (SP-SM) 

 

B-6 0 - 1.3  Pavement and base: see Table 2 

 1.3 - 4 Fill: firm to stiff, Sandy Lean Clay (CL), with shell 

 4 - 8 Very stiff, Sandy Lean Clay (CL), with abundant silt partings 

 8 - 14 Clayey Sand (SC), with abundant silt partings 

 14 - 21 Stiff to very stiff, Sandy Fat Clay (CH) 

 21 - 35 Medium dense to dense, Silty Sand (SM) 
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Boring Depth (ft) Description of Stratum 

B-7 0 - 1.7 Pavement and base: see Table 2 

 1.7 - 2 Fill: Sandy Lean Clay (CL), with sand seams and siltstone fragments 

 2 - 8 Stiff to hard, Lean Clay w/Sand (CL), with abundant silt partings and 

siltstone fragments 

 8 - 14 Very stiff to hard, Sandy Fat Clay (CH), with abundant silt partings 

 14 - 20 Very stiff to hard, Sandy Lean Clay (CL), with abundant silt partings 

 20 - 25 Medium dense, Silty Sand (SM) 

 

B-8 0 - 1.5 Pavement and base: see Table 2 

 1.5 - 2 Fill: Clayey Sand (SC), with shell 

 2 - 10 Stiff to hard, Lean Clay w/Sand (CL), with silt partings and siltstone 

fragments 

 10 - 18 Stiff to very stiff, Sandy Lean Clay (CL), with abundant silt partings 

 18 - 20 Medium dense, Clayey Sand (SC) 

 20 - 25 Medium dense, Silty Sand (SM) 

 

B-9 0 - 1.3 Pavement and base: see Table 2 

 1.3 - 4 Very stiff, Lean Clay w/Sand (CL), with abundant silt partings 

 4 - 8 Very stiff to hard, Fat Clay w/Sand (CH), with abundant silt partings and 

siltstone fragments 

 8 - 18 Stiff to very stiff, Lean Clay w/Sand (CL), with abundant silt partings 

 18 - 35 Medium dense to dense, Silty Sand (SM) 

 

A summary of granular soils encountered in the borings is presented in Table 3. 

 

Table 3.  Granular Soils Encountered in Borings 

Boring 
Depth to 

Granular Soil 
Soil Type 

B-1 18’ to 30’ Medium dense, Silty Sand (SM) 

B-2 20’ to 30’ Dense, Poorly Graded Sand w/Silt (SP-SM) 

B-3 18’ to 30’ Medium dense, Poorly Graded Sand w/Silt (SP-SM) 

B-4 16’ to 25’ Dense, Silty Sand (SM) 

B-5 18’ to 25’ Medium dense, Poorly Graded Sand w/Silt (SP-SM) 

B-6 
8’ to 14’ 

21’ to 35’ 

Clayey Sand (SC) 

Medium dense to dense, Silty Sand (SM) 

B-7 20’ to 25’ Medium dense, Silty Sand (SM) 

B-8 
1.5’ to 2’ 

18’ to 25’ 

Fill: Clayey Sand (SC) 

Medium dense, Clayey/Silty Sand (SC/SM) 

B-9 18’ to 35’ Medium dense to dense, Silty Sand (SM) 
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Subsurface Soil Properties: The subsurface clayey soils (CL/CH/SC) encountered in the borings have 

medium to very high plasticity, with liquid limits (LL) ranging from 26 to 58, and plasticity indices (PI) 

ranging from 12 to 43.  The cohesive soils encountered are classified as “CL” and “CH” type soils and 

granular soils were classified as “SC”, “SM”, and “SP-SM” type soils in accordance with ASTM D 2487.  

High plasticity clays can undergo significant volume changes due to seasonal changes in moisture contents.   

“CH” soils undergo significant volume changes due to seasonal changes in soil moisture contents.  “CL” 

type soils with lower LL (less than 40) and PI (less than 20) generally do not undergo significant volume 

changes with changes in moisture content.  However, “CL” soils with LL approaching 50 and PI greater 

than 20 essentially behave as “CH” soils and could undergo significant volume changes. 

 

Groundwater Conditions: Groundwater was encountered in Boring B-9 at a depth of 23 feet below grade 

during drilling.  Groundwater was not encountered in Borings B-1 through B-8 during drilling.  After 

completion of drilling, Borings B-3 and B-9 were converted to piezometers.  Piezometer installation details 

are presented on Plates B-2 and B-3, in Appendix B.  Detailed groundwater levels are summarized in Table 

4. 

 

Table 4.  Groundwater Depths below Existing Ground Surface 

Boring/PZ 

No. 

Date 

Drilled 

Boring/PZ 

Depth (ft) 

Groundwater Depth 

(ft) 

Boring Cave-in 

Depth (ft) 

Groundwater Depth 

in Piezometer (ft) 

B-1 8/4/15 30 Dry (Drilling) - - 

B-2 8/8/15 30 Dry (Drilling) - - 

B-3/ 

PZ-1 
8/3/15 30/20 Dry (Drilling) - 

Dry (8/6/15) 

Dry (9/2/15) 

B-4 8/3/15 25 Dry (Drilling) -  

B-5 8/3/15 25 Dry (Drilling) -  

B-6 8/4/15 35 Dry (Drilling) -  

B-7 8/5/15 25 Dry (Drilling) -  

B-8 8/5/15 25 Dry (Drilling) -  

B-9/ 

PZ-2 
8/4/15 35/25 23 (Drilling) 18.3 (Drilling) 

18.9 (8/6/15) 

18.6 (9/2/15) 

 

The information in this report summarizes conditions found on the dates the borings were drilled.  It should 

be noted that our groundwater observations are short-term; groundwater depths and subsurface soil 

moisture contents will vary with environmental variations such as frequency and magnitude of rainfall and 
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the time of year when construction is in progress. 

 

4.2 Hazardous Materials 

 

No signs of visual staining or odors were encountered during field drilling or during processing of the soil 

samples in the laboratory. 

 

4.3 Geologic Conditions 

 

AEC performed a preliminary fault investigation, which included a review of available literature, aerial 

photographs, public maps, and limited field observations.  According to the published maps “Principal 

Active Faults of the Houston Area (after O’Neill and Van Siclen, May 1984)”, and “Principal Faults in the 

Houston, Texas, Metropolitan Area (Shah and Lanning-Rush 2005)”, the Piney Point West fault crosses the 

project alignment in the vicinity of Memorial Drive and the intersection of Broken Bough Drive. 

 

AEC’s Senior Geologist will visit the site to perform limited field observations to attempt to identify 

evidences of faulting along the alignment.  These observations will be included in the final geotechnical 

report. 

 

Limitations: The preliminary fault investigation provided in this report is limited to a review of literature, 

aerial photographs and maps and our limited field observations, and distances are scaled from maps. Faults 

may exist in the project area or surrounding area due to the following reasons: not observed during the 

reconnaissance due to limitations of the scope of work and cost; the presence of obscuring vegetation and 

environmental features; modification of the land surface by human activities; and lack of documentation in 

the literature.  Faults may also be present below ground but do not currently have surface expressions.  

Identification of these faults is beyond the scope of work for this project. The observations made during the 

fault reconnaissance represent conditions at the time of the reconnaissance. 

 

4.4 Subsurface Variations 

 

It should be emphasized that: (i) at any given time, groundwater depths can vary from location to location, 

and (ii) at any given location, groundwater depths can change with time.  Groundwater depths will vary 



 
 

 9 

with seasonal rainfall and other climatic/environmental events.  Subsurface conditions may vary away from 

and in between the boring locations. 

 

Clay soils in the Houston area typically have secondary features such as slickensides and contain sand/silt 

seams/lenses/layers/pockets.  It should be noted that the information in the boring logs is based on 3-inch 

diameter soil samples.  Samples were obtained continuously at intervals of 2 feet from the ground surface to 

a depth of 20 feet in the borings, then at intervals of 5 feet thereafter to the boring termination depths.  A 

detailed description of the soil secondary features may not have been obtained due to the small sample size 

and sampling interval between the samples.  Therefore, while a boring log shows some soil secondary 

features, it should not be assumed that the features are absent where not indicated on the boring logs. 

 

5.0 GEOTECHNICAL ENGINEERING RECOMMENDATIONS 

 

Based on drawings (dated August 27, 2015) provided by LAN, the project alignment is 4,750 linear feet 

long.  The proposed improvements include: (i) installation of approximately of 8 to 16 inch diameter 

waterline; (ii) installation of 24 to 48 inch diameter reinforced concrete pipe and 10 foot by 10 foot 

reinforced concrete box storm sewers; and (ii) reconstruction of Memorial Drive with concrete pavement.  

The waterlines and storm sewers will be installed by open cut method.  The invert depth of the storm sewer 

along the alignment typically varies from approximately 17.4 to 23.8 feet. 

 

5.1 Geotechnical Parameters for Underground Utilities 

 

Recommended geotechnical parameters for the subsurface soils along the alignment to be used for design of 

underground utilities are presented on Plates C-1 and C-2, in Appendix C.  The design values are based on 

the results of field and laboratory test data on individual boring logs as well as our experience.  It should be 

noted that because of the variable nature of soil stratigraphy, soil types and properties along the alignment 

or at locations away from a particular boring may vary substantially. 

 

5.2 Installation of Underground Utilities by Open-Cut Method 

 

Waterlines and storm sewers installed by open cut method should be designed and installed in accordance 

with Sections 02511 and 02631 of the latest edition of the City of Houston Standard Construction 
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Specifications (COHSCS). 

 

5.2.1 Loadings on Pipes 

 

Underground utilities support the weight of the soil and water above the crown, as well as roadway traffic 

and any structures that exist above the utilities. 

 

Earth Loads: For underground utilities to be installed using open cut methods, the vertical soil load We can 

be calculated as the larger of the two values from Equations (1) and (3): 

 

We  =  Cd γ Bd
2
   ............ Equation (1) 

Cd = [1- e 
-2Kµ’(H/Bd)

]/(2Kµ’)  ............ Equation (2) 

We = γBcH  ............ Equation (3) 

where:  We  = trench fill load, in pounds per linear foot (lb/ft); 

 Cd  =  trench load coefficient, see Plate C-3, in Appendix C; 

γ =  effective unit weight of soil over the conduit, in pounds per cubic foot (pcf); 

Bd =  trench width at top of the conduit < 1.5 Bc (ft);  

Bc =  outside diameter of the conduit (ft);  

H   = variable height of fill (ft); 

when the height of fill above the top of the conduit Hc >2 Bd, H = Hh (height of fill 

above the middle of the conduit).  When Hc < 2 Bd, H varies over the height of the 

conduit; and 

 Kµ’ = 0.1650 maximum for sand and gravel, 

0.1500 maximum for saturated top soil, 

0.1300 maximum for ordinary clay, 

0.1100 maximum for saturated clay. 

 

When underground conduits are located below groundwater, the total vertical dead loads should include the 

weight of the projected volume of water above the conduits. 

 

Traffic Loads: The vertical stress on top of an underground conduit, pL (psf), resulting from traffic loads 

(from a HS-20 truck) can be obtained from Plate C-4, in Appendix C.  The live load on top of the 

underground conduit can be calculated from Equation (4): 

 

 WL = pL Bc  ............ Equation (4) 
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where:  WL  = live load on the top of the conduit (lb/ft); 

 pL = vertical stress (on the top of the conduit) resulting from traffic loads (psf); 

 Bc = outside diameter of the conduit, (ft);  

 

Lateral Loads: The lateral soil pressure pl can be calculated from Equation (5); hydrostatic pressure should 

be added, if applicable. 

 

 pl =  0.5 (γHh + ps)  ............ Equation (5) 

where: Hh = height of fill above the center of the conduit (ft);  

 γ = effective unit weight of soil over the conduit (pcf); 

 ps = vertical pressure on conduit resulting from traffic and/or construction equipment (psf). 

 

5.2.2 Trench Stability 

 

Cohesive soils in the Houston area contain many secondary features which affect trench stability, including 

sand seams and slickensides.  Slickensides are shiny weak failure planes which are commonly present in fat 

clays; such clays often fail along these weak planes when they are not laterally supported, such as in an 

open excavation.  The Contractor should not assume that slickensides and sand seams/layers/pockets are 

absent where not indicated on the logs. 

 

The Contractor should be responsible for designing, constructing and maintaining safe excavations.  The 

excavations should not cause any distress to existing structures. 

 

Trenches 20 feet and Deeper: The Occupational Safety and Health Administration (OSHA) requires that 

shoring or bracing for trenches 20 feet and deeper be specifically designed by a licensed professional 

engineer. 

 

Trenches Less than 20 Feet Deep: Trench excavations that are less than 20 feet deep may be shored, sheeted 

and braced, or laid back to a stable slope for the safety of workers, the general public, and adjacent 

structures, except for excavations which are less than 5 feet deep and verified by a competent person to 

have no cave-in potential.  The excavation and trenching should be in accordance with OSHA Safety and 

Health Regulations, 29 CFR, Part 1926.  Recommended OSHA soil types for trench design for existing 

soils can be found on Plates C-1 and C-2, in Appendix C.  Fill soils are considered OSHA Class ‘C’; 

submerged cohesive soils should also be considered OSHA Class ‘C’, unless they are dewatered first. 
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Critical Height is defined as the height a slope will stand unsupported for a short time; in cohesive soils, it 

is used to estimate the maximum depth of open-cuts at given side slopes.  Critical Height may be calculated 

based on the soil cohesion.  Values for various slopes and cohesion are shown on Plate D-1, in Appendix D. 

Cautions listed below should be exercised in use of Critical Height applications: 

 

1. No more than 50 percent of the Critical Height computed should be used for vertical slopes.  

Unsupported vertical slopes are not recommended where granular soils or soils that will slough 

when not laterally supported are encountered within the excavation depth. 

 

2. If the soil at the surface is dry to the point where tension cracks occur, any water in the crack will 

increase the lateral pressure considerably.  In addition, if tension cracks occur, no cohesion should 

be assumed for the soils within the depth of the crack.  The depth of the first waler should not 

exceed the depth of the potential tension crack.  Struts should be installed before lateral 

displacement occurs. 

 

3. Shoring should be provided for excavations where limited space precludes adequate side slopes, 

e.g., where granular soils will not stand on stable slopes and/or for deep open cuts. 

 

4. All excavation, trenching and shoring should be designed and constructed by qualified 

professionals in accordance with OSHA requirements. 

 

The maximum (steepest) allowable slopes for OSHA Soil Types for excavations less than 20 feet are 

presented on Plate D-2, in Appendix D. 

 

If limited space is available for the required open trench side slopes, the space required for the slope can be 

reduced by using a combination of bracing and open cut as illustrated on Plate D-3, in Appendix D.  

Guidelines for bracing and calculating bracing stress are presented below. 

 

Computation of Bracing Pressures: The following method can be used for calculating earth pressure against 

bracing for open cuts.  Lateral pressure resulting from construction equipment, traffic loads, or other 

surcharge should be taken into account by adding the equivalent uniformly distributed surcharge to the 

design lateral pressure.  Hydrostatic pressure, if any, should also be considered.  The active earth pressure at 

depth z can be determined by Equation (6).  The design soil parameters for trench bracing design are 

presented on Plates C-1 and C-2, in Appendix C. 

 

  ............ Equation (6) 
 

221 2)'( hKcKhhqp waasa γγγ +−++=
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where: pa = active earth pressure (psf); 

 qs = uniform surcharge pressure (psf); 

 γ,  γ’ = wet unit weight and buoyant unit weight of soil (pcf); 

 h1  = depth from ground surface to groundwater table (ft); 

 h2  = z-h1, depth from groundwater table to the point under consideration (ft); 

 z  = depth below ground surface for the point under consideration (ft); 

 Ka  = coefficient of active earth pressure; 

 c  = cohesion of clayey soils (psf); c can be omitted conservatively; 

 γw = unit weight of water, 62.4 pcf. 

 

Pressure distribution for the practical design of struts in open cuts for clays and sands are illustrated on 

Plates D-4 through D-6, in Appendix D. 

 

Bottom Stability: In open-cuts, it is necessary to consider the possibility of the bottom failing by heaving, 

due to the removal of the weight of excavated soil.  Heaving typically occurs in soft plastic clays when the 

excavation depth is sufficiently deep enough to cause the surrounding soil to displace vertically due to 

bearing capacity failure of the soil beneath the excavation bottom, with a corresponding upward movement 

of the soils in the bottom of the excavation.  In fat and lean clays, heave normally does not occur unless the 

ratio of Critical Height to Depth of Cut approaches one.  In very sandy and silty lean clays and granular 

soils, heave can occur if an artificially large head of water is created due to installation of impervious 

sheeting while bracing the cut.  This can be mitigated if groundwater is lowered below the excavation by 

dewatering the area.  Guidelines for evaluating bottom stability in clay soils are presented on Plate D-7, in 

Appendix D. 

 

Based on the invert depths presented on Table 1 in Section 2.1 of this report and the depth to granular soils 

presented on Table 3 in Section 4.1 of this report, AEC anticipates that open cut excavations for storm 

sewers will encounter granular soils within the trench or box/pipe bedding zone for the entire project 

alignment (Borings B-1 through B-9), and will encounter groundwater within the trench or box/pipe 

bedding zone in the vicinity of Boring B-9.  If the excavation extends below groundwater and the soils at or 

near the bottom of the excavation are mainly sands or silts, the bottom can fail by blow-out (boiling) when a 

sufficient hydraulic head exists.  The potential for boiling or in-flow of granular soils increases where the 

groundwater is pressurized.  To reduce the potential for boiling of excavations terminating in granular soils 

below pressurized groundwater, the groundwater table should be lowered at least 5 feet below the 

excavation in accordance with Section 01578 of the latest edition of the City of Houston Standard General 

Requirement (COHSGR). 
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Calcareous nodules, silt/sand seams, and fat clays with slickensides were encountered in some of the 

borings.  These secondary structures may become sources of localized instability when they are exposed 

during excavation, especially when they become saturated.  Such soils have a tendency to slough or cave in 

when not laterally confined, such as in trench excavations.  The Contractor should be aware of the potential 

for cave-in of the soils.  Low plasticity soils (silts and clayey silts) will lose strength and may behave like 

granular soils when saturated. 

 

5.2.3 Thrust Force Design Recommendations 

 

Thrust forces are generated in pressure pipes, typically as a result of changes in pipe diameter, pipe 

direction or at the termination point of the pipes.  The pipes could disengage at the joints if the forces are 

not balanced and if the pipe restraint is not adequate.  Various methods of thrust restraint are used including 

thrust blocks, restrained joints, encasement, and tie-rods. 

 

Thrust restraint design procedure based on the 2008 American Water Works Association (AWWA) 

Manuals “Pressurized Concrete Pipe (M9)” and “Steel Water Pipe (M11)” is discussed below.  Plate D-8, in 

Appendix D shows the force diagram generated by flow in a bend in a pipe and also gives the equation for 

computing the thrust force.  An example computation of a thrust force for a given surge pressure and a bend 

angle is presented on Plate D-9, in Appendix D. 

 

Frictional Resistance: The unbalanced force due to changes in grade and alignment can be resisted by 

frictional force FR, between the pipe and the surrounding soil.  The resisting frictional force per linear foot 

of pipe against soil can be calculated from Equation (7): 

   

FR = f (2We + Ww + Wp)  ............ Equation (7) 

 

where: f = Coefficient of friction between pipe and soil; 

 We = Weight of soil over pipe (lb/ft); 

 Ww = Weight of water inside the pipe (lb/ft); 

 Wp = Weight of pipe (lb/ft). 
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The value of the frictional resistance depends on the material in contact with the backfill and the soil used 

in the backfill.  For a ductile iron pipe or steel pipe with crushed stone or compacted sand backfill, an 

allowable coefficient of friction of 0.3 can be used.  To account for submerged conditions, a soil unit weight 

of 60 pcf should be used to compute the weight of compacted backfill on the pipe. 

 

Thrust Blocks: Thrust blocks utilize passive earth pressures to resist forces generated by changes in 

direction or diameter of pressurized pipes.  Passive earth pressure can be calculated using Equation (8); we 

recommend that a factor safety of 2.0 be used when using passive earth pressure for design of thrust blocks.  

The design soil parameters for thrust block design are presented on Plates C-1 and C-2, in Appendix C.  

Design parameters for bearing thrust blocks are presented on Plate D-10, in Appendix D. 

 

pp = γzKp + 2c(Kp)
½
  ............ Equation (8) 

 

where, pp = passive earth pressure (psf); 

 γ =  wet unit weight of soil (pcf);  

 z   =  depth below ground surface for the point under consideration (ft); 

 Kp  =  coefficient of passive earth pressure; 

 c  =  cohesion of clayey soils (psf). 

 

5.2.4 Bedding and Backfill 

 

Trench excavation, pipe embedment material, and backfill for the proposed waterlines and storm sewers 

should be in general accordance with Section 02317 of the latest edition of the COHSCS. 

 

5.3 Pavement Reconstruction 

 

Based on drawings provided by LAN, Memorial Drive is currently a 4 lane asphalt roadway (2 lanes in 

each direction), that will be reconstructed with concrete pavement.  The reconstructed roadway will 

typically vary from 4 to 5 lanes.  The right of way (ROW) of the project alignment is 100 feet.  Pavement 

profile drawings were not available at the time this report was prepared.  AEC assumes that the new 

pavement will be placed at or near existing grade. 

 

The pavement design recommendations developed below are in accordance with the “AASHTO Guide for 

Design of Pavement Structures,” 1993 edition.   
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5.3.1 Estimation of Traffic Loading 

 

COH Infrastructure Design Manual Requirements: The latest edition of Chapter 10 of the COH IDM 

requires that concrete pavement have a 28 day compressive strength of 4,000 psi and a minimum 

reinforcing steel yield strength of 60,000 psi.  The minimum design life span of the concrete pavement is 50 

years.  Minimum concrete and subgrade thickness is dependent on the classification of the roadway.  A 

‘collector’ requires a minimum concrete slab thickness of 9 inches and a minimum stabilized subgrade 

thickness of 6 inches for granular soil and a minimum thickness of 8 inches for cohesive soil.  A 

‘thoroughfare’ requires a minimum concrete slab thickness of 11 inches and a minimum stabilized subgrade 

thickness of 8 inches. 

 

Traffic Volume: Turning movement counts along the project alignment were provided to AEC by LAN.  

The turning movement count data is for AM and PM peak hours, and includes counts for 2015, projected 

2016 (assuming the improvements are constructed), and projected 2030 traffic levels.  AEC selected the 

most critical turning movement counts (averaged over each intersection along the alignment) and added the 

AM and PM peak counts together.  AEC assumed that the AM and PM peak hour counts are approximately 

20 percent of the daily vehicle count along the alignment.  Based on the turning movement counts provided, 

AEC estimated that the 24 hour traffic volume for 2015 was 18,655 vehicles per day (vpd), the 2016 traffic 

volume to be 20,565 vpd, and the 2030 traffic volume to be 23,240 vpd.  AEC should be notified if different 

traffic count information should be used for design, so that our recommendations can be updated as 

necessary. 

 

Estimate Anticipated Traffic Loads:  Pavement design is based on the anticipated design number of 18-kip 

Equivalent Single Axle Loads (ESAL) the pavement is subjected to during its design life.  The equation to 

calculate the number of 18-kip ESAL repetitions to use for pavement design is presented in Equation (9).  

Assumptions made by AEC to estimate 18-kip ESAL repetitions are presented on Table 5. 

 

18-kip ESAL = (ADT)(T)(Tf)(D)(L)(G)(Y)(365)  ............ Equation (9) 

 

where: ESAL = 18-kip Equivalent Single-Axle Load repetitions; 

 ADT = Average Daily Traffic, vehicles per day; 

 T = Percent of heavy trucks; 

 Tf = Truck factor; 

 D = Directional factor; 

 L = Lane factor; 
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 G = Growth factor;  

 Y = Design life, in years. 

 

Table 5. Parameters for Estimation of Traffic Loads for Memorial Drive 

Parameters 
Between Sam Houston Parkway 

and Tallowwood 

Average Daily Traffic (ADT) 18,655 vpd (2015) 

Percent Heavy Trucks (T) 2% (assumed) 

Truck factor (Tf) 1.5 (assumed) 

Directional factor (D) 0.5 (2 lanes in each direction) 

Lane factor (L) 1.0 (2 lanes in each direction) 

Total Growth Rate Factor (G) 
1.41 (1.4% annual growth rate from 

2015 to 2030) 

Design life (Y) 50 years (required by COH IDM) 

Estimated 18-kip ESAL 

Loading over Design Life 
7,200,597 

 

AEC notes that calculated number of 18-kip ESAL repetitions is highly sensitive to parameters such 

as design life, percent heavy trucks, truck factor, and traffic volume growth rate in pavement design. 

Differences between assumed and actual traffic parameters can have significant effects on overall 

pavement thickness design and ultimate roadway performance.  AEC should be notified if different 

traffic loads or design parameters are required for pavement design at the site so that our analysis can be 

updated accordingly. 

 

5.3.2 Rigid Pavement 

 

Rigid pavement design is based on the anticipated design number of 18-kip ESALs the pavement is 

subjected to during its design life.  The parameters that were used in computing the rigid pavement section 

are as follows: 

 

Overall Standard Deviation (S0) 0.35 

Initial Serviceability (P0) 4.5 

Terminal Serviceability (Pt) 2.0 

Reliability Level (R) 95% 

Overall Drainage Coefficient (Cd) 1.2 (curb and gutter) 

Load Transfer Coefficient (J) 3.2 

Loss of Support Category (LS) 1.2 

Roadbed Soil Resilient Modulus (MR) 3,000 psi 
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Elastic Modulus (Esb) of Stabilized Soils 30,000 psi 

Composite Effective Modulus of Subgrade Reaction (k) 74 pci 

Concrete Compressive Strength (f’c) 4,000 psi (at 28 days) 

Mean Concrete Modulus of Rupture (S
’
c) 600 psi (at 28 days) 

Concrete Elastic Modulus (Ec) 3.6 x 10
6
 psi 

 

Table 6.  Recommended Rigid Pavement Section for Memorial Drive 

Pavement Layer ‘Major Collector’ ‘Thoroughfare’ 

Portland Cement Concrete 10 11 

Lime stabilized Subgrade 8 8 

Note: Lime stabilized subgrade recommendations are presented in Section 5.3.4 of this report. 

 

Based on the estimated traffic volume and a 100 foot wide ROW, it appears that Memorial Drive can be 

classified as either a ‘major collector’ or a ‘thoroughfare’, based on the COH Major Thoroughfare and 

Freeway Plan (MTFP).  AEC notes that the latest edition of the IDM requires a minimum concrete 

thickness of 9 inches for a ‘collector’ and a minimum concrete thickness of 11 inches for a ‘thoroughfare’. 

 

AEC used the DARWin v3.0 computer program to perform rigid pavement design.  Outputs from the 

DARWin program are presented on Plates E-1 through E-3, in Appendix E.  Based on the DARWin 

program, a 9.7 inch thick concrete pavement will be required to sustain the estimated design 18-kip ESAL 

loading of 7,200,59 (see Plate E-1, in Appendix E).  The design engineer should verify whether the 

proposed pavement section will provide enough 18-kip ESALs for the anticipated amount of site traffic. 

AEC should be notified if different standards or constants are required for pavement design at the site, so 

that our recommendations can be updated accordingly. 

 

Major Collector: If Memorial Drive is classified as a ‘major collector’, the pavement along Memorial Drive 

between Sam Houston Parkway and Tallowwood Drive should be 10 inch thick concrete and 8 inch thick 

lime stabilized subgrade.  Given the above design parameters, a 10 inch thick concrete pavement section 

should sustain 8,832,161 repetitions of 18-kip ESALs (see Plate E-2, in Appendix E), which meets or 

exceeds the design 18-kip ESAL loading presented in Table 5 above. 

 

Thoroughfare: If Memorial Drive is classified as a ‘thoroughfare’, the pavement along Memorial Drive 

between Sam Houston Parkway and Tallowwood Drive should be 11 inch thick concrete and 8 inch thick 

lime stabilized subgrade.  Given the above design parameters, a 11 inch thick concrete pavement section 
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should sustain 16,537,788 repetitions of 18-kip ESALs (see Plate E-3, in Appendix E), which meets or 

exceeds the design 18-kip ESAL loading presented in Table 5 above. 

 

Concrete Pavement: Portland Cement Concrete (PCC) pavement should be constructed in accordance with 

Section 02751 of the latest edition of the COHSCS.  AEC notes that there is a discrepancy between the 

requirements of the latest edition of the COHSCS and the latest edition of the COH IDM.  Chapter 10 of the 

latest edition of the COH IDM requires a minimum 28-day concrete compressive strength of 4,000 psi to be 

used for concrete pavement design.  However, according to Section 02751, concrete mix design has a 

required flexural strength of 600 psi at 28 days and field testing shall confirm a minimum concrete 

compressive strength of 3,500 psi at 28 days.  In regards to this discrepancy, AEC recommends that the 

concrete mix design be performed to achieve a concrete compressive strength of 4,000 psi at 28 days, and 

also meets a minimum concrete flexural strength of 500 psi at 7 days and 600 psi at 28 days. 

 

5.3.3 Reinforcing Steel 

 

Reinforcing steel should be in accordance with Section 02751 of the latest edition of the COHSCS.  

Reinforcing steel is required to control pavement cracks, deflections across pavement joints and resist 

warping stresses in rigid pavements.  The cross-sectional area of steel (As) required per foot of slab width 

can be calculated as follows (for both longitudinal and transverse steel). 

 

As = FLW/(2fs)   ............ Equation (10) 

 

where: As  = Required cross-sectional area of reinforcing steel per foot width of pavement, in
2 

 F = Coefficient of resistance between slab and subgrade, F = 1.8 for stabilized soil 

 L = Distance between free transverse joints or between free longitudinal edges, ft. 

 W = Weight of pavement slab per foot of width, lbs/ft 

 fs = Allowable working stress in steel, 0.75 x (yield strength), psi 

i.e. fs = 45,000 psi for Grade 60 steel. 

 

5.3.4 Pavement Subgrade Preparation 

 

Roadway grading and fill should be performed in general accordance with Section 02315 of the latest 

edition of the COHSCS.  Existing pavement should be demolished in accordance with Section 02221 of the 

latest edition of the COHSCS.  Where possible, subgrade preparation should extend a minimum of 2 feet 

beyond the paved area perimeters.  After demolition of existing pavement, we recommend that a competent 
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soil technician inspect the exposed subgrade to determine if there are any unsuitable soils or other 

deleterious materials.  Excavate and dispose of unsuitable soils and other deleterious materials which will 

not consolidate; the excavation depth should be increased when inspection indicates the presence of 

organics and deleterious materials to greater depths.  Unsuitable soil is defined in Section 02319 of the 

latest edition of the COHSCS.  The exposed soils should be proof-rolled (see below) to identify and remove 

any weak, compressible, or other unsuitable materials; such over-excavations should be backfilled in 

general accordance with Section 02315 of the latest edition of the COHSCS.  Proof rolling should be 

performed with a pneumatic tire roller (or using equivalent compaction equipment), with a loaded weight 

between 25 and 50 tons.  At least two coverages should be made with the proof-roller, and offset each trip 

of the roller by at most 1 tire width.  Rollers should make passes at a speed between 2 and 6 miles per hour. 

 

Scarify areas to be filled to a depth of 4 inches to bond existing and new materials, and then mix with the 

first fill layer in accordance with Section 02315 of the latest edition of the COHSCS.  Cut and pulverize 

material to bottom of subgrade, then stabilize the subgrade with at least 6 percent hydrated lime by dry soil 

weight.  Lime stabilization shall be performed in accordance with Section 02336 of the latest edition of the 

COHSCS.  The stabilized soils should be compacted to 95 percent of their ASTM D 698 (Standard Proctor) 

dry density at a moisture content ranging from optimum to 3 percent above optimum. 

 

6.0 CONSTRUCTION CONSIDERATIONS 

 

6.1 Site Preparation 

 

To mitigate site problems that may develop following prolonged periods of rainfall, it is essential to have 

adequate drainage to maintain a relatively dry and firm surface prior to starting any work at the site.  

Adequate drainage should be maintained throughout the construction period.  Methods for controlling 

surface runoff and ponding include proper site grading, berm construction around exposed areas, and 

installation of sump pits with pumps. 

 

6.2 Groundwater Control 

 

The need for groundwater control will depend on the depth of excavation relative to the groundwater depth 

at the time of construction.  In the event that there is heavy rain prior to or during construction, the 
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groundwater table may be higher than indicated in this report; higher seepage is also likely and may require 

a more extensive groundwater control program.   In addition, groundwater may be pressurized in certain 

areas of the alignment, requiring further evaluation and consideration of the excess hydrostatic pressures.  

Groundwater control should be in general accordance with Section 01578 of the latest edition of the 

COHSGR. 

 

The Contractor should be responsible for selecting, designing, constructing, maintaining, and monitoring a 

groundwater control system and adapt his operations to ensure the stability of the excavations.  

Groundwater information presented in Section 4.1 and elsewhere in this report, along with consideration for 

potential environmental and site variation between the time of our field exploration and construction, 

should be incorporated in evaluating groundwater depths.  The following recommendations are intended to 

guide the Contractor during design and construction of the dewatering system. 

 

In cohesive soils seepage rates are lower than in granular soils and groundwater is usually collected in 

sumps and channeled by gravity flow to storm sewers.  If cohesive soils contain significant secondary 

features, seepage rates will be higher.  This may require larger sumps and drainage channels, or if 

significant granular layers are interbedded within the cohesive soils, methods used for granular soils may be 

required.  Where it is present, pressurized groundwater will also yield higher seepage rates. 

 

Groundwater for excavations within saturated sands can be controlled by the installation of wellpoints.  The 

practical maximum dewatering depth for well points is about 15 feet.  When groundwater control is 

required below 15 feet, possible ground water control measures include: (i) deep wells with turbine or 

submersible pumps; (ii) multi-staged well points; or (iii) water-tight sheet pile cut-off walls.  Generally, the 

groundwater depth should be lowered at least 5 feet below the excavation bottom (in accordance with 

Section 01578 of the latest edition of the COHSGR) to be able to work on a firm surface when water-

bearing granular soils are encountered. 

 

Extended and/or excessive dewatering can result in settlement of existing structures in the vicinity; the 

Contractor should take the necessary precautions to minimize the effect on existing structures in the vicinity 

of the dewatering operation.  We recommend that the Contractor verify the groundwater depths and seepage 

rates prior to and during construction and retain the services of a dewatering expert (if necessary) to assist 

him in identifying, implementing, and monitoring the most suitable and cost-effective method of controlling 
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groundwater. 

 

For open cut construction in cohesive soils, the possibility of bottom heave must be considered due to the 

removal of the weight of excavated soil.  In lean and fat clays, heave normally does not occur unless the 

ratio of Critical Height to Depth of Cut approaches one.  In silty clays, heave does not typically occur 

unless an artificially large head of water is created through the use of impervious sheeting in bracing the 

cut.  Guidelines for evaluating bottom stability are presented in Section 5.2.2 of this report. 

 

6.3 Construction Monitoring 

 

Pavement construction and subgrade preparation, as well as excavation, bedding, and backfilling of 

underground utilities should be monitored by qualified geotechnical professionals to check for compliance 

with project documents and changed conditions, if encountered.  AEC should be allowed to review the 

design and construction plans and specifications prior to release to check that the geotechnical 

recommendations and design criteria presented herein are properly interpreted. 

 

6.4 Monitoring of Existing Structures 

 

Existing structures in the vicinity of the proposed alignment should be closely monitored prior to, during, 

and for a period after excavation.  Several factors (including soil type and stratification, construction 

methods, weather conditions, other construction in the vicinity, construction personnel experience and 

supervision) may impact ground movement in the vicinity of the alignment.  We therefore recommend that 

the Contractor be required to survey and adequately document the condition of existing structures in the 

vicinity of the proposed alignments. 

 

7.0 LIMITATIONS 

 

The information contained in this report summarizes conditions found on the dates the borings were drilled.  

The attached boring logs are true representations of the soils encountered at the specific boring locations on 

the dates of drilling.  Reasonable variations from the subsurface information presented in this report should 

be anticipated.  If conditions encountered during construction are significantly different from those 

presented in this report; AEC should be notified immediately. 
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This investigation was performed using the standard level of care and diligence normally practiced by 

recognized geotechnical engineering firms in this area, presently performing similar services under similar 

circumstances.  This report is intended to be used in its entirety.  The report has been prepared exclusively 

for the project and location described in this report.  If pertinent project details change or otherwise differ 

from those described herein, AEC should be notified immediately and retained to evaluate the effect of the 

changes on the recommendations presented in this report, and revise the recommendations if necessary.  

The recommendations presented in this report should not be used for other structures located along these 

alignments or similar structures located elsewhere, without additional evaluation and/or investigation.  

 

 



 
 

 

 

 

 

 

 

 

APPENDIX A 
 

Plate A-1 Vicinity Map 

Plate A-2 Boring Location Plan 

Plates A-3 to A-11 Boring Logs 

Plate A-12 Key to Symbols 

Plate A-13 Classification of Soils for Engineering Purposes 

Plate A-14 Terms Used on Boring Logs 

Plate A-15 ASTM & TXDOT Designation for Soil Laboratory Tests 

Plate A-16 Sieve Analysis Results 

Plates A-17 to A-20 Summary of Lab Data 
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Pavement: 3" asphalt

Base: 12" stabilized sand and crushed shell

Fill: very stiff, dark gray Sandy Lean Clay
(CL)
-with siltstone fragments and calcareous
nodules 1'-2'
-gray and tan, with silt pockets 2'-4'

Stiff to very stiff, tan Lean Clay w/Sand
(CL), with abundant silt partings and ferrous
stains
-with calcareous nodules 4'-6'

Very stiff to hard, tan and light gray Sandy
Lean Clay (CL), with abundant silt partings
-with ferrous stains 8'-14'

-tan, light gray, and red 12'-14'

Medium dense, tan and light gray Silty Sand
(SM)

-moist at 23'

-with clay partings 28'-30'

Termination Depth = 30 feet
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PROJECT: Memorial Drive Drainage & Mobility Project BORING B-1

COH WBS No. N-T17000-031B-4 TYPE 4" Dry Auger DATE 8/4/15

BORING DRILLED TO 30 FEET WITHOUT DRILLING FLUID

WATER ENCOUNTERED AT n/a FEET WHILE DRILLING

WATER LEVEL AT n/a FEET AFTER COMPLETE

DRILLED BY Van & Sons DRAFTED BY WLW LOGGED BY BPJ

PLATE A-3
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Elevation: 73.67

Northing: 13846388.33

Easting: 3059696.298

Survey Coordinates (TSPC, Surface):
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Pavement: 1.5" asphalt

Base: 4.5" asphalt stabilized shell

Base: 12" crushed shell and gravel

Fill: gray Sandy Lean Clay (CL), with silt
seams and shell

Very stiff, tan and gray Fat Clay w/Sand
(CH), with ferrous stains
-with calcareous nodules 4'-6'

Very stiff, tan and light gray Sandy Fat Clay
(CH), with ferrous stains
-with abundant silt partings 6'-8'

Very stiff to hard, tan and light gray Sandy
Lean Clay (CL), with abundant silt partings
and ferrous stains

-tan, light gray, and red 16'-18'

Dense, light gray Poorly Graded Sand w/Silt
(SP-SM)

Termination Depth = 30 feet
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PROJECT: Memorial Drive Drainage & Mobility Project BORING B-2

COH WBS No. N-T17000-031B-4 TYPE 4" Dry Auger DATE 8/8/15

BORING DRILLED TO 30 FEET WITHOUT DRILLING FLUID

WATER ENCOUNTERED AT n/a FEET WHILE DRILLING

WATER LEVEL AT n/a FEET AFTER COMPLETE

DRILLED BY Van & Sons DRAFTED BY WLW LOGGED BY BPJ

PLATE A-4
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Elevation: 73.01

Northing: 13846253.283

Easting: 3060158.475

Survey Coordinates (TSPC, Surface):
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Pavement: 2" asphalt

Base: 13" stabilized sand and crushed shell

Very stiff, gray and tan Fat Clay w/Sand
(CH), with abundant silt partings and
ferrous stains

-with abundant siltstone fragments and
calcareous nodules 6'-10'

Very stiff, tan and light gray Sandy Lean
Clay (CL), with abundant silt partings
-with ferrous stains 10'-12'

Hard, tan and light gray Fat Clay w/Sand
(CH), with abundant silt partings and
ferrous stains

Medium dense, light gray Poorly Graded
Sand w/Silt (SP-SM)

-light gray and tan 28'-30'

Termination Depth = 30 feet
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PROJECT: Memorial Drive Drainage & Mobility Project BORING B-3

COH WBS No. N-T17000-031B-4 TYPE 4" Dry Auger DATE 8/3/15

BORING DRILLED TO 30 FEET WITHOUT DRILLING FLUID

WATER ENCOUNTERED AT n/a FEET WHILE DRILLING

WATER LEVEL AT n/a FEET AFTER COMPLETE

DRILLED BY Van & Sons DRAFTED BY WLW LOGGED BY BPJ

PLATE A-5
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Elevation: 71.50

Northing: 13845946.515

Easting: 3060532.378

Survey Coordinates (TSPC, Surface):
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Pavement: 1" asphalt

Base: 11" stabilized sand and crushed shell

Very stiff, light gray and tan Fat Clay w/
Sand (CH), with abundant silt partings and
siltstone fragments

-with calcareous nodules 4'-8'

Very stiff to hard, light gray and tan Sandy
Lean Clay (CL), with abundant silt partings
and calcareous nodules
-with siltstone fragments 10'-14'

Dense, tan Silty Sand (SM)
-with clay seams 16'-18'

-light gray and tan 18'-20'

Termination Depth = 25 feet
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PROJECT: Memorial Drive Drainage & Mobility Project BORING B-4

COH WBS No. N-T17000-031B-4 TYPE 4" Dry Auger DATE 8/3/15

BORING DRILLED TO 25 FEET WITHOUT DRILLING FLUID

WATER ENCOUNTERED AT n/a FEET WHILE DRILLING

WATER LEVEL AT n/a FEET AFTER COMPLETE

DRILLED BY Van & Sons DRAFTED BY WLW LOGGED BY BPJ

PLATE A-6
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PROJECT NO. G178-14

Elevation: 70.43

Northing: 13845531.661

Easting: 3060728.295

Survey Coordinates (TSPC, Surface):
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Pavement: 3" asphalt

Base: 11" stabilized sand and crushed shell

Fill: stiff, light gray and tan Lean Clay w/
Sand (CL), with silt partings and shell

Stiff to hard, tan and light gray Lean Clay w/
Sand (CL), with abundant silt partings and
ferrous stains
-with calcareous nodules 4'-6'

-with slickensides 10'-12'

Stiff to very stiff, tan and light gray Sandy
Lean Clay (CL), with abundant silt partings
-with ferrous stains 12'-14'

Medium dense, tan Poorly Graded Sand w/
Silt (SP-SM)

-tan and light gray 20'-25'

Termination Depth = 25 feet
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PROJECT: Memorial Drive Drainage & Mobility Project BORING B-5

COH WBS No. N-T17000-031B-4 TYPE 4" Dry Auger DATE 8/3/15

BORING DRILLED TO 25 FEET WITHOUT DRILLING FLUID

WATER ENCOUNTERED AT n/a FEET WHILE DRILLING

WATER LEVEL AT n/a FEET AFTER COMPLETE

DRILLED BY Van & Sons DRAFTED BY WLW LOGGED BY BPJ

PLATE A-7
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PROJECT NO. G178-14

Elevation: 68.55

Northing: 13845031.319

Easting: 3060776.976

Survey Coordinates (TSPC, Surface):



65

60

55

50

45

40

35

0

5

10

15

20

25

30

35

Pavement: 2.5" asphalt

Base: 4.5" asphalt stabilized shell

Base: 8" stabilized sand and crushed shell

Fill: firm to stiff, gray Sandy Lean Clay (CL),
with shell and ferrous stains

Very stiff, light gray and tan Sandy Lean
Clay (CL), with abundant silt partings and
ferrous stains

Light gray and tan Clayey Sand (SC), with
abundant silt partings and ferrous stains

Stiff to very stiff, light gray and tan Sandy
Fat Clay (CH), with ferrous stains

Medium dense to dense, tan Silty Sand
(SM)

Termination Depth = 35 feet
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PROJECT: Memorial Drive Drainage & Mobility Project BORING B-6

COH WBS No. N-T17000-031B-4 TYPE 4" Dry Auger DATE 8/4/15

BORING DRILLED TO 35 FEET WITHOUT DRILLING FLUID

WATER ENCOUNTERED AT n/a FEET WHILE DRILLING

WATER LEVEL AT n/a FEET AFTER COMPLETE

DRILLED BY Van & Sons DRAFTED BY WLW LOGGED BY BPJ

PLATE A-8
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PROJECT NO. G178-14

Elevation: 69.69

Northing: 13844525.380

Easting: 3060776.155

Survey Coordinates (TSPC, Surface):
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Pavement: 12" asphalt and asphalt
stabilized base (base thickness not
determined)

Base: 8" stabilized sand and crushed shell

Fill: gray Sandy Lean Clay (CL), with sand
seams and siltstone fragments

Stiff to hard, tan and light gray Lean Clay w/
Sand (CL), with abundant silt partings,
siltstone fragments, calcareous nodules,
and ferrous stains

Very stiff to hard, tan and light gray Sandy
Fat Clay (CH), with abundant silt partings
and ferrous stains

-with siltstone fragments 12'-14'

Very stiff to hard, tan and light gray Sandy
Lean Clay (CL), with abundant silt partings
-with fat clay pockets 14'-16'

-with siltstone fragments and calcareous
nodules 18'-20'

Medium dense, tan and light gray Silty Sand
(SM)

Termination Depth = 25 feet
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PROJECT: Memorial Drive Drainage & Mobility Project BORING B-7

COH WBS No. N-T17000-031B-4 TYPE 4" Dry Auger DATE 8/5/15

BORING DRILLED TO 25 FEET WITHOUT DRILLING FLUID

WATER ENCOUNTERED AT n/a FEET WHILE DRILLING

WATER LEVEL AT n/a FEET AFTER COMPLETE

DRILLED BY Van & Sons DRAFTED BY WLW LOGGED BY BPJ

PLATE A-9
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PROJECT NO. G178-14

Elevation: 68.72

Northing: 13844087.151

Easting: 3061101.011

Survey Coordinates (TSPC, Surface):
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Pavement: 13" asphalt and asphalt
stabilized base (base thickness not
determined)

Base: stabilized sand and crushed shell

Fill: dark gray Clayey Sand (SC), with shell
and calcareous nodules

Stiff to hard, tan and light gray Lean Clay w/
Sand (CL), with silt partings, siltstone
fragments, and calcareous nodules
-with ferrous stains 6'-10'

Stiff to very stiff, light gray and tan Sandy
Lean Clay (CL), with abundant silt partings
-with fat clay pockets and calcareous
nodules 10'-12'
-with siltstone fragments 12'-14' and ferrous
stains 12'-16'

Medium dense, light gray Clayey Sand
(SC), moist

Medium dense, light gray Silty Sand (SM),
moist

Termination Depth = 25 feet
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PROJECT: Memorial Drive Drainage & Mobility Project BORING B-8

COH WBS No. N-T17000-031B-4 TYPE 4" Dry Auger DATE 8/5/15

BORING DRILLED TO 25 FEET WITHOUT DRILLING FLUID

WATER ENCOUNTERED AT n/a FEET WHILE DRILLING

WATER LEVEL AT n/a FEET AFTER COMPLETE

DRILLED BY Van & Sons DRAFTED BY WLW LOGGED BY BPJ

PLATE A-10
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PROJECT NO. G178-14

Elevation: 66.92

Northing: 13843993.500

Easting: 3061549.650

Survey Coordinates (TSPC, Surface):
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Pavement: 3" asphalt

Base: 4" asphalt stabilized shell

Base: 8" stabilized sand and crushed shell

Very stiff, dark gray and tan Lean Clay w/
Sand (CL), with abundant silt partings and
ferrous stains
-tan and light gray, with siltstone fragments
and calcareous nodules 2'-4'

Very stiff to hard, tan and light gray Fat Clay
w/Sand (CH), with abundant silt partings,
siltstone fragments, calcareous nodules,
and ferrous stains

Stiff to very stiff, tan and light gray Lean
Clay w/Sand (CL), with abundant silt
partings and ferrous stains
-with siltstone fragments 8'-12'

-with silt pockets 16'-18'

Medium dense to dense, light gray Silty
Sand (SM)
-boring caved at 18.3' during drilling

-wet at 23'

-light gray and tan 28'-30'

Termination Depth = 35 feet
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PROJECT: Memorial Drive Drainage & Mobility Project BORING B-9

COH WBS No. N-T17000-031B-4 TYPE 4" Wet Rotary DATE 8/4/15

BORING DRILLED TO 25 FEET WITHOUT DRILLING FLUID

WATER ENCOUNTERED AT 23 FEET WHILE DRILLING

WATER LEVEL AT n/a FEET AFTER n/a

DRILLED BY Van & Sons DRAFTED BY WLW LOGGED BY BPJ
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Torvane

Pocket Penetrometer

Unconfined Compression

Confined Compression

PROJECT NO. G178-14

Elevation: 67.19

Northing: 13844016.062

Easting: 3061985.074

Survey Coordinates (TSPC, Surface):



Symbol Description

Strata symbols

Paving

Fill

Low plasticity

clay

Silty sand

High plasticity

clay

Poorly graded sand

with silt

Clayey sand

Misc. Symbols

Pocket Penetrometer

Confined Compression

Unconfined Compression

Water table depth

during drilling

Soil Samplers

Auger

Undisturbed thin wall

Shelby tube

Standard penetration test

KEY TO SYMBOLS

PLATE A-12
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GRAIN SIZE ANALYSIS - SIEVE

Project : Memorial Drive Drainage and Mobility Project Job No.: G178-14

Location of Project: Houston, Texas Date of Testing:

      Sand

          Gravel     Coarse          Fine         Silt            Clay

               to Medium

Curve Boring Depth (ft) Cu Cc

1 B-2 23-25 N/A N/A

2 B-5 18-20 N/A N/A

3 B-9 33-35 N/A N/A

AVILES ENGINEERING CORPORATION

Consulting Engineers - Geotechnical, Construction Materials Testing, Environmental 

Silty Sand (SM)

Poorly Graded Sand w/Silt (SP-SM)

Poorly Graded Sand w/Silt (SP-SM)

    Soil Description

3" 3/4" 3/8" #4 #40 #80 #200
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APPENDIX B 
 

 

Plates B-1a to B-1b Generalized Soil Profiles 

Plates B-2 to B-3 Piezometer Installation Details 

 

 



GENERALIZED SOIL PROFILE

MEMORIAL DRIVE DRAINAGE AND MOBILITY IMPROVEMENTS
FROM W. SAM HOUSTON PARKWAY S. TO TALLOWWOOD DR

TIRZ 17 CIP NO. T-1731B, WBS NO. N-T17000-031B-4, HOUSTON, TEXAS

PLATE NO. :

PLATE B-1a

AVILES ENGINEERING CORPORATION

SOURCE DRAWING PROVIDED BY:

DRAFTED BY :

BpJ

DATE :

08-31-15

AEC PROJECT NO. :

G178-14

VERTICAL SCALE :

1" = 5'

HORIZONTAL SCALE :

1" = 200'

GENERALIZED SUBSURFACE SOIL PROFILE

WEST ALONG MEMORIAL DRIVE SOUTH



GENERALIZED SOIL PROFILE

MEMORIAL DRIVE DRAINAGE AND MOBILITY IMPROVEMENTS
FROM W. SAM HOUSTON PARKWAY S. TO TALLOWWOOD DR

TIRZ 17 CIP NO. T-1731B, WBS NO. N-T17000-031B-4, HOUSTON, TEXAS

PLATE NO. :

PLATE B-1b

AVILES ENGINEERING CORPORATION

SOURCE DRAWING PROVIDED BY:

DRAFTED BY :

BpJ

DATE :

08-31-15

AEC PROJECT NO. :

G178-14

VERTICAL SCALE :

1" = 5'

HORIZONTAL SCALE :

1" = 200'

GENERALIZED SUBSURFACE SOIL PROFILE

NORTH ALONG MEMORIAL DRIVE EAST



20'

2" O.D. SCHEDULE 40 PVC CASING

0.010" SLOT SCREEN

THREADED PVC CAP

2" O.D. SCHEDULE 40 PVC CASING

4" DIA. BOREHOLE

BENTONITE CHIPS

FILTER SAND

GROUND SURFACE

15'

5'

METAL CAP

PIEZOMETER INSTALLATION DETAILS

AEC PROJECT NO. :

G178-14

SCALE:   

DATE:

08-31-15

DRAWN BY:

BpJ

SOURCE DWG. BY:

AVILES ENGINEERING CORP.

PLATE NO. :

PLATE  B-2

AVILES ENGINEERING CORPORATION

N.T.S.

BORING B-3 (PZ-1)

DEPTH FROM SURFACE:

GROUNDWATER

MEASURED:

DATE

N/A (DRY) 8/6/2015

MEMORIAL DRIVE DRAINAGE AND MOBILITY IMPROVEMENTS
FROM W. SAM HOUSTON PARKWAY S. TO TALLOWWOOD DR

TIRZ 17 CIP NO. T-1731B, WBS NO. N-T17000-031B-4, HOUSTON, TEXAS
N/A (DRY) 9/2/2015



25'

2" O.D. SCHEDULE 40 PVC CASING

0.010" SLOT SCREEN

THREADED PVC CAP

2" O.D. SCHEDULE 40 PVC CASING

4" DIA. BOREHOLE

BENTONITE CHIPS

FILTER SAND

GROUND SURFACE

20'

5'

METAL CAP

PIEZOMETER INSTALLATION DETAILS

AEC PROJECT NO. :

G178-14

SCALE:   

DATE:
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APPENDIX C 
 

 

Plates C-1 to C-2 Recommended Geotechnical Design Parameters 

Plate C-3 Load Coefficients for Pipe Loading 

Plate C-4 Live Loads on Pipe Crossing Under Roadway 



G178-14 MEMORIAL DRIVE DRAINAGE MOBILITY IMPROVEMENTS

SOIL PARAMETERS FOR UNDERGROUND UTILITIES

C 

(psf)

� 

(deg)
Ka K0 Kp

C' 

(psf)

�' 

(deg)
Ka K0 Kp

0-4 Fill: very stiff CL 120 58 C 600 1500 0 1.00 1.00 1.00 150 18 0.53 0.69 1.89

4-8 Stiff to very stiff CL 132 70 B 600 1800 0 1.00 1.00 1.00 175 18 0.53 0.69 1.89

8-18 Very stiff to hard CL 130 68 B 1000 3200 0 1.00 1.00 1.00 300 18 0.53 0.69 1.89

18-30 Medium dense SM 120 58
C

(18-20)
1000 0 30 0.33 0.50 3.00 0 30 0.33 0.50 3.00

0-2 Fill: CL 120 58 C 300 1000 0 1.00 1.00 1.00 100 18 0.53 0.69 1.89

2-10 Very stiff CH 138 76 B 1000 2500 0 1.00 1.00 1.00 250 16 0.57 0.72 1.76

10-20 Very stiff to hard CL 133 71 B 1000 3000 0 1.00 1.00 1.00 300 18 0.53 0.69 1.89

20-30 Dense SP-SM 125 63 n/a 1000 0 32 0.31 0.47 3.25 0 32 0.31 0.47 3.25

0-4 Very stiff CH 137 75 B 1000 2700 0 1.00 1.00 1.00 250 16 0.57 0.72 1.76

4-10 Very stiff to hard CH 131 69 B 1000 2200 0 1.00 1.00 1.00 200 16 0.57 0.72 1.76

10-18 Very stiff to hard CL/CH 135 73 B 1000 3200 0 1.00 1.00 1.00 300 16 0.57 0.72 1.76

18-30 Medium dense SP-SM 120 58
C

(18-20)
1000 0 30 0.33 0.50 3.00 0 30 0.33 0.50 3.00

0-4 Very stiff CH 120 58 B 600 2000 0 1.00 1.00 1.00 200 16 0.57 0.72 1.76

4-8 Very stiff CH 127 65 B 1000 2800 0 1.00 1.00 1.00 275 16 0.57 0.72 1.76

8-16 Very stiff to hard CL 131 69 B 1000 3200 0 1.00 1.00 1.00 300 18 0.53 0.69 1.89

16-25 Dense SM 125 63
C

(16-20)
1000 0 32 0.31 0.47 3.25 0 32 0.31 0.47 3.25

0-2 Fill: stiff CL 120 58 C 300 750 0 1.00 1.00 1.00 75 18 0.53 0.69 1.89

2-8 Stiff to hard CL 129 67 B 600 2000 0 1.00 1.00 1.00 200 18 0.53 0.69 1.89

8-12 Very stiff to hard CL 131 69 B 1000 3000 0 1.00 1.00 1.00 300 18 0.53 0.69 1.89

12-18 Stiff to very stiff CL 139 77 B 600 1600 0 1.00 1.00 1.00 150 18 0.53 0.69 1.89

18-25 Medium dense SP-SM 120 58
C

(18-20)
600 0 28 0.36 0.53 2.77 0 28 0.36 0.53 2.77

0-2 Fill: firm to stiff CL 125 63 C 300 800 0 1.00 1.00 1.00 75 18 0.53 0.69 1.89

2-8 Very stiff CL 133 71 B 600 2000 0 1.00 1.00 1.00 200 18 0.53 0.69 1.89

8-14 SC 133 71 C 600 0 30 0.33 0.50 3.00 0 30 0.33 0.50 3.00

14-21 Stiff to very stiff CH 121 59
B

(14-20)
600 1200 0 1.00 1.00 1.00 100 16 0.57 0.72 1.76

B-1

B-2

Short-Term

B-3

Long-Term

Boring
Depth 

(ft)
Soil Type

�  

(pcf)

�' 

(pcf)

OSHA 

Type 

E'n 

(psi)

B-4

B-5

B-6

� � � � � �� �



G178-14 MEMORIAL DRIVE DRAINAGE MOBILITY IMPROVEMENTS

SOIL PARAMETERS FOR UNDERGROUND UTILITIES

C 

(psf)

� 

(deg)
Ka K0 Kp

C' 

(psf)

�' 

(deg)
Ka K0 Kp

Short-Term Long-Term

Boring
Depth 

(ft)
Soil Type

�  

(pcf)

�' 

(pcf)

OSHA 

Type 

E'n 

(psi)

B-6 21-35 Medium dense SM 120 58 n/a 1000 0 30 0.33 0.50 3.00 0 30 0.33 0.50 3.00

0-2 Fill: CL 120 58 C 300 750 0 1.00 1.00 1.00 75 18 0.53 0.69 1.89

2-8 Stiff to very stiff CL 130 68 B 600 1400 0 1.00 1.00 1.00 125 18 0.53 0.69 1.89

8-14 Very stiff to hard CH 130 68 B 1000 2700 0 1.00 1.00 1.00 250 16 0.57 0.72 1.76

14-20 Very stiff to hard CL 145 83 B 1000 3200 0 1.00 1.00 1.00 300 18 0.53 0.69 1.89

20-25 Medium dense SM 120 58 n/a 1000 0 30 0.33 0.50 3.00 0 30 0.33 0.50 3.00

0-2 Fill: SC 120 58 C 300 0 28 0.36 0.53 2.77 0 28 0.36 0.53 2.77

2-6 Stiff to hard CL 126 64 B 600 1400 0 1.00 1.00 1.00 125 18 0.53 0.69 1.89

6-14 Very stiff CL 124 62 C 1000 2500 0 1.00 1.00 1.00 250 18 0.53 0.69 1.89

14-18 Stiff to very stiff CL 103 41 B 600 1800 0 1.00 1.00 1.00 175 18 0.53 0.69 1.89

18-25 Medium dense SC/SM 120 58
C

(18-20)
1000 0 30 0.33 0.50 3.00 0 30 0.33 0.50 3.00

0-4 Stiff to very stiff CL 120 58 B 600 1500 0 1.00 1.00 1.00 150 18 0.53 0.69 1.89

4-8 Very stiff to hard CH 131 69 B 1000 3000 0 1.00 1.00 1.00 300 16 0.57 0.72 1.76

8-14 Very stiff CL 136 74 B 1000 2800 0 1.00 1.00 1.00 250 18 0.53 0.69 1.89

14-18 Stiff to very stiff CL 131 69 B 600 1600 0 1.00 1.00 1.00 150 18 0.53 0.69 1.89

18-35 Medium dense to dense SM 120 58
C

(18-20)
1000 0 32 0.31 0.47 3.25 0 32 0.31 0.47 3.25

(1) �����= Unit weight for soil above water level, �����Buoyant unit weight for soil below water level. E'n = Soil modulus for native soils;

(2) C   = Soil ultimate cohesion for short term (upper limit of 3,600 psf for design purposes), � = Soil friction angle for short term;

(3) C'   = Soil ultimate cohesion for long term (upper limit of 300 psf for design purposes), �' = Soil friction angle for long term;

(4) Ka  = Coefficient of active earth pressure, K0 = Coefficient of at-rest earth pressure, Kp = Coefficient of passive earth pressure;

(5) CL = Lean Clay, CH = Fat Clay, SC= Clayey Sand, SM = Silty Sand, SP-SM = Poorly Graded Sand w/Silt;

(6) OSHA Soil Types for soils in the top 20 feet below grade:

A: cohesive soils with qu = 1.5 tsf or greater (qu = Unconfined Compressive Strength of the Soil)

B: cohesive soils with qu =  0.5 tsf or greater

C: cohesive soils with qu =  less than 0.5 tsf, fill materials, or granular soil

C*: submerged cohesive soils; dewatered cohesive soils can be considered OSHA Type C.

B-8

B-9

B-7

� � � � � �� �



� � � � � � � �Reference:  US Army Corps of Engineers Engineering Manual, EM 1110-2-2902, Oct. 31, 1997, Figure 2-5.
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APPENDIX D 
 

 

Plate D-1 Critical Heights of Cut Slopes in Nonfissured Clays 

Plate D-2 Maximum Allowable Slopes 

Plate D-3 A Combination of Bracing and Open Cuts 

Plate D-4 Lateral Pressure Diagrams for Open Cuts in Cohesive Soil-Long Term Conditions 

Plate D-5 Lateral Pressure Diagrams for Open Cuts in Cohesive Soil-Short Term Conditions 

Plate D-6 Lateral Pressure Diagrams for Open Cuts in Sand 

Plate D-7 Bottom Stability for Braced Excavation in Clay 

Plate D-8 Thrust Force Calculation 

Plate D-9 Thrust Force Example Calculation 

Plate D-10 Design Parameters for Bearing Thrust Block 

 



PLATE D-1



PLATE D-2



PLATE D-3



PLATE D-4



PLATE D-5



PLATE D-6



PLATE D-7



PLATE D-8



PLATE D-9



PLATE D-10



 
 

 

 

 

 

 

 

 

APPENDIX E 
 

 

Plates E-1 to E-3 DARWin v3.0 Computer Program Output 

 



Page 1

1993 AASHTO Pavement Design
 

DARWin Pavement Design and Analysis System
 

A Proprietary AASHTOWare

Computer Software Product
Aviles Engineering Corporation

 

Rigid Structural Design Module
 

Memorial Drive, based on turning movement counts

 

Rigid Structural Design

Pavement Type JRCP 

18-kip ESALs Over Initial Performance Period 7,200,597 

Initial Serviceability 4.5 

Terminal Serviceability 2.5 

28-day Mean PCC Modulus of Rupture 600 psi

28-day Mean Elastic Modulus of Slab 3,600,000 psi

Mean Effective k-value 74 psi/in

Reliability Level 95 %

Overall Standard Deviation 0.35 

Load Transfer Coefficient, J 3.2 

Overall Drainage Coefficient, Cd 1.2 

 

Calculated Design Thickness 9.69 in

 

Effective Modulus of Subgrade Reaction

 

 

Period

 

 

Description

Roadbed Soil

Resilient

Modulus (psi)

Base Elastic

Modulus

(psi)

1 1 3,000 30,000

 

Base Type stabilized subgrade 

Base Thickness 8 in

Depth to Bedrock 100 ft

Projected Slab Thickness 9 in

Loss of Support Category 1 

 

Effective Modulus of Subgrade Reaction 74 psi/in

 

� � � � � � � �
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1993 AASHTO Pavement Design
 

DARWin Pavement Design and Analysis System
 

A Proprietary AASHTOWare

Computer Software Product
Aviles Engineering Corporation

 

Rigid Structural Design Module
 

Memorial Drive, rounded up to 10" pavement, based on turning movement counts

 

Rigid Structural Design

Pavement Type JRCP 

Slab Thickness for Performance Period Traffic 10 in

Initial Serviceability 4.5 

Terminal Serviceability 2.5 

28-day Mean PCC Modulus of Rupture 600 psi

28-day Mean Elastic Modulus of Slab 3,600,000 psi

Mean Effective k-value 74 psi/in

Reliability Level 95 %

Overall Standard Deviation 0.35 

Load Transfer Coefficient, J 3.2 

Overall Drainage Coefficient, Cd 1.2 

 

18-kip ESALs Over Initial Performance Period 8,832,161 

 

Effective Modulus of Subgrade Reaction

 

 

Period

 

 

Description

Roadbed Soil

Resilient

Modulus (psi)

Base Elastic

Modulus

(psi)

1 1 3,000 30,000

 

Base Type stabilized subgrade 

Base Thickness 8 in

Depth to Bedrock 100 ft

Projected Slab Thickness 10 in

Loss of Support Category 1 

 

Effective Modulus of Subgrade Reaction 74 psi/in

 

� � � � � � � �
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1993 AASHTO Pavement Design
 

DARWin Pavement Design and Analysis System
 

A Proprietary AASHTOWare

Computer Software Product
Aviles Engineering Corporation

 

Rigid Structural Design Module
 

Memorial Drive, 11" minimum thoroughfare thickness required by IDM

 

Rigid Structural Design

Pavement Type JRCP 

Slab Thickness for Performance Period Traffic 11 in

Initial Serviceability 4.5 

Terminal Serviceability 2.5 

28-day Mean PCC Modulus of Rupture 600 psi

28-day Mean Elastic Modulus of Slab 3,600,000 psi

Mean Effective k-value 74 psi/in

Reliability Level 95 %

Overall Standard Deviation 0.35 

Load Transfer Coefficient, J 3.2 

Overall Drainage Coefficient, Cd 1.2 

 

18-kip ESALs Over Initial Performance Period 16,537,788 

 

Effective Modulus of Subgrade Reaction

 

 

Period

 

 

Description

Roadbed Soil

Resilient

Modulus (psi)

Base Elastic

Modulus

(psi)

1 1 3,000 30,000

 

Base Type stabilized subgrade 

Base Thickness 8 in

Depth to Bedrock 100 ft

Projected Slab Thickness 11 in

Loss of Support Category 1 

 

Effective Modulus of Subgrade Reaction 74 psi/in

 

� � � � � � � �





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































No. Abbreviated Questions Response

1 Could you please tell me when are we (Memorial area residents) going to get Detention Ponds?  
Spring Branch has so many and we have none.

TIRZ is currently actively pursuing underground and surface detention opportunities south of IH-
10.

2 Where will 10x10 culverts be placed.  Will the culverts under Memorial Drive from W153 be 
expanded?

10-FT x 10-FT box culverts will be placed directly under the Memorial Drive pavement within the 
project limits. We are  evaluating the W153 Memorial crossing to determine if improvements are 
justified and can be completed without causing adverse impacts downstream. The final 
preliminary engineering report will be posted on the TIRZ 17 website once approved by the 
City.

3 What happens to the bridge on Memorial?
We are  evaluating the W153 Memorial crossing to determine if improvements are justified and 
can be completed without causing adverse impacts downstream. The final preliminary 
engineering report will be posted on the TIRZ 17 website once approved by the City.

4
Does TIRZ have in its possession any engineering study that demonstrates that Buffalo Bayou 
is capable of carrying more water than has been flowing into it so far during big rains? What if 
extra water causes flooding for folks downstream? 

1. TIRZ 17 doesn't have such a report. 
2. TIRZ 17 has no plans for additional runoff to W153 or Buffalo Bayou. The objective of this 
project was to maximize the box culverts under the roadway and construct restrictors to reduce 
flow to the W153 channel. HCFCD regulations require any drainage project discharging into 
receiving streams and bayous have no adverse impact on the system. This project will adhere 
to the regulatory standards.

5
What impact will your project have on the drainage situation for W153?  - W153 is restricted at 
Memorial Drive.  How will your work avoid making this situation worse than it already is??  - 
Where will the water captured under memorial drive go?  Into W153?

TIRZ 17 has no plans for additional runoff to W153. The objective of this project was to 
maximize the box culverts under the roadway and construct restrictors to reduce flow to the 
W153 channel. HCFCD regulations require any drainage project discharging into receiving 
streams and bayous have no adverse impact on the system. This project will adhere to the 
regulatory standards. The water will be detained in the large 10-Ft x 10-FT boxes under the 
Memorial Drive pavement.

6 Median - How will side street traffic be able to turn left onto Memorial with medians blocking the 
road.  Drainage - Why cant they put in 5 10x10 boxes across Memorial rather than 2.

1. The median opening locations will be strategically placed throughout the corridor based on 
City of Houston Infrastructure Design Manual, traffic operations analysis, crash locations, 
geometrics and engineering judgment. The majority of the cross streets will have median 
openings. Traffic generated from the smaller driveways will have to drive to the adjacent median 
opening and make a U-turn.
2. Adding additional rows of boxes will lead to conflicts with private (AT&T and Center Point) 
and public (water and wastewater) utilities located throughout the corridor. The number of 
boxes is also impacted by traffic control phasing and construction methods.

7
Since you'll be digging up Memorial Drive at Tallowood, will the project put in a larger transit 
under Memorial for W-153?  This is the lowest total cost option for the City as it deals with W-
153

We are  evaluating the W153 Memorial crossing to determine if improvements are justified and 
can be completed without causing adverse impacts downstream. The final preliminary 
engineering report will be posted on the TIRZ 17 website once approved by the City.

8 100 to 150' on side streets be modified to improve operations on Memorial.  For instance right or 
left turn bays -West Bough  -Intersections by Robert's China/ Convenience Store -Tallowood The limits of the TIRZ improvements does not include any of the side streets.

9
Can you explain how the additional drainage will not affect W153 drainage under Memorial?  
You will have more water trying to get down W153 which by the limitation of no additional flow 
downstream of Memorial Dr means less water flow available to W153 from North of Memorial

TIRZ 17 has no plans for additional runoff to W153. We will either meet or reduce flow into 
W153. The objective of this project was to maximize the box culverts under the roadway and 
construct restrictors to reduce flow to the W153 channel. The proposed boxes will function by 
storing runoff currently reaching W153 and releasing it well after W153 recedes.  HCFCD 
regulations require any drainage project discharging into receiving streams and bayous have no 
adverse impact on the system. This project will adhere to the regulatory standards.

10

1. I've heard nothing tonight about "safe crossings" for children and other pedestrians crossing 
Memorial Dr to schools north of the roadway.  Unacceptable. 
2. The stretch of Memorial Dr reconstruction from Kirkwood to Eldridge is bing funded 80% by 
TXDOT and 20% by City of Houston taxpayers.  the Tirz's project, estimated to cost 
approximately $15 million to reconstruct Memorial Drive from Beltway 8 to Tallowood is being 
financed 100% by Houston taxpayer.  It would appear that approximately $12 million (80% of 
$15 million) is being left on the table.  Your thoughts? 
3. An 18-foot curb face to curb face median/esplanade with 1-foot turning lane cuts would 
appear to be an acceptable configuration with less threat to future removal of esplanade to add 
more lanes in the future (think Gessner). 
4. Why no dedicated bike lanes as with the current Memorial Drive project between Kirkwood to 
Eldridge... same 100' Right of Way, by the way. 
5. Please consult the Energy Corridor's Mast Plan for intersections.  the innovative design fives 
pedestrians and cyclists a "head start" ahead of vehicle traffic.

1. Adding a raised median throughout the alignment will increase vehicular and pedestrian 
safety. The actual pedestrain crossings located at West Bough and BW Frontage Road will 
have accessible ramps, pedestrain signals and audible push buttons. No mid-block crossings 
between West Bough and the eastern limits are proposed at this time. 
2. TIRZ 17 is perpetually seeking to leverage funding through project cost sharing.  Presently 
TIRZ 17 is investigating other fund leveraging opportunities including Federal grants.  
3. Reducing median width to 18-FT leads to the following safety issues:
- Passenger cars having difficulties making U-turns in a single maneuver. This will lead to 
vehicles stopping & reversing in the travel lane to be able to make the U-turn which is not safe.
- Passenger cars waiting in the median opening will protrude into adjacent traffic lane (Typical 
length of a standard passenger car is 19-FT, pickup trucks tend to be longer).
4. It’s safer to have a shared used path because you are separating vehicular traffic from bike
traffic. In addition, the City had indicated that they do not want on-street dedicated bike lanes.
5. Will do.  Thank you for your suggestion. 

11

1. Can Councilman Pennington explain what was done from Kirkwood to Eldridge there are no 
esplanades or turn lanes.
2. Is there a phase 2 or 3 to this proposed project?
3. Why did the Barryknoll work take more than a year and then part had to be redone?
4. How about a show of hands on the three alternatives.

1. CM Pennington's office to address. This TIRZ 17 portion of Memorial Drive is from BW 8 
Frontage road to Tallowood.
2. To minimize traffic impacts, the project will be constructed in multiple phases. The phases will 
be determined during detail design.
3. Barryknoll Lane Construction project encountered several delays outside the purview of 
anyone representing the TIRZ. These delays were primarily due to the contractor having to 
demobilize in association with AT&T’s conflict.
4. The recommended alternative is to improve the roadway to a curb and gutter concrete 
section with 24-FT wide raised medians to improve safety, mobility and access management 
along the project corridor.

12

1. Please consider a 18' to 20' median with trees between peds & sidewalks on both sides. 
2. Please put the extra feet from a smaller median into separated ped and bikeway. 
3. Consider either box detention under wider sidewalk or using permeable sidewalks with open 
bottomed detention system.

1 & 2. Reducing median width to 18-FT leads to the following safety issues:
- Passenger cars having difficulties making U-turns in a single maneuver. This will lead to 
vehicles stopping & reversing in the travel lane to be able to make the U-turn which is not safe.
- Passenger cars waiting in the median opening will protrude into adjacent traffic lane (Typical 
length of a standard passenger car is 19-FT, pickup trucks tend to be longer).
Wider sidewalks will be placed on both sides of the roadway to promote a pedestrian friendly 
environment. Trees and landscaping amenities design will commence during the detail design 
phase of the project.
3. We will evaluate during the preliminary engineering phase.

Response to Public Questions/Comments Regarding

Memorial Drive Mobility & Drainage Improvements Project T-1738A

Public Forum Questions
c:\projectwise\iccarrillo\d0300205\April 14_Memorial Town Hall Questions FINAL



No. Abbreviated Questions Response

Response to Public Questions/Comments Regarding

Memorial Drive Mobility & Drainage Improvements Project T-1738A

13

Will you listen to CM Pennington's suggestion no to expand Memorial Drive beyond existing 4 
lanes.  Will you follow TIRZ 18 plan to limit to 4 lanes with few left hand turn lanes TIRZ 18 
should be an example to TIRZ 17  as to how to respect the residents and to work with them.  
Please understand that families live in the Memorial neighborhoods for the #1 school district  #2 
established residential amenities #3 safety.  Nobody move to Memorial for the commercial 
offices and shops-Nobody.  Please refrain from expanding Memorial Drive into the yards and 
demolishing private fences of residents AS TO BOX CULVERTS, expensive maintenance is 
required.  You say you do not maintain.  Who then?

The project objectives are as follows:
1. Improve Safety & Mobility
-The roadway will be improved to a curb and gutter concrete section with 24-FT wide raised 
medians to improve safety, mobility and access management along the project corridor.
-The roadway will also be reconstructed to meet current roadway geometric requirements.
- Left-turn bays will be added at median openings for safe queuing
- Traffic signals at BW 8 Frontage Road and West Bough Lane will be upgraded to meet current 
City of Houston standards
- The 4-lane roadway configuration will not change. We do not plan to add any additional 
through lanes.
- No right-of-way acquisition will be needed except for a single 20'x20' corner clip at the 
Memorial Drive and West Bough intersection to accommodate traffic signal equipment and ADA 
pedestrian ramps.

2. Improve Drainage 
- The installation of dual 10-FT x 10-FT reinforced concrete box storm sewers will reduce 
overland flows to neighboring areas.
- Provide net detention of +10-acre feet (3.3 million gallons)
- Reduce area flooding
- City will maintain the boxes, we are going through the City process for approval. We have met 
with the Drainage and Maintenance groups at the City and they are fully aware of the project.

3. Improve Quality of Life
- Pedestrian-friendly environment
- Continuous, wider sidewalks
- Multi-use/shared-use paths
- Landscaping/trees within median
- Pedestrian lighting

14 Why put bicyclists in with pedestrians?  Whey not make median 8' - 10', reduce sidewalk width 
and have two separate 5' bike lanes at edge of road on both sides of Memorial?

Reducing median width to 8-10-FT leads to the following safety issues:
- Passenger cars having difficulties making U-turns in a single maneuver. This will lead to 
vehicles stopping & reversing in the travel lane to be able to make the U-turn which is not safe.
- Passenger cars waiting in the median opening will protrude into adjacent traffic lane (Typical 
width of a standard passenger car is 19-FT, pickup trucks tend to be longer).
It’s safer to have a shared used path because you are separating vehicular traffic from bike
traffic. In addition, the City has indicated that they do not want on-street dedicated bike lanes.

15 We think project should extend to Gessner.
Extension beyond the existing project limits requires action from the City of Houston.  Extension 
to Gessner also requires coordination with the City of Bunker Hill as the portion of Memorial 
west of Gessner is within the City of Bunker Hill City Limits.

16 Wouldn't it make sense to extend the Memorial Drive Project - street and drainage - past 
Tallowood to Gessner?

Extension beyond the existing project limits requires action from the City of Houston.  Extension 
to Gessner also requires coordination with the City of Bunker Hill as the portion of memorial 
west of Gessner is within the City of Bunker Hill City Limits.

17 How is drainage under Memorial of 153 being addressed?  How is our quality of life being 
addressed when you are using our property + house as a holding pond?

We are  evaluating the W153 Memorial crossing to determine if improvements are justified and 
can be completed without causing adverse impacts downstream. The final preliminary 
engineering report will be posted on the TIRZ 17 website once approved by the City.

18 Why are there no extra lanes planned?
The traffic counts do not warrant additional lanes. In addition, the City identifies Memorial Drive 
as a roadway that has sufficient width and does not need to be widened in the Marjor 
Thoroughfare and Freewy Plan (MTFP).

19 Does the City plan to take any property for eminent domain.  If so - where?  I live on corner of 
Tallowood & Memorial

No right-of-way acquisition will be needed except for a single 20'x20' corner clip at the Memorial 
Drive and West Bough intersection to accommodate traffic signal equipment and handicap 
ramps

20 Why did the TIRZ stop where it did?  Why not go to Gessner or even further?  To W-151?

The project terminates at the existing TIRZ boundary limits.  Extension beyond the existing 
project limits requires action from the City of Houston.  Extension to Gessner also requires 
coordination with the City of Bunker Hill as the portion of memorial west of Gessner is within the 
City of Bunker Hill Limits.

21 If you go down to an 18 ft median would you be able to add dedicated bike lanes?

Reducing median width to 18-FT leads to the following safety issues:
- Passenger cars having difficulties making U-turns in a single maneuver. This will lead to 
vehicles stopping & reversing in the travel lane to be able to make the U-turn which is not safe.
- Passenger cars waiting in the median opening will protrude into adjacent traffic lane (Typical 
width of a standard passenger car is 19-FT, pickup trucks tend to be longer).
In addition, the City has indicated that they do not want on-street dedicated bike lanes

22 Why does Gessner need to be a major thoroughfare?  Isn't this what Beltway 8 is for?

The classification of Gessner as a Major Thoroughfare is not a function of TIRZ 17. The City of 
Houston determines the thoroughfare classification. The City uses several factors to classify 
streets into categories: length of road, existing and projected traffic volume, character of 
adjacent properties and possibility of expansion.

23 Are the box culverts closed end at W153? i.e., no water can go into W153?
Memorial Drive storm sewers discharge into W153 under the current conditions. The proposed 
storm sewer trunklines will discharge into W153 through restrictors that limit the flow to match 
or be below the existing flow rate.

24 I'm concerned that the water run off will cause flooding near Gessner and Briar Forest.
The proposed Memorial Drive improvements will remove runoff form the surface and store it in 
large underground storage boxes.  The project will have no adverse impact on Gessner and 
Briar Forest.

25
What retention currently exists South of Memorial City within TIRZ17? Any?  Could a block of 
older housing be purchase and underground detention be put in and either a park or new 
buildings be put in the same area?

TIRZ is actively pursuing underground and surface detention opportunities south of IH-10.
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No. Abbreviated Questions Response

Response to Public Questions/Comments Regarding

Memorial Drive Mobility & Drainage Improvements Project T-1738A

25

1. Memorial Drive between Gessner and the Beltway at times is a race track filled with 
speeders.  What provisions are going to be made to make this very safe?
2. The Memorial Green Project will collect water from the 15 acres and bring it to the NorthWest 
corner of the property.  It then will go into an open ditch along Memorial and move West to ditch 
153 which is a bottleneck.  What are you going to do about this transition?

1. The roadway will be improved to a curb and gutter concrete section with 24-FT wide raised 
medians to improve safety, mobility and access management along the project corridor. The 
roadway will also be reconstructed to meet current roadway geometric requirements. Left-turn 
bays will be added at median openings for safe queuing.
2. TIRZ 17 does not regulate, review or permit development plans. We are not involved in 
Memorial Green. Our project limits end at Tallowood, where we are transitioning to the existing 
roadway configuration of 4-lanes with a continuous left turn lane and tieing into the existing 
drainage system.

26
ALT 1=Most desirable
ALT 2= Too narrow median - not to Spec. 6' sidewalks unnecessary
ALT 3=??

Alternate 1 - Improving roadway to a curb and gutter concrete section with 30-FT wide raised 
medians. This alternate was not selected because it will impact a lot of properties that are 
currently encroaching into City's right-of-way.
Alternate 2 - Improving roadway to a curb and gutter concrete section with 24-FT wide raised 
medians. This alternate was the recommended one because it will mitigate impacts to 
properties that are currently encroaching into City's right-of-way. It will also increase safety and 
mobility throughout the corridor. Having raised medians with trees/landscaping also provides 
the quality of life component of the project.
Alternate 3 - Improving roadway to a curb and gutter concrete section with a middle continuous 
two way left turn lane. This alternate was not recommended because the middle lane creates 
conflicts and is not as safe at alternate 2. It also lacks the quality of life component.

27 Will (or can) a traffic signal be added at Boheme at Memorial Drive?  Boheme is a major cut-
through street connecting Memorial Drive and Beltway 8.  Traffic flow is significant.

Based on peak hour volumes, a traffic signal is not warranted at this intersection. However, the 
proposed median opening will allow for safer turning movements.

28
Do you plan to close Beltway 8 trunkline that drains run-off from Beltway 8/ I-10 south to Buffalo 
Bayou?  Do you plan to redirect the entire trunkline east to W-153 via box culverts  under 
Memorial Drive.

No, we will not impact or modify the BW 8 trunkline. A portion of the existing Memorial Drive 
project corridor drains to the BW 8 trunkline.  We will maintain the same flow rate to the BW8 
trunkline with the proposed project.  We will install 2-10-FT x 10-FT boxes under memorial 
without connecting them to the BW 8 trunkline.  The proposed boxes will carry no flow from the 
BW 8 trunkline to W153.

29 Make median openings along Legend Lane so traffic doesn't have to make a U-turn at Somerset 
Place.

The median opening locations will be strategically placed throughout the corridor based on City 
of Houston Infrastructure Design Manual, traffic operations analysis, crash locations, 
geometrics and engineering judgment. The majority of the cross streets will have median 
opening. 
We are currently in the preliminary engineering phase and evaluating the locations of the 
median openings.

30 Suggest having an 11' lane and either as 12' outside or 13' outside lane so total paved width is 
23 or 24 feet. The latest City of Houston's Infrastructure Design Manual requires all lanes to be 11 feet wide.

31 Requesting Left Turn Bays at Memorial Drive and Legend Lane and object to any plan that puts 
additional drainage into W-153. We are evaluating this as part of the preliminary engineering process.

32

1. Space, trees, and plantings between the roadway and the sidewalk maximized.
2. Suggest an 8' shared use path EB and WB.
3. Median width should be a compromise of 20 feet.
4. Are 11' lanes including / excluding the usable gutter pan in the outside lane.

1. Landscaping amenities will be designed during the detail design phase.
2. The final configuration of the shared used path is being evaluated during the preliminary 
engineering phase.
3. Reducing median width to 20-FT leads to the following safety issues:
- Passenger cars having difficulties making U-turns in a singla maneuver. This will lead to 
vehicles stopping & reversing in the travel lane to be able to make the U-turn which is not safe.
- Passenger cars waiting in the median opening will protrude into adjacent traffic lane (Typical 
length of a standard passenger car is 19-FT, pickup trucks tend to be even longer).
4. 11-Ft lanes are from face of curb to middle of lane line or stripe

33 Suggests improvement to Buffalo Bayou to deal with flooding. HCFCD has jurisdiction on Buffalo Bayou.

34 1. How will you provide replacement drainage.
2. The 100' ROW will require tree removal.

1. The existing drainage infrastructure along Memorial Drive will be replaced with large 
concrete box trunklines to improve the risk of flooding in the area.  
2. To comply with City Ordinance, an Urban Forester will inventory and evaluate all the trees 
within the corridor and develop tree protection plans to minimize impacts to trees. 

35 Right-of-way width is 90-ft not 100-ft

The City MTFP does show Memorial Drive, from Bunkerhill City Limits to West Belt as a 90-foot 
right-of-way (ROW) section.
For our project limits, our Surveyor, Kuo & Associates, developed the existing ROW lines at 100 
feet width, per iron rods found out in the field. In addition, the HCAD maps show a varying width 
ROW (103’-106’). In summary, we must proceed with the 100-foot wide ROW based on 
ACTUAL iron rods found out in the field by our Registered Professional Land Surveyor (RPLS).

36
Do you plan to close the TxDot Beltway 8 trunkline that drains storm water run-off from Beltway 
8/ Interstate 10 south to Buffalo Bayou? Do you plan to redirect this entire TxDot Beltway 8 
trunkline east to W-153 via box culverts under Memorial Drive? I need an explanation

We are not changing any of the existing drainage patterns along Memorial Drive. What 
currently drains to the west towards BW 8 Frontage road will continue to do so in the proposed 
conditions and what currently drains to the east towards W153 will also continue to do so.

Our recommendation is to maintain flow rates from Memorial to the existing storm sewer trunk 
line beneath Beltway 8. That is to say that some flow from Memorial is currently draining to the 
Beltway 8 trunk line and that same flow rate will be maintained in the proposed conditions. The 
Beltway 8 system will not be rerouted and no additional water from the Beltway 8 system will be 
conveyed to W153.

Large trunk lines are proposed as part of the Memorial Drive improvements.
These large storm sewer boxes will provide relief for W153 by storing water that currently 
reaches W153 and allowing it to be discharged through a restrictor after W153 has lowered.  
The large boxes will not be connected to the Beltway 8 trunk line therefore no flow from the 
Beltway 8 system will be conveyed to W153.
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