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I. Purpose

To review and discuss the recommendations provided by the engineering consultant, make decisions
and provide directives. The recommendations are detailed in the Preliminary Engineering Report (PER)
titled, “Memorial Drive Mobility and Drainage tmprovements Project Preliminary Engineering Report”,
dated October 2015, prepared by Lockwood, Andrews & Newnam, Inc.

The purpose of the Memorial Drive Project is to Improve Mobility, Safety, Drainage Deficiencies, and
Quality of Life.

The project proposes to improve the Mobility and Safety by converting the existing 4-lane asphalt open
ditch roadway to a 4-lane concrete curb and gutter section with a raised median. The project will
require full roadway reconstruction of Memorial Drive, from the northbound Beltway 8 frontage road to
Tallowood Rd. As part of the roadway reconstruction, the aging or deficient public utilities shall be
replaced and private utilities shall be evaluated and relocated or replaced as necessary.

The project proposes to improve Drainage Deficiencies with the installation of reinforced concrete storm
sewer boxes; ranging from 10'x5’ to 10’x10’, which will result in increased conveyance and storage, an
increase in storm level protection, reduction in overland flow leaving the project area, reduction in
roadway ponding and reduction in surrounding area residential flooding.
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The project proposes to improve Quality of Life by installing 8-foot wide shared use paths along both
sides of the Memorial Drive project cornidor, replacing existing traffic signals, providing ADA compliant
sidewalks and wheel chair ramps, and installing hardscape and softscape features along the project.

1. Project Background

A. Introduction

Lockwood, Andrews & Newnam, Inc. {LAN} was retained by the Tax Increment Reinvestrment Zone
No. 17 (TIRZ 17} to perform a Preliminary Engineering Study for Memorial Drive Mobility and
Drainage Improvements Project. In addition to the general mobility improvement, another important
objective is to address documented drainage issues in the immediate area. The Memorial Drive
Mobility and Drainage project was identified in the City of Houston (City) approved TIRZ17 Project
Plan and Capital Improvement Plan (CIP No. T-1717).

B. October 2015 PER Findings & Recommendations

Three main roadway improvement alternatives were considered and analyzed. The impacts of each
alternative to existing right-of-way, access management, pedestrian amenities, tree inventories, and
underground utilities were considered. The alternative selected is the most optimal solution based on
benefit, cost and constructabitity. It will involve complete reconstruction of Memorial Drive, within
the existing ROW, with the addition of sub-surface, in-line detention. The recommended proposed
improvement will improve overall mobility and safety, drainage deficiencies, and quality of life.

The following recommendations are based on the results from the preliminary geometric evaluation
and condition assessment, and drainage analysis:

Roadway:

_Existing:

Centered within an existing 100" right-of-way, Memorial Drive is an existing, undivided 44-foot
asphalt roadway with a combination of shallow open ditches and curb and gutter sections; with two
T1-foot lanes in each direction, from the northbound Beltway 8 intersection, east to Tallowood Rd.
Memorial Drive is currently classified as a major thoroughfare per the 2014 City Major Thoroughfare
and Freeway Plan (MTFP). The posted speed limit along Memorial Drive is 35 mph within the
project limits. Existing sidewalks are 4-feet wide and discontinuous along the project alignment.

There are two (2) existing signalized intersections along the project limits; Beltway 8 frontage road
and W. Bough/Broken Bough intersections. There are also eight (8} unsignalized intersection along
the project limits. The City Pavement Condition Rating (PCR) scores along the project alignment vary
from the mid 60’s to the mid 70’s.

Proposed:
The Recommended Alternate | proposes a 4-11-foot wide lanes, two way concrete curb and gutter

roadway divided by a 24-foot wide raised median with left turn lanes at each median opening. Per
the 2015 COH IDM the pavement will be 11-inches thick concrete. The median opening locations
were based on an access management study and feedback from the public.

Proposed 8-foot wide Shared Use Paths will be constructed along both sides of Memorial Drive. The
propased Shared Use Path, along the south side of Memorial Drive, is intended to tie into the future
TxDOT shared use path project from Terry Hershey Park to the southeast corner of the Beltway 8
northbound frontage road and Memorial Drive. There will be minimum 4-foot buffer space
separating the roadway from the shared use paths. ADA compliant wheel chair ramps will also be
constructed at both signalized intersections,

Both signalized intersections will up replaced to meet current City of Houston criteria.

No additional ROW is required for the proposed Memorial Drive project with the exception of a
25'x25" corner clip at the northeast corner of Memorial Drive and Beltway 8 northbound frontage
road, and a 20'x207 corner clip at the northwest corner of Memorial Drive and W. Bough Lane.
These corner clips are required for proposed sidewalk continuity, ADA compliant pedestrian ramps,
and proposed traffic signal improvements.
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Drainage:

Existing:

The entire study area is part of the W153-00-00 watershed and is generally drained by roadside
ditches and storm sewers existing along the project alignment, ultimately out-falling to W153-00-00.
The western limits of the project from W. Bough Lane/Broken Bough Drive to Beltway 8 drain to the
Beltway 8 storm sewer trunkline before continuing downstream to Buffalo Bayou. A Regional
Drainage Study performed in 2012, then updated in 2014, documented significant deficiencies
within the watershed. Significant structural flood damage was reported in the April 2009 rain event
as well as the more recent May 2015 rain event. The existing Memorial Drive Drainage System does
not currently meet the City's 2-yr or 100-yr drainage criteria. Flooding is partially due to the limited
capacity of the Memorial Drive drainage infrastructure and overflow from W153 itself. At the peak
of a major rain event, W153 becomes overwhelmed and overland flows into Memorial Drive ROW
from W153 via adjacent properties, thus putting adjacent properties at risk of structural flooding. The
capacity of the Memorial Drive crossing at W153 is further reduced by the significant tailwater in
Buffalo Bayou. Additionally, the area south of Memorial Drive is inundated due to the Buffalo Bayou
100yr floodplain. Neither of these issues can be resolved by the local drainage improvements
proposed as part of the roadway project.

Proposed:
Five (5} drainage improvements options were evaluated for the project. The recommended Option |

is designed to meet the City’s 2-year criteria and maximize the benefit of the drainage
improvements, while minimizing impacts to W153 and adjacent properties. The proposed drainage
option does not change the existing drainage patterns of the current Memorial Drive system. A
proposed single 10'x10" RCB will be installed from W.Bough/Broken Bough to Beltway 8. Dual
10'x5" RCB’s will be installed from W.Bough/Broken Bough to Boheme. A smaller 10’x5" box is
required at the Boheme intersection, so as to not impact an existing 48-inch sanitary sewer crossing.
Dual 10'x10” RCB’s will continue from east of Boheme to W153. Restrictors are proposed at the
Beltway 8 and W153 outfalls to maintain or reduce existing flow rates and water surface elevations.
Throughout the dual RCB’s, equalizers will be installed to properly convey flows.

Option | results in a net sub-surface detention volume of approximately 12(+) acre-feet. The project
will match or lower flow rates to the receiving storm sewer. This option will also provide a 10-year
level of protection.

Public Utilities

A. Water lines:

The project area is serviced by a 16-inch ductile iron waterline that runs primarily along the
southern ROW of Memoarial Drive, from east of Beltway 8, for the extent of the project. This line
was installed in 1995 and is not recommended to be replaced.

A 12-inch asbestos concrete (AC) water line located at Beltway 8 and continues east to tie into the
16-inch ductile iron water line was installed in 1969 and is recommend to be replaced due to its age
and material.

There are seven {7) water line crossings that run perpendicular to Memorial Drive, ranging in size
from 8-inch, 12-inch and 16-inch. All water line crossings are recommended to be replaced due to
pipe material, conflicts with proposed improvements, and to eliminate any future water line projects
that may impact the proposed future roadway.

New fire hydrants will be installed per City spacing requirements. The existing fire hydrants will be
removed and salvaged, whenever possible, to reduce costs,

B. Sanitary Sewer:
There are four (4} sanitary sewer lines that run parallel 1o Memorial Drive: A 48-inch gravity line, a

15-inch gravity line, a 12-inch gravity line and a 10-inch gravity line. The existing 48-inch line,
installed in 1997 crosses Memorial Drive at Boheme and traverses east along the northern side of
Memorial Drive to W153. It is not recommended to replace this line. The 15-inch polyethylene line
is located in back lot samitary sewer easements between Beltway 8 and Boheme. It is not
recommended this line be replaced. The 12-inch line runs along the north/east ROW from
approximately Old Oaks Drive and Boheme Drive. For the first 290 feet, the pipe was replaced in
19599 using polyethylene pipe. The remaining 285 feet is made of unreinforced concrete that was
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installed in 1960. It is recommended that only the older 285 feet of the sanitary sewer line be
replaced. The 10-inch line runs along the north/east ROW between Huntingwick Drive and Boheme
Drive. This extra strength concrete line runs parallel to the 12-inch line and was installed in 1966. It
is recommended that this line be replaced due to its age and pipe material. During detailed design,
LAN will study the option of combining the 12-inch and 10-inch lines into one single line.

There are ten (10 sanitary sewer line crossings that run perpendicular to Memorial Drive. They
range in size from 8-inch to 24-inch. Seven {7} lines were installed in the 1950’s and 1960’s and
CCTV footage depicted irregularities in the lines. Therefore, it is recommended that these seven (7)
sanitary sewer crossings be replaced. The remaining three (3} lines are 1~6-inch ductile iron force
main; 1~6-inch cast iron force main, and 1~10-inch ductile iron force main, installed in the 1970s
and 1980%s. The 6-inch cast iron line is in conflict with proposed improvements and is
recommended to be replaced. The 6-inch ductile iron line is also recommended to be replaced due

to its age and pipe material.

Traffic Signals
The two existing traffic signals at Beltway 8 and West Bough/Broken Bough will be replaced to meet

current City standards.

Private Utilities

CenterPoint Energy has underground gas lines, underground conduits and overhead electric lines.
Southwestern Bell Company (SBC or AT&T) has underground cables fiber optic cables, and duct
banks. and PVC conduits in the project limits. Coordination with private utility entities will be
conducted early in the design process as needed.

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

be impacted by the project resulting in 393 replacement inches. Landscaping plans and tree
protection plans will be necessary in Phase Il to comply with City Tree Ordinance.

Geotechnical Study:
The geotechnical report by Aviles Engineering recommends a rigid concrete pavement thickness of
t1-inches with an 8-inch lime stabilized subgrade, consistent with the latest City 1DM requirements

for a 50-vear life span pavement.

Environmental Site Assessment:

The Phase | ESA conducted by Aviles Engineering identified seven (7) Recognized Environmental
Concerns (REC). Research found a fault line along the project limits, but Aviles’ site reconnaissance
found no evidence of a fault line. A detailed Phase 1l ESA is recommended during detailed design

along with a fault study to confirm if a fault line exists,

Right-of-way/Easement Acquisition:

No additional ROW is required for the proposed Memorial Drive project with the exceptian of a
25'x25" corner clip at the northeast corner of Memorial Drive and Beltway 8 northbound frontage
road, and a 20'x20" comer clip at the northwest cormer of Memorial Drive and W. Bough Lane.
These corner clips are required for proposed sidewalk continuity, ADA compliant wheel chair ramps
and proposed traffic signal improvements.

Project Coordination:

Project coordination will continue throughout the final design with the City of Houston, TIRZ 17,
TxDOT, METRO, Harris County Toll Road Authority, Harris County Flood Control District, adjacent
property owners, and several private utility entities. Coordination meetings will be scheduled with
the City of Houston as needed throughout the design phase to coordinate design. Upon completion
of 60% and 90% design, drawings will be submitted to the City Engineer’s Office for review and
approval. Farly coordination with private utility entities will also be conducted in design.

Traffic Control:

The traffic control plan and construction sequencing will require two main phases to minimize
disruption to the traveling public, pedestrians, and adjacent properties. During the first construction
phase, the south half of the project will be constructed including storm sewer boxes, and concrete
pavement. Temporary pavement along the north side of Memorial Drive will need to be installed to
accommodate one lane in each direction, along with a continuous two way left turn lane. The
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second phase of construction will move traffic to the newly constructed pavement and maintain the
same three lane configuration, then complete the construction of the remaining items along the

north side of the project.

Lighting/Landscaping:

Standard City Street lighting will be installed along the project. A detailed landscaping and
pedestrian lighting plan will also be developed during construction. These improvements are meant
to promote a pedestrian friendly environment along the proposed project corridor.

C. TRC Decisions and Directives

1. LAN will provide 11-foot lanes during construction to accommaodate bus traffic.

2. LAN to revise design to reflect 8-foot wide shared-use paths on both sides of Memorial
Drive due to the long distances between legal street crossing locations. This will
provide the north and south side neighborhoods an equal opportunity to utilize these
amenities.

3. Use High Early strength concrete at all intersections.

4. The 100-vear storm event City Criteria cannot be met due to W153’s limited capacity
and back water from Buffalo Bayou. A regional solution is needed for the area but this
is beyond the project’s scope.

5. TIRZ 17 will handle the ROW acquisition for corner clips.

6. LAN will work with planning department to determine if there is a need for utility stub-
outs for the Rebuild Houston project at Memorial Bend subdivision.

7. LAN will do a sight distance analysis at each intersection to evaluate if there are sign
distance issues.

Based on the above directives and conclusions, the engineering consultant on behalf of TIRZ 17,
will proceed with final design of the Memorial Drive Mobility and Drainage Improvements Project.
Please contact Muhammad Al at 713-266-6900, should this summary be inconsistent with the TRC

findings and decisions.

Ravi Kaleyatodi, P.E., CPM
Senior Assistant Director
City of Houston/PWE
Engineering Branch
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Memorial Drive
Preliminary Engineering Report

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 | 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.
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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 Il detailed design project may commence. Phase Il 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 1. 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 | Preliminary Engineering & Analysis
1.7.1 Evaluation of Roadway Improvement Alternatives
Three roadway alignment alternatives were studied for the project. Alternative | was deemed to

be the most reasonable and feasible alternative.

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 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 |

1.7.1.4 Traffic Control Plans
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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 | 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 Il 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 Il 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.

(RECOMMENDED)
Typical Section

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 Il (Add 9’x9” RCB): Similar to Option | but attempt to meet roadway ponding depth

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

3. Option Il (Raise Roadway Profile): Similar to Option Il 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 | 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 | 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:
e 10-foot multi use path and 6-foot wide sidewalks with decorative pavers alternating
with broom finished concrete;
e Additional tree and shrub plantings;

e 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 Il 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 | 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 | ESA report. A fault line was also found during
the ESA | research but no evidence of a fault was found during AEC’s site reconnaissance. It is
recommended that a Phase Il 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 | 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.

Lockwood, Andrews
&Newnam Inc.
.'\ LEQ A DALY COMPANY

January 2016



Memorial Drive
Preliminary Engineering Report

ATHORTY |

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 | 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 Il detail design project development may commence. Phase Il 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 Il 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

e 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.
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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
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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.

Table 2.2 - Existing Private Utilities for Memorial Drive

Approximate

Location

CPE Underground North/South Beltway 8 W. Bough/Broken
A 48-inch gravity sewer line is located along Memorial Drive northern ROW from Boheme Drive Electric Side Frontage Rd Bough Lanes
~ e -  lined oine i CPE 2 Gas Li South Side | WV Boush/Broken 200-ft South
to east of Tallowood Road. The 48-inch gravity sanitary sewer is made of plastic-lined pipe in some as Line outh Side Bough Lanes -ft Sout
sections while other sections are made of concrete. The entire line was placed in service in 1997 CPE 2”7 Gas Line South Side Boheme Drive 100\'/fgr[§\c/’\;tit‘1kcl’imp
and multiple service connections are present throughout the line. South/West
" . - 200-ft north of
CPE 4" Gas Line Side & East Old Oaks Road Tallowood Road
bound lanes ks oA
There are three sanitary sewer force mains within the project limits. One 10-inch and one 6-inch South/Waest
ductile iron pipe force mains were installed in the 1984. One 6-inch cast iron pipe force main was CPE 4" Gas Line Side & West Boheme Drive Rip Van Winkle
. . , . . . . bound lanes
installed in the 1970’s. Refer to Appendix B for additional details and 30% plan and profile sheets. Beltway 8
AT&T | 2-4” G.I.P Conduits |  South Side . Y 100-ft west
rontage Rd
2.5.6 Existing Private Utilities AT&T 2-4" G.1.P Conduits | South/East Side Bogelme nge 80-ft North
” . . eltwa
A number of private utility companies were contacted to identify what utilities exist within the AT&T | 4-4" G.I.P Conduits |  South Side Frontagg/ Rd 100-ft west
project limits. See Table 2.1 for all private utility companies that were contacted. AT&T 4-4” G.1.P Conduits South Side W. Bough/Broken 350-ft East
& Fiber Optic Bough Lanes
Table 2.1 - Existing Private Utility Contacts AT&T 14/12/10/8-4 South Side | Y- Bough/Broken Tallowood Road
Conduits Bough Lanes
AT&T Logix Communications LP South Side & W. Bough/Broken
CenterPoint Energy Gas & Electric Netco Pipeline AT&T Buried Cable Southbound .Bougﬁ Lanes Tallowood Road
Comcast Phonoscope Lanes

TW Telecom
Verizon Business

Extenet Systems
Level 3 Communications

2.5.6.1 Existing CenterPoint Energy Gas Facilities

CenterPoint Energy (CPE) Electric/Gas and Southwestern Bell Company SBC, (also known as At approximately 200 feet north of Old Oaks Drive, a 4-inch CenterPoint Energy (CPE) gas line

AT&T) have existing private utilities located within the project right-of-way. Utility information runs parallel to Memorial Drive, the gas line continues to east of Tallowood Road. The 4-inch

was requested and obtained from both companies. CPE has underground gas lines, overhead gas line is under existing and proposed pavement from Huntingwick Drive to Rip Van Winkle

electric lines and underground conduits extending within the project’s right-of-way. AT&T Drive. An existing 4-inch CPE gas line connects to the 4-inch gas line in the middle of the roadway

facilities include both underground cables, fiber optic cables, and duct banks. Texas One Call at Rip Van Winkle Drive and continues along Memorial Drive southern/western ROW to Boheme

should be contacted at least 48 hours prior to excavation to locate all underground utilities. Drive. At the northeast corner of Hollow Drive and Memorial Drive, a 2-inch & 4/3-inch CPE

See Table 2.2 —Existing Private Utilities for additional information.
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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

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

Existing CenterPoint Energy Electric Facilities and Lighting

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

2.6

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

Existing Tree Impacts

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 Il detailed design.

2.7

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

Geotechnical Study

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 | 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 | ESA report. A fault line was found during the ESA | research but no evidence of a
fault was found during AEC’s sire reconnaissance. Based on ASTM E 1527-05 criteria, Phase Il 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.

e Minimum cross slope of pavement will be % inch per foot.
e Sidewalks will conform to the latest requirements of the American with Disabilities Act.
e Expansion joints will be placed at a maximum of 80 feet.

e 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 |, 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 Il:

Alternative Il is very similar to Alternative |. The only difference is the median width.
Alternative Il 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 llI:

Alternative Ill 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 Il does not satisfy the quality of life objective. See
Exhibit 3.3 for more details.

3.3

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

Driveways and Pedestrian Facilities

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

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

Right-of-Way Requirements

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

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

Traffic Control Plan and Construction Sequencing

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 | 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 Il will include the construction northern side of Memorial Drive including service connections.
To maintain the same 3 lane configuration as Phase |, the proposed median curbs cannot be constructed
until Phase Il 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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3.6

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

Landscaping Alternative

improvements are as follows:

Level 1 — (High Level of Amenities)

e o6-foot wide sidewalks with decorative pavers alternating with broom finished

concrete;
e 10-foot wide shared use path with broom finished concrete,
e Additional tree and shrub plantings;

e Enhanced Pedestrian lighting along entire project limits.
Level 2 — (Medium Level of Amenities)

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

concrete;
e Limited tree or shrub plantings

e No pedestrian lighting

Level 3 — (Low Level of Amenities, Minimum City Standard)
e City standard 5-foot wide broom finished concrete sidewalks
e No additional tree or shrub plantings
e 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

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

Street Lighting

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

3.8

Roadway

Recommended Roadway Improvements

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 1, is the most reasonable and

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

The recommended 6’foot wide sidewalks and 10-foor wide shared path will further satisfy the quality
of life objective. Alternative | 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 1.
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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:

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

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

e Improving turn-radii at driveways and intersections

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

e 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.
- o PR : m T n

»

Figure 4.1: Above-ground Conduit on Memorial Drive Overass

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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4.3

4.4

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.

Methodology

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

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

e Analyze existing and future conditions for access management and Level-of-Service
(LOS)

e Mitigate substandard conditions

e Document analysis and findings and provide recommendations

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

Control Delay (sec/veh)

LOS Signalized Unsignalized LOS Description
Intersection 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 n.otlceable, high
volume to capacity ratio
Limit of acceptable delay, poor progression,

E > 55 and < 80 > 35 and < 50 | long cycles, and / or high volume to capacity
ratio
Unacceptable to drivers, oversaturated

F > 80 > 50 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): 95"-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.

Crashes in 2014
0-2
3-6
T+

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 @ Stop sign
graphical depiction in Figure 4.2.

Signalized
# | :
Table 4.3: Number of Crashes at Memorial Drive Intersections by Crash Type in 2014 TiEEEton
Cross-Street Fatal | Incapacitating Nt Possible | Non- | Unknown Total
Incapacitating | Injury | Injury | Severity
Beltway 8 FR (SB) 0 1 2 3 8 0 14 Crash data obtained for this study was used to identify locations where access management
Beltway 8 FR (NB) 0 0 1 5 6 0 9 may reduce opportunities for crashes in the future. Access management techniques are used
y in roadway design to preserve roadway efficiency and enhance traffic safety, including:
West Bough Lane 0 0 0 0 ! 0 ! e Closing or modifying median openings to restrict turning movements
Boheme Drive 0 0 1 1 0 0 2 - . . . . :
e Restricting turning movements by closing or modifying minor street or private
Hollow Drive 0 0 0 0 1 0 1 ,
driveways
Tallowood Road 0 0 0 0 0 0 0
Total 0 ] 4 6 16 0 27 e Adding or extending left-turn lanes

e Improving turn radii
e Constructing shared access between property owners

e Consolidating driveways where multiple driveways access the same property
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4.6

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:

e Improved safety and operations on conflicting movements
e Reduced crash rates

e Reduced delay and congestion

e Improved aesthetics

e Opportunities to improve pedestrian and bicycle travel

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.

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 ft* 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:

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

e 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:

e 2015 A.M. Peak Hour — Existing
e 2016 A.M. Peak Hour — No Build
e 2016 A.M. Peak Hour — Build

e 2030 A.M. Peak Hour — No Build
e 2030 A.M. Peak Hour — Build

e 2015 P.M. Peak Hour — Existing
e 2016 A.M. Peak Hour — No Build
e 2016 A.M. Peak Hour — Build

e 2030 P.M. Peak Hour — No Build
e 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:

e Approach LOS
e Approach control delay (sec)
e Overall intersection LOS

e 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

2015 A.M. Peak -- Existing 2016 A.M. Peak -- No Build 2016 A.M. Peak -- Build 2030 A.M. Peak -- No Build 2030 A.M. Peak -- Build
= c c c c c c c c c c
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Memorial Drive EB 43.6 D 47.4 D 47 .4 D 56.7 E 56.7 E
@ WB 43.3 C 44.0 D 46.9 D 57.3 E 57.3 F
Bel 38.8 D 43.3 ) 43.8 D 71.3 E 71.3 F
eltway 8 NB - - - — — - - - - —
(Southbound) SB 36.8 D 39.8 D 39.8 D 87.8 F 87.8 F
VT EB 36.3 D 37.4 D 37.4 D 51.9 D 51.9 D
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SB 0.4 0.4 0.0 0.6 0.0
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Table 4.6: Summary of MOEs during A.M. Peak Hour by Alternative (continued)

2015 A.M. Peak -- Existing

2016 A.M. Peak -- No Build

2016 A.M. Peak -- Build

2030 A.M. Peak -- No Build

2030 A.M. Peak -- Build
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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:
e Approach LOS

e Approach control delay (sec)
e Overall intersection LOS

e 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

2015 P.M. Peak -- Existing 2016 P.M. Peak -- No Build 2016 P.M. Peak -- Build 2030 P.M. Peak -- No Build 2030 P.M. Peak -- Build
-5 = A= s s A= A= s = A= = = s = A= s s A= A= s =
. g S > S '§>~ -g S > & '-g>~ g Q@ > S '-g>~ -S S > S '§>~ -g S > & '-g>~ '-g
Intersection = g@ gm o & 1SN g«; gm IS ISN) g@ gm IS o » g@ gm S SN g«; gcn IS ISN%)
= &2 | 89 | 83 | €9 [ 58 | 89 | €8 | 29 | 88 | &89 | £g | 89 | &8 | &S | 283 | €92 | 58 | 89 | €8 | £8
< a0 oy g0 o a0 S g0 o a0 >y g0 o a0 oy g0 o a0 S g0 o
< | |E |2 | | < | |E | |2 |2 |2 | |2 |2 |2 | |2 |2 |¢E
. . EB 54.8 D 63.4 E 59.2 E 77.2 E 79.0 E
Memorial Drive
@ WB 68.2 E 68.3 E 68.8 E 83.6 F 83.7 F
71.4 E 83.3 F 82.3 F 106.7 F 108.8 F
Beltway 8 NB — — — - - — — — — -
(Southbound) SB 81.2 F 102.9 F 102.7 F 138.5 F 141.9 F
. . EB 35.5 D 34.5 C 343 C 43.4 D 48.8 D
Memorial Drive
@ WB 101.8 F o4 : 137.4 F 50,3 - 139.5 F 010 - 183.1 F (078 - 192.8 F - -
Beltway 8 NB 82.4 F : 82.1 F : 82.2 F : 85.5 F : 89.3 F :
(Northbound) SB — — — — — — — — — —
EB 15.0 B 13.5 B 16.3 B 23.2 C 23.2 C
Memo“@g' Drive WB 19.7 B - 5 25.7 C 121 - 22.6 C 86 5 51.2 D 6.9 5 51.2 D r67 5
Broken Bough Drive 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
EB
Memorg' Drive WB 127.6 F - - 196.6 F c ) - 110.1 F i - 447 .1 F - - 340.1 F 130 -
Old Oaks Drive NB 0.0 ' 0.0 ‘ 0.0 ' 0.0 : 0.0 '
SB 1.5 1.7 0.0 2.3 0.6
EB
Memorg' Drive WB 31.8 D o 5 46.4 E 3 . 15.4 C 03 c 92.8 F 53 . 17.4 C 03 c
Huntingwick Drive NB 0.0 ' 0.0 ' 0.0 ' 0.0 ' 0.0 '
SB 1.0 1.2 0.0 1.9 0.0
EB 75.8 F 143.2 F 359.3 F 440.9 F 1079.6 F
Memorial Drive WB . . . ___ ___ . . . . ___
@ 8.6 F 12.8 F 24.4 F 32.8 F 71.6 F
Boheme Drive NB 5.4 5.7 2.0 6.7 2.4
SB 0.0 0.0 3.0 0.0 0.0
Memorial Drive SE 1.0 1.3 0.4 2.4 0.4
@ 0.6 D 0.9 F 0.5 F 1.9 F 0.9 F
Memorial Bend 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)

2015 P.M. Peak -- Existing 2016 P.M. Peak -- No Build 2016 P.M. Peak -- Build 2030 P.M. Peak -- No Build 2030 P.M. Peak -- Build
= = = c c = = c c = = c c = = c c = = c c
: S g > o '§>~ 2 g > g '-g>~ = 2 > = '§>~ 2 g > 2 '§>~ 2 S > e '-g>~ £
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£ =2 | 89 | 8% | 29 | &g | 89 | 28 | £9 | & | 89 | £g8 | €92 | &2 | &89 | £g | €92 | &8 | 8% | £g | 29
< 2t & g0 5} et I g0 o} 2t & g0 3 2t & g0 5} et I g0 3
A R AN - S IS A U S T A - S
EB 0.6 --- 1.1 --- 0.2 - 1.5 --- 0.3 ---
Memorial Drive WB 0.0 0.0 0.0 0.0 0.0
@ 0.7 E 6.7 F 1.5 F 4.8 F 3.8 F
Hollow Drive NB - - - T T - - - - T
SB 46.5 E 148.8 F 135.5 F 385.7 F 331.2 F
EB 0.0 --- 0.0 --- 0.0 --- 0.0 -- 0.0 ---
Memorial Drive WB 0.6 — 0.2 — 0.3 - 0.5 - 0.5 ---
@ 1.0 D 0.7 D 1.1 E 1.8 F 2.1 F
Somersot Place NB 26.3 D 33.6 D 38.8 E 66.3 F 79.9 F
SB
EB 0.0 --- 0.0 --- 0.0 --- 0.0 --- 0.0 ---
Memorial Drive WB 0.8 2.1 0.1 0.1 0.1
@ 0.9 E 2.2 F 0.6 E 1.0 F 1.0 F
Legend Lane NB 38.8 E 81.6 F 48.0 E 75.2 F 77.9 F
SB
EB 3.1 -—- 4.1 - 1.3 -—- 7.2 -—- 1.6 -
Memorial Drive WB 0.0 - 0.0 --- 0.0 --- 0.0 --- 0.0 -
@ 3.7 F 8.8 F 4.9 F 5.1 F 15.6 F
Tallowood Road 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 e TxDOT, 2014(a). Preliminary Design Schematic for SH 71 (100% Submittal). Produced by
Recommendations are based on the traffic operations analysis of existing and future conditions, as Atkins NA, Inc for TxDOT (sealed by Jerel L. Rackley, P.E. (#98771) on May 6, 2012.
well as mdu.stry accepted.access management practices. Af.ter analyzmg the existing and fu.tl.”e e TxDOT, 2014(b). Technical Provisions for SH 71 Toll Lanes from Presidential Blvd to East of
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 SH 130 (Design-Build Project Execution Version). August 29, 2014. 464 pp.

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. Gerrity of Lockwood, Andrews & Newnam with crash data at SH 71 (EBFR and WBFR) and

Presidential Boulevard. October 8, 2014.

e TxDOT (Traffic Operations Division) — Carol Thomas, 2014. E-mail message to Thomas

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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Circles. Presented at the Transportation Research Board National Roundabout Conference,
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e Trafficware. Synchro Studio 7 User Guide, 2006

e East-West Mobility Improvement Study. Lockwood Andrews & Newnam, Inc., 2006

e Highway Capacity Manual 2010. Transportation Research Board, 2011

e Traffic Impact Analysis City Centre V Office Building. Ward, Getz & Associates, LLP. November
2013.

e Texas Transportation Institute. 2011. Pedestrian and Bicycle Study: State Highway 71 — Del
Valle Area by Joan G. Hudson P.E. (Provided as part of the Technical Provisions).

e TxDOT, Traffic Operations Division. 2011. Traffic Signals Manual (revised April
2011). April, 1, 2011. 77 pp.

e TxDOT, Traffic Operations Division. 2012. 2011 Texas Manual on Uniform Traffic Control
Devices (revision 1). December 2012. 904 pp.
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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:
e Analyze Overland Flow Patterns
e Prepare and Evaluate Existing Drainage Area Maps
e Existing Conditions Analysis
e Drainage Impact Analysis
e Proposed System Analysis
e Improvement Option Cost Estimates
e Proposed Conditions Storm Sewer Drainage Area Map Sheets

e 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
While

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

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

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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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
The roadside

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

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

The 2-year and 100-year hydrographs for

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
(see Table 5.1:

For the rest of the 2D surface

tailwater from W100 is modeled using a 2D Boundary Water Level Line.
Memorial Drive System Boundary Condition Elevations)
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

Peak WSEL
Location 2year 100 year
Beltway-8 Outfall 55.51 67.45
W153 Outfall 54.47 66.40
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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 assighments 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
The 100-year WSEL gets above inlet/EOP

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

southeasterly direction towards W153.

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:

e 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
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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
Flow from W153

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

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

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

5.5

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.

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
With this

in mind it was proposed that the proposed vertical alighment be maintained at existing as much

W153 upstream of Memorial or conveyed by the enclosed W153 under Memorial.

as is possible given other geometric design constraints.

5.6

Three primary drivers were considered in the development of the proposed design.

Proposed System 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:

e 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.

e 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.
Detain increased runoff in the 2-10x10 RCB’s

Improve roadway drainage and attempt to

pick up as much off-site drainage as possible.

Lockwood, Andrews
&Newnam Inc.

ALEO A DALY COMPANY

1N

43

January 2016



Memorial Drive
Preliminary Engineering Report

ATHORTY |

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

Q
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is being considered by TIRZ 17.

solution currently being explored by TIRZ 17 to determine how the system operates with

Option 4 incorporates the sub-regional detention

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.
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 s
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

100-yr Peak Flow (cfs) 100-yr WSEL (ft)
Option Description M ial M ial
wis3N | emet@ \was3s | wissoF | wissn | oo e | wis3s | wis3oF
Crown Crown
Existing
Ex . 932 932 1087 1133 68.82 68.67 68.42 66.41
Conditions
Memorial Drive
1 Imbrovements 921 865 1070 1136 68.72 68.57 68.31 66.42
P Only (-11) (-67) (-18) 3) (-0.10) | (-0.10) | (-0.11) (0.00)
952 890 1186 1276 68.77 68.60 68.34 66.39
2 Add 9'x9’ RCB
(21) (-42) (99) (143) (-0.06) (-0.07) (-0.08) (-0.02)
3 Raise Roadway 573 243 764 985 70.30 66.98 66.61 66.43
Profile (-358) (-689) (-323) (-147) (1.47) (-1.69) (-1.81) (0.02)
4 Regional 764 627 700 1061 68.55 68.40 68.40 66.42
Detention (-167) (-305) (-387) (-72) (-0.28) (-0.27) (-0.01) (0.01)
Regional
5 Detention Add 800 732 593 1114 68.57 68.42 68.18 66.40
9'x9’ RCB (-131) (-200) (-494) (-18) (-0.26) (-0.25) (-0.24) (-0.02)
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Table 5.3: Alternative Comparison Results Matrix

@%‘h "%4"%@ N 43

Option Description z‘é o ey 0 ,‘» 'a:bq ?ﬂ %%Q;. % 4& 5 4% 4&4,’
9 ‘,9‘, %@ ‘bj’ ’é/@':" ',@Q)ﬁf %6/‘%% %6/%%

1. 2-10'x10° RCB under Memorial
Memorial Drive |2, Maintain existing roadway vertical profile

1 Improvements 1/ 1/

Only

®
®
<
o
<

1. 2-10'x10" RCB under Memarial
2. Maintain existing roadway vertical profile
2 Add 9'x9" RCB |3, Add additional conveyance at W153 crossing 1/ 1/ X X \/ \/ X

1. 2-10'x10' RCB under Memorial
e e 2. Raise roadway vertical profile at W153

3 A 3. Add additional conveyance at W153 crossing %X v X v X X X

1. 2-10'%10° RCB under Memorial
2. Maintain existing roadway vertical profile

Regional
4 5 . 3. Provide 135 ac-ft of sub-regional storage 1/ 1/ X X \/ \/ \/
Detention
1. 2-10'%10° RCB under Memorial
Regional 2. Maintain existing roadway vertical profile
5 | Detention Add |3. Add additional conveyance at W153 crossing 1/ 1/ X X \/ \/ \/

9'x9' RCB 4, Provide 135 ac-ft of sub-regional storage

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.

1N

Lockwood, Andrews
&Newnam Inc.

ALEO A DALY COMPANY

47

January 2016



Memorial Drive
Preliminary Engineering Report

o+

Table 5.4: Memorial Drive Outfall Discharges
2year 100 year
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

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.
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6.1

6.0 Public and Private Utilities Assesment and Recommendations

Design Criteria

The design criteria for the water lines along Memorial Drive are based upon the following:

6.2

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

latest edition.

e 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.

e 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.

e Input from City of Houston Waste Water department personnel

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
8-inch diameter steel water line: Placed in service in 1995 at Hollow Drive.
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 alighment 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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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 Il design will commence upon approval of the recommended project by the City and TIRZ 17.
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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 |S 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 |S$ 7.00 S 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 S 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
General Items Subtotal S 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

Storm Items Subtotal

$8,940,321.00 |




MEMORIAL DRIVE MOBILITY AND DRAINAGE IMPROVEMENTS PROJECT
CONSTRUCTION COST ESTIMATE

(PER)
Water

42 02511 8" Water line by Trenchless LF 364 S 120.00 | $ 43,680.00
43 02511 8-inch diameter DIP water line by trenchless construction with restrained joints LF 283 S 180.00 | $ 50,940.00
44 02511 12" Water line by Trenchless LF 88 S 130.00 | $ 11,440.00
45 02511 16-inch diameter water line by trenchless construction LF 92 S 300.00 | $ 27,600.00
46 02511 16-inch diameter DIP water line by trenchless construction with restrained joints LF 159 S 350.00 | $ 55,650.00
47 02513 8-inch Wet Connection EA 8 S 2,000.00 | $ 16,000.00
48 02513 12-inch Wet Connection EA 2 S 2,500.00 | $ 5,000.00
49 02513 16-inch Wet Connection EA 3 S 3,400.00 | $ 10,200.00
50 02516 6-inch cut, plug and abandon EA 4 S 800.00 | $ 3,200.00
51 02516 8-inch cut, plug and abandon EA 13 S 1,000.00 | $ 13,000.00
52 02516 12-inch cut, plug and abandon EA 2 S 1,200.00 | $ 2,400.00
53 02516 16-inch cut, plug and abandon EA S 1,600.00 | $ 4,800.00
54 02520 Fire hydrant assembly, all depths, including 6-inch diameter gate valve and box EA 10 S 5,000.00 | $ 50,000.00
55 02520 6-inch diameter fire hydrant branch by open-cut LF 77 S 80.00 | S 6,160.00
56 02520 Remove and Salvage Existing Fire Hydrant EA 4 S 450.00 | $ 1,800.00
57 02525 16-inch by 6-inch diameter tapping sleeve and valve with box EA 7 S 6,000.00 | $ 42,000.00
58 02525 16-inch by 8-inch diameter tapping sleeve and valve with box EA 6 S 6,500.00 | $ 39,000.00
59 01270 Water Meter Easement & Meter Station EA 1 $ 35,000.00 | $ 35,000.00

Water Items Subtotal S 417,870.00

Sanitary

60 02082 Precast Standard Sanitary Manhole EA 9 S 5,200.00 | $ 46,800.00
61 02082 Precast Standard Force Main Manhole EA S 7,000.00 | $ 7,000.00
62 02531 4-inch Sanitary Sewer (Open Cut) LF 10 S 100.00 | $ 1,000.00
63 02531 Remove & Dispose of Existing 4" Sanitary Sewer LF 10 S 15.00 | $ 150.00
64 02531 6-inch Pressure Rated FM (by trenchless) LF 235 S 250.00 | $ 58,750.00
65 02531 Remove & Dispose of Existing 6-inch Pressure Rated Sanitary Sewer LF 235 S 15.00 [ $ 3,525.00
66 02531 6-inch Sanitary Sewer (Open Cut) LF 166 S 130.00 | $ 21,580.00
67 02531 Remove & Dispose of Existing 6" Sanitary Sewer LF 166 S 15.00 | $ 2,490.00
68 02531 8-inch Sanitary Sewer (Open Cut) LF 445 S 150.00 | $ 66,750.00
69 02531 Remove & Dispose of Existing 8" Sanitary Sewer LF 445 S 15.00 | $ 6,675.00
70 02531 10-inch Sanitary Sewer (Open Cut) LF 406 S 175.00 | $ 71,050.00
71 02531 Remove & Dispose of Existing 10" Sanitary Sewer LF 406 S 15.00 | $ 6,090.00
72 02531 12-inch Sanitary Sewer (Open Cut) LF 327 S 200.00 | $ 65,400.00
73 02531 Remove & Dispose of Existing 12" Sanitary Sewer LF 327 S 15.00 | $ 4,905.00
74 02531 24-inch Sanitary Sewer (Open Cut) LF 84 S 300.00 | $ 25,200.00
75 02531 Remove & Dispose of Existing 24" Sanitary Sewer LF 84 S 20.00 | S 1,680.00
76 02531 Remove and Dispose Sanitary Manhole EA 9 S 500.00 | $ 4,500.00

Sanitary Items Subtotal S 393,545.00




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 S 168,696.00
79 02221 Remove and Dispose of Driveways (all materials,all thicknesses) Sy 4,614 | S 5.00|$ 23,070.00
80 02221 Remove and Dispose of Sidewalks (all materials,all thicknesses) Sy 3,344 | S 6.00 S 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 |$ 150 | $ 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]|S 154,624.00
85 02336 Lime for Lime Stabilized Subgrade Ton 625 S 175.00 | $ 109,375.00
86 02754 7 inch High Early Strength concrete Driveway, including excavation and base SF 3,351 |$ 850 (S 28,483.50
87 02751 11-inch reinforced concrete pavement Sy 29,451 | S 60.00 | S 1,767,060.00
88 02752 Board Expansion Joint with Load Transfer Device LF 4,000 |$ 11.00 | S 44,000.00
89 02752 Horizontal Dowels, all lengths EA 40 S 10.00 | $ 400.00
90 02752 Saw-cut concrete pavement(all depths) LF 400 S 12.00($ 4,800.00
91 02775 ADA Accessible Wheelchair Ramps SY 180 S 250.00 | $ 45,000.00
92 02775 ADA Detectable Warning Pavers EA 18 S 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 S 2.00 | $ -

Paving Items Subtotal S 3,428,333.50




MEMORIAL DRIVE MOBILITY AND DRAINAGE IMPROVEMENTS PROJECT
CONSTRUCTION COST ESTIMATE

(PER)
Traffic Signal - Beltway 8

95 416 DRILL SHAFT (TRF SIG POLE) (24 IN) LF 66 $130.00 S 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 S 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 S 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 S 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 S 2,250.00
104 620 ELEC CONDR (NO. 4) INSULATED LF 1,600 $1.60 S 2,560.00
105 624 GROUND BOX TY D (162922) W/APRON EA 11 $1,500.00 S 16,500.00
106 680 INSTALL HWY TRF SIG (SYSTEM) EA 1 $5,000.00 S 5,000.00
107 Optical Detector Unit EA 6 $625.00 S 3,750.00
108 Phase Selector EA 1 $2,300.00 S 2,300.00
109 Optical Detector Cable LF 3,000 $1.80 S 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 S 2,700.00
112 Battery Backup System EA 1 $5,700.00 S 5,700.00
113 WIMAX EA 1 $4,500.00 S 4,500.00
114 6007 REMOVING TRAFFIC SIGNALS EA 1 $3,500.00 S 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 S 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 S 700.00
122 682 PED SIG SEC (LED) (COUNTDOWN) EA 16 $460.00 S 7,360.00
123 682 BACK PLATE (12 IN) (3 SEC) ALUM EA 21 $76.00 S 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 S 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 S 9,400.00
128 686 INS TRF SIG PL AM(S) 1 ARM (36') EA 1 $5,000.00 S 5,000.00
129 686 INS TRF SIG PL AM(S) 1 ARM (48') EA 1 $6,500.00 S 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 S 9,900.00
132 6002 VIVDS PROCESSOR SYSTEM EA 1 $8,000.00 S 8,000.00
133 6002 VIVDS CAMERA ASSEMBLY EA 6 $1,500.00 S 9,000.00
134 6002 VIVDS COMMUNICATION CABLE (COAXIAL) LF 1,900 $2.00 S 3,800.00
135 8835 PED DETECT PUSH BUTTON (APS) EA 14 $1,600.00 S 22,400.00

Traffic Signal - Beltway 8 Items Subtotal S 279,901.00




MEMORIAL DRIVE MOBILITY AND DRAINAGE IMPROVEMENTS PROJECT
CONSTRUCTION COST ESTIMATE

(PER)
Traffic Signal - West Bough/Broken Bough
136 02465 Drill Shaft (TRF SIG Pole) (24 IN) LF 24 $130.00 S 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 S 5,000.00
139 02582 30' Traffic Signal Pole EA 1 $5,500.00 S 5,500.00
140 02582 35' Traffic Signal Pole EA 1 $6,000.00 S 6,000.00
141 02582 40' Traffic Signal Pole EA 1 $6,800.00 S 6,800.00
142 02582 PED Pole Assembly EA 4 $900.00 S 3,600.00
143 02893 Traffic Signal Construction EA 1 $2,500.00 S 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 S 2,000.00
146 02893 Remove Traffic Signal Pole Assm EA 4 $500.00 S 2,000.00
147 02893 Electrical Service (UL Type 3R) EA 1 $4,000.00 S 4,000.00
148 16710 Traffic Signal Pull Box, Type B EA 3 $850.00 S 2,550.00
149 16710 Traffic Signal Pull Box, Type C EA 1 $1,500.00 S 1,500.00
150 16711 2" (Trench) Conduit PVC (SCHD 80) LF 200 $10.00 S 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 S 3,000.00
153 16711 4" (Trench) Conduit PVC (SCHD 80) LF 100 $14.00 S 1,400.00
154 16711 4" (Bore) Conduit PVC (SCHD 80) LF 600 $19.00 S 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 S 1,050.00
157 16715 Veh Sig Sec (12 IN) INC (FLASH YEL ARW) LED EA 4 $175.00 S 700.00
158 16715 Veh Sig Sec (12 IN) INC (RED ARW) LED EA 6 $175.00 S 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 S 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 S 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 S 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 S 1,120.00
167 16720 Trf Sig Cbl (TY A) (14 AWG) ( 7 CONDR) LF 1,200 $1.50 S 1,800.00
168 Video Detection Cable LF 600 $2.00 S 1,200.00
169 16720 Elec Condr (NO. 8) Bare LF 1,400 $0.90 S 1,260.00
170 Video Detection System EA 1 $8,000.00 S 8,000.00
171 Video Detection Camera EA 4 $1,500.00 S 6,000.00
172 16720 Signal Power (NO. 4 THHN) LF 100 $2.00 S 200.00
173 16724 Optical Detector Unit EA 4 $625.00 S 2,500.00
174 16724 Phase Selector EA 1 $2,300.00 S 2,300.00
175 16724 Optical Detector Cable LF 600 $1.80 S 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 S 2,700.00
178 16732 Battery Backup System EA 1 $5,700.00 S 5,700.00
179 16734 WIMAX EA 1 $4,500.00 S 4,500.00
180 16750 Audible Pedestrian Signal Units EA 8 $1,600.00 S 12,800.00
Traffic Signal - West Bough/Broken Bough Items Subtotal S 188,499.00
Signing and Pavement Markings
Signing and Pavement Markings Items Subtotal LS S 40,000.00
Lighting

181 Remove Exist. Pole & Light EA 0 S 150.00 | $ -
182 Proposed Poles & Light EA 48 S 4,000.00 | $ 192,000.00

183 Proposed Light on Existing Poles EA 0 S 2,000.00 | $ -
Lighting Items Subtotal S 192,000.00
SUBTOTAL $ 15,122,169.50
15% Contingency $  2,268,325.43
TOTAL $ 17,390,494.93
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PROP_TYP, "C"MH #MH25
STA 3;-20.700 22.7'LT

BENCHMARK:

CITY OF HOUSTON MONUMENT ____—____,

A BRASS DISK IN CONCRETE, LOCATED ON
MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH
OF OLD OAKS DRIVE INTERSECTION.

ELEV. 67.80 FEET NAVD 1988
(CORS96) (GEOID ’12A)*

* OBSERVED BY GPS SURVEYING AND PROCESSED
IN REFERENCE TO THE CORS
DATED DECEMBER 17,2014.

&=

PROP_TYP, "BB"INLET #8132
STA 4+70.13, 34'LT
TC = T2.11

PROP_TYP. "C"MH #MH23
STA 4+70.13, 23.5' LT
TR = T1.82

BLOCK 1
MEMORIAL SECTION

1 | (N s
: | | WAL |
] SIRIEITAN .
a : i \l ; : ©
g 7 — = i
- 3 <Dn: — & p >
- Z PROP_24"LEAD -
Y — - ~ (TO REMAIN) - Y | L"b'
- * W o ST |5
= o< e PROP 24"RCP TO GRADE . PROP
B Ho.w) BL MEMORIAL DR. G v
I H.§.D.R
b = 3 5| 106, MEMORI AL DRIVE w00/ o A7)
® - ! i i - ===
. .  © 3 8
—A D> z —— —_— J;
' <€ ]
= 3 i PROP 10'x10’ RCB d <
— DB e g — e S
: g nc. sidewglk ’ m
— : B P
| ; —< or (REMOVE) erist 1Y D) ] %
S —— = e iwan 5 P | S
- I u
777%7#mg77 \,—T‘T\F Z
]—H—H ) -
! I
= j e
: 3

off. light w/col
~me T

BLOCK 2
MEMORIAL BEND SECTION

PROP_TYP. "C"MH ON BOX_ #MH22

STA 4+70.13, I18'RT
TR = 71.93

PROP_TYP."BB"INLET #B|3I
STA 4+70.13, 34'RT
TC = T2.11

PROP 24" LEAD

NOTES:
1.ALL RCP ARE CLASS III UNLESS OTHERWISE
NOTED.

2.SEE_STORM SEWER LATERALS SHEETS FOR

STA 3+20.00,
TR = 72.66

PROP_TYP, "C" MH ON BOX #MH24
18'RT

" MORE ™~ INFORMAT ION.

3.SEE WATER & SAN SWR SHEETS FOR MORE
INFORMATION.

4. PROPOSED HGL CALCULATED FOR POST-PROJECT
CONDITIONS USING NFOWORKS SD.

5. SEE_ROADWAY HORIZONTAL GEOMETRY SHEETS FOR
MORE INFORMATION.

LEGEND:

I:> EXISTING TRAFFIC FLOW

mmmp PROPOSED TRAFFIC FLOW
0 10 20 40
e e ey —
(IN FEET)
1 INCH = 20 FEET

PRIVATE UTILITY LINES SHOWN

Date:

CENTERPOINT ENERGY/UNDERGROUND

LECTRICAL FACIIJTIES VERIFICA'HON ONLY.
INDERGROUND FAGILITIES — NOT TO BE

I.IIII Fm OWFLICT VE‘FICA“EN) SGMNRE VALD FOR SIX MONTHS.

Date:

CENTERPOINT ENERGY/NATURAL GAS

FACIIJ11ES VERIFICA110N ONLY
(1'H T YOU HAVE slam mP NATlRAL GAS

LINES OORREGTL DT TU E USED FOR CONFLI ION.)
(GAS SERVICE IJNES ARE NOT SHOWN.) SIGNATURE VAIJD Fm SX MONTHS.

Date:
Approved for AT&T Texas/SWBT underground

conduit_facilities only.
SIGNATURE VALID FOR ONE YEAR

10: 16: 44 AM ICCarrillo

10/9/2015

INTERIM REVIEW ONLY

Document incomplete: not intended
for permit, bidding or construction.
Engincer: BRIAN R. WHITNEY MUHAMMAD ALl
P.E. Serial No. 81591 98146
Firm:_LOCKWOOD, ANDREWS & NEWNAM, INC.
Firm No.._F—2614

Date:_10/9/2015

MEMORIAL CITY
REDEVELOPMENT AUTHORITY

Lockwood, Andrews
& Newnam,Inc.

A LEO A DALY COMPANY

12N

MEMORI AL DRIVE
N-T17000-031B-4
PLAN

PVMT & STM SWR IMPROVEMENTS
BEGIN PROJECT TO STA 5+00
SHEET 1 OF 24

CITY OF HOUSTON
DEPARTMENT OF PUBLIC WORKS AND ENGINEERING

— —
WATER WASTEWATER TRAFFIC

ST. & BRIDGE STORMWATER swo

6. SEE STORM_SEWER HORIZONTAL GEOMETRY SHEETS
FOR MORE INFORMATION.

T.ALL EXISTING STORM SEWER TO BE_REMOVED
UNLESS SHOWN OTHERWISE. MAINTAIN
DRAINAGE DURING CONSTRUCTION.

@ SEE DRIVEWAY TABULATION & DETAILS SHEET

FACILITY
FILE NO=

CITY DWG NO.

DRAWING SCALE:

VERT: 1"=4’
HORZ: 1"=40'

SHEET:

OF XX

ci\projectwise\iccarri||o\d@254550\ 024 -PR-RDWY @1.dgn
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ICCarrillo

10: 20: 35 AM

76
£
~cl-rpvmt «%
/ h
/ - e STA = 7
s—row == — — 0 — FEL =
% AN&S) — I — (=)0.407% (N&S)— e = ) SN S— B B
= ———— |
s—cuft ‘:‘ '{77 . 72
(TenterPoint Energy L exist. 18” <in B L —
t" ip stl gas ljne® . : : e -exj
f (oppro elev.) ] 0 10 20 40
) 1 e = S S 70 e s ™ e E—
(IN FEET)
1 INCH = 20 FEET
68 PRIVATE UTILITY LINES SHOWN
— Date:
CENTERPOINT ENERGY/UNDERGROUND
66 LECTRICAL FACILITIES VERIFICATION ONLY.
IE SIGNATURE VARIFIES EXISTNG UNDERGROUND FACILUTIES — NOT TO BE
USED FOR CONFLICT VERFICATION.) SIGNATURE VALID FOR SIX MONTHS.
Date:
64 CENTERPOINT ENERGY/NATURAL GAS
FACILITIES VERIFICATION ONLY.
(THIS SIGNATURE VERIFIES THAT YOU HAVE SHOWN CNP NATURAL GAS
LINES CORRECTLY — NOT TO BE USED FOR CONFLICT VERIFICATION.)
(GAS SERVICE LINES ARE NOT SHOWN.) SIGNATURE VALID FOR SIX MONTHS.

62 Date:
Approved for AT&T Texas/SWBT underground

conduit_facilities only.
SIGNATURE VALID FOR ONE YEAR

10/9/2015

INTERIM REVIEW ONLY

/ﬂ) 7 7 - 6

60 Document incomplete: not intended
n&s) for permit, bidding or construction.
o Engincer: BRIAN R. WHITNEY MUHAMMAD ALl
sy B s , / PE. Serial No.81591 98146

PROF 10 LF 2-10/x10° RCH PROP 150 LF 10’x10" RCB PROP 130 LF 10’x10’ RCE 58 Firm:_LOGKWOOD, ANDREWS & NEWNAM, INC.

@O 10% @0. 10% @®0. 10% Firm No.._F=2614

3+10.00 Date:_10/9/2015

STA 3+10. ,\
56

MEMORIAL CITY

MATCHLINE LINE STA 5+00 SEE SHEET 4 OF 24

REDEVELOPMENT AUTHORITY

54 Q Lockwood, Andrews
& Newnam,Inc.
\ = 52.95 A LEO A DALY COMPANY

)

A 2 Y P 2 o= m & R 7 at — 2
o o o o o o ci/ o S /zil/ / cj/ [ G/ MEMORI AL DRIVE
h ~ b b *~ b " . R 4 52 N-Tll;lgglgl-l_oESIB-4
3+p0 i 4+p0 5 PVMT & STM SWR IMPROVEMENTS
BEGIN PROJECT TO STA 5+00
.|- 50 SHEET 2 OF 24
CITY OF HOUSTON
nAn DEPARTMENT OF PUBLIC WORKS AND ENGINEERING
PROP_TYP C*MH ON BOX *MHZ24 PROP_TYP_"C" MH_ON BOX_#MH22 T e
STA 3+20.00
10’XI10'RCB E = 53.13 (E) o'X10'REB £ _STSAZ g;’g_:':,g
24"E = 60.16 (N) = 52,98/ (E, 48
247 = bL.AG | (N,S) ST. & BRIDGE STORMWATER swa
FACILITY
FILE NO«
DRAWING SCALE: e e
VERT: 1"=4
HORZ: |"=40"
SHEET:
1+00 2+00 3+00 4+00 5+00 OF XX

ci\projectwise\iccarri | |o\dd254550\ 024 -PR-RDWY ©2. dgn



PROP TYP.'BB"INLET #B|30
STA 6+26.00, 34'LT
TC = 71.97

PROP TYP.'C"MH #MH26
STA 6+26.00, 23'LT
TR = 69

PROP_TYP. "C"MH _#MH43

PROP 6" CURB (TYP)

PROP 6’ SIDEWALK

PROP TYP.'BB"IN

STA 8+50.00, 34'L
TC = T1.41

PROP _TYP, "C" MH #MH27
STA 8+50.00, 22.2'LT
TR = TI.15

"2,

=
| ]
< s e ey ) N N N W
o) i e =
% ,—,—’ ’—’_::::______.— - PROP 24 7LI::A[?7 - A
- _— B - - — -
’ \<’ _——" N s - < (TO
—c : R (. _ RE ]
“ — e = - PROP 24"RCP PEMAIN)
\\:\ PROP R BL MEMORIAL DR. |/ P
N @ —1" / MEMORIAL DRIVE
ui\ (o REMAIY — -/ oo / . 8+00
;) _ " 6+00 e S /, _________ R
w — e __,—-"'"" j P e b T
) ,”;_____\.;-;'5"" o e s I ————
NP - L. ——_—— 5 — —
o = - e ;p —) PROP 24"LEAD [
= — = /10" RCB _g IR —==
N e
) G = Y- I [——
= P— ——— \ A\, (REMOVE) . ) 1
- T e T VT A - 4 i ettt ot B——— , 3
% T e ) e A SR o - e v |3
- ——— 1~ LEXLST ROW -
# {Twee ) y
2\ e S
" (&)
Z\ ; W (S IR
S\ ) ‘ 3 SR R S
5 : % g : 5 3 2 & =
‘2 ‘ : 3 PROP 10’ SIDEWALK
=

PROP_TYP.'"C"MH ON BOX #MH2I
STA 6+26.,00, I8'RT
TR = T1.79

PROP TYP.'BB"INLET #B129
STA 6+26.00, 29.7'RT
TC = 71.97

STA 7+06.33, 6.5'RT
TR = T1.87

PROP_TYP.'C"MH ON BO

X_#MH20

PROP_TYP."C"MH ON BOX #MHI9
STA 8+50.00, 19.25'RT
TR = Tl.21

PROP TYP.'BB"INLET #B|26
STA 8+50.00, 34'RT
TC = 71.41

NOTES:
.ALL RCP ARE CLASS III UNLESS OTHERWISE
NOTED.

2.SEE_STORM SEWER LATERALS SHEETS FOR
MORE INFORMATION.

3.SEE WATER & SAN SWR SHEETS FOR MORE
INFORMATION.

4. PROPOSED HGL CALCULATED FOR POST-PROJECT
CONDITIONS USING NFOWORKS SD.

5.SEE_ROADWAY HORIZONTAL GEOMETRY SHEETS FOR
MORE INFORMATION.

6.SEE STORM_SEWER HORIZONTAL GEOMETRY SHEETS
FOR MORE INFORMATION.

T.ALL EXISTING STORM SEWER TO BE_REMOVED
UNLESS SHOWN OTHERWISE. MAINTAIN
DRAINAGE DURING CONSTRUCTION.

@ SEE DRIVEWAY TABULATION & DETAILS SHEET

BENCHMARK:

CITY OF HOUSTON MONUMENT ____—____,

A BRASS DISK IN CONCRETE, LOCATED ON
MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH
OF OLD OAKS DRIVE INTERSECTION.

ELEV. 67.80 FEET NAVD 1988
(CORS96) (GEOID ’12A)*

* OBSERVED BY GPS SURVEYING AND PROCESSED
IN REFERENCE TO THE CORS
DATED DECEMBER 17,2014.

LEGEND:

I:> EXISTING TRAFFIC FLOW

mmm) PROPOSED TRAFFIC FLOW

¢] 10 20 40

e e e —
(IN FEET)

1 INCH = 20 FEET

PRIVATE UTILITY LINES SHOWN

Date:

CENTERPOINT ENERGY/UNDERGROUND
LECTRICAL FACILITIES VERIFICATION ONLY.
E SIGNATURE VARIFIES EXISTNG UNDERGROUND FAGILITIES — NOT TO BE
USED FOR CONFLICT VERFICATION.) SIGNATURE VALID FOR SIX MONTHS.

Date:
CENTERPOINT ENERGY/NATURAL GAS
FACILITIES VERIFICATION ONLY.
(THIS SIGNATURE VERIFIES THAT YOU HAVE SHOWN CNP NATURAL GAS
LINES CORRECTLY — NOT TO BE USED FOR CONFLICT VERIFICATION.)
(GAS SERVICE LINES ARE NOT SHOWN.) SIGNATURE VALID FOR SIX MONTHS.

Date:

Approved for AT&T Texas/SWBT underground

conduit_facilities only.
SIGNATURE VALID FOR ONE YEAR

INTERIM REVIEW ONLY

Document incomplete: not intended
for permit, bidding or construction.
Engincer: _BRIAN R. WHITNEY MUHAMMAD AU
P.E. Serial No. 81591 98146
Firm:_LOCKWOOD, ANDREWS & NEWNAM, INC.
Firm No.._F—2614

Date:_10/9/2015

MEMORIAL CITY
REDEVELOPMENT AUTHORITY

Q Lockwood, Andrews
& Newnam,Inc.
A LEO A DALY COMPANY

MEMORI AL DRIVE
N-T17000-031B-4
PLAN

PVMT & STM SWR IMPROVEMENTS
STA 5+00 TO STA 9+00
SHEET 3 OF 24

CITY OF HOUSTON
DEPARTMENT OF PUBLIC WORKS AND ENGINEERING

— —
WATER WASTEWATER TRAFFIC

ST. & BRIDGE STORMWATER swo

FACILITY
FILE NO=

CITY DWG NO.

DRAWING SCALE:

VERT: 1"=4’
HORZ: 1"=40'

SHEET:

OF XX

10: 21: 35 AM ICCarrillo

10/9/2015
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8

ICCarrillo

10: 22: 55 AM

10/9/2015

16
STA
EL = 6+26.00 74
s tzoot oo b L sTA=85000
D B — ) EL = Tlal
o - N _l - ~s—curb
3 (+)0,40% (N&S) (058 (N&S) - - -— 8 72
I - (=)0.58% (N&S) (+)0.40% (N&S
o 10O
] e “exist. 18" stmn —exist, 18" sim st. 18] stm| o 10 20 40
o~f ) © R — — —
- e T B S — — S W I [ E—— S — 0 |- (IN FEET)
'-I-' A '-I-' 1 INCH = 20 FEET
(] (]
% a 68 PRIVATE UTILITY LINES SHOWN
w . S s i A i [TY
) /// /—( ///// / 7 s Z Z Z ‘/ w Date:
w wv CENTERPOINT ENERGY/UNDERGROUND
] L b 66 LECTRICAL FACILITIES VERIFICATION ONLY.
2 IE SIGNATURE VARIFIES EXISTNG UNDERGROUND FACILTIES — NOT TO BE
[= o ] 1 B I o USED FOR CONFLICT VERFICATION.) SIGNATURE VALD FOR SIX MONTHS.
? \ exist. 42" stm~ - | N . i — - — - —t - L _ -~ o | ?
© 6" ci water® “exist. 16" ci water® - —— \ B Date:
o - - N @ th lead o orist 9] el wolerg Py b s e CENTERPOINT ENERGY/NATURAL GAS
_ — — e — —— - 64 FACILITIES VERIFICATION ONLY,
< > — — — — = — — — — — — - - n - - < (THIS SIGNATURE VERIFIES THAT YOU HAVE SHOWN CNP NATURAL GAS
= —7 77 p — = D SV e M P S o St v
w / Z f B _/ AV < . (V2]
w ‘\ w ot
zZ A \ A \ 2 62 Approved for AT&T Texas/SWBT underground
3 S S o v
% % INTERIM REVIEW ONLY
0 Document incomplete: not intended
| | for permit, bidding or construction.
5 \ / 6 Engineer: BRAN R. WHITNEY MUHAMMAD AU
P.E. Serial No.81591 98146
:; PROP 156 LF 10’x10’ RCB PROP 80.5 LF 10’x10’ RCB PROP 143.5 LF 10’x10’ RCB \ PROP 125 LF 10'x10’ RCB - : 58 o LOOKHO0D. ANDREWS. & NEWNAW, NG,
= @0. 10% L 10% 0. 10% @0, 10% = Firm No.. F=2614
Date:_10/9/2015
56 MEMORIAL CITY
REDEVELOPMENT AUTHORITY
54 Q Lockwood, Andrews
£ = 52.99 & Newnam,Inc.
* \ E—_ 52 55 A LEO A DALY COMPANY
= 2 2 2 x 2 g X 8 2 2 8 3 3 T 3 5 g 2 R
<'|/ csa/ cg'/ o (] $ 4 o N q v 9 \ m -+ o zom " o MEMORIAL DRIVE
c £ 2 ; & s R ; S s A A & K e ; S s A 4 I 52 N-TI ;38%-&3 IB-4
o 6+00 7+0C 8+00 PVMT & STM SWR IMPROVEMENTS
- | | STA 5400 TO STA 9+00
'|' 50 SHEET 4 OF 24
CITY OF HOUSTON
DEPARTMENT OF PUBLIC WORKS AND ENGINEERING
PROP_TYP "C"MH ON BOX #MH2| PROP_TYP 'C"MH ON BOX #MH20 uen
STA 6+26.00 STA T+06.33 PROP TYP "C"MH ONSTBAOX8+‘5"(‘)H(;8
10’X10/RCB_E = 52.83 (E,W) 10’X10’'RCB K. = 52,75 (E,W) loretamer e — & hPrariiv 48
24"E = 60.32 (N.S) 24" = 60.24 (N.S) IO"ATUO r(léz"E ; gé.tlng \(I":l.vsv; ST. & BRIDGE STORMWATER swo
FILE NO. e
DRAWING SCALE o
VERT: 1"=4"
HORZ: 1"=40’
SHEET:
5+00 6+00 T+00 8+00 9+00 OF XX

ci\projectwise\iccarri | |o\dB254550\ 024 -PR-RDWY 04. dgn




PROP 6" CURB (TYP)

PROP_TYP, "C"MH #MH45

PROP_TYP, "C" MH #MH44
STA 10+11.80, 21.6'LT
TR = 71.61

PROP_TYP, "C"MH ON BOX #MHT75
STA 11+50.00, 19.6'RT
TR = 70.99

PROP TYP."BB"INLET #B139
STA 12+80.63, 34 RT
TC = 71.20

STA 11+95.10, 21.8°LT
TR = 70.73

PROP 6’ SIDEWALK

PROP TYP, "BB"INLET #B123

STA 12+80.63, 34'LT
TC = 70.58

PROP _TYP, "C"MH #MH7I|
STA 12+80.63, 21.7'LT
TR = 71.05

PROP_TYP, "C"MH ON_BOX #MH|6
STA 12+80.63, 8.4'RT
TR = 70.59

N ‘ . “———“"___“\ ) /I \ B 2 o
e} ' N ) ;
' === 7 ~ —— ===
" ;’—_.__’::———/ o - TREMOVE INLET) \§§
—_— - s — - - R Y ) N
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n (TO REMAIN) 3 - ‘ "
PROP 24" RCP =| =7 —BL MEMORIAL DR.11+00 ¥ MEMORIAL DRIVE T ————
\-\_“'\_\ A ' e 2400
(7w ) s L s N N et -

3 PROP 24" LEAD

| PROP TYP."C"MH ON BOX #MHI|7 ]
| STA 11+95.14, 19.6'RT 3
TR = 70.79

PROP 10’ SIDEWALK

PROP_TYP. "C"MH ON BOX *MH58
STA 97+I755|O 19.3'R

PROP_TYP."A"INLET #B150
STA 9+75.7IO 42.1'RT

PROP_TYP, "C"MH ON BOX #MHI8
STA 10+11.77, 6.5'RT
TR = 71.93

PROP TYP, "C"MH ON BOX #MHI6
STA 12+80.63, 19.6'RT
TR = 70.37

PROP TYP, "BB"INLET #B|22
STA 12+80.63, 34'RT
TC = 70.58

—— e =
19 T [m )‘(REMOVE) F._ --—-~§ ==
e ;AM i ‘_”;—t C e Remove—
i ’—‘~ z
ST ROW “*\

——

PROP 24" LEAD

NOTES:
1.ALL RCP ARE CLASS III UNLESS OTHERWISE
NOTED.

2.SEE_STORM SEWER LATERALS SHEETS FOR
MORE INFORMATION.

3.SEE WATER & SAN SWR SHEETS FOR MORE
INFORMATION.

. PROPOSED HGL CALCULATED FOR POST-PROJECT
CONDITIONS USING NFOWORKS SD.

. SEE_ROADWAY HORIZONTAL GEOMETRY SHEETS FOR
MORE INFORMATION.

.SEE STORM_SEWER HORIZONTAL GEOMETRY SHEETS
FOR MORE INFORMATIO

+ALL EXISTING STORM SEWER TO BE_REMOVED
UNLESS SHOWN OTHERWISE. MAINTAIN
DRAINAGE DURING CONSTRUCTION.

@ SEE DRIVEWAY TABULATION & DETAILS SHEET

N

(&)

o

~

BENCHMARK:

CITY OF HOUSTON MONUMENT ____—____,

A BRASS DISK IN CONCRETE, LOCATED ON
MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH
OF OLD OAKS DRIVE INTERSECTION.

ELEV. 67.80 FEET NAVD 1988
(CORS96) (GEOID ’12A)*

* OBSERVED BY GPS SURVEYING AND PROCESSED

IN REFERENCE TO THE CORS
DATED DECEMBER 17,2014.

LEGEND:
I:> EXISTING TRAFFIC FLOW

mmm) PROPOSED TRAFFIC FLOW

¢] 10 20 40
(IN FEET)
1 INCH =20 FEET

PRIVATE UTILITY LINES SHOWN

Date:

CENTERPOINT ENERGY/UNDERGROUND

LECTRICAL FACIIJTIES VERIFICA'ITON ONLY.
INDERGROUND FAGILITIES — NOT TO BE

I.IIII Fm OWFLICT VE‘FICA“EN) SGMNRE VALD FOR SIX MONTHS.

Date:

CENTERPOINT ENERGY/NATURAL GAS
EA‘CIIJ'HES VERIFICA'HON OYI&IJ.Y

HAVE S‘IOVM GIP NATlRAL GAS
LINES OORREGTL DT TU E USED FOR CONFLI ION.)
(GAS SERVICE IJNES ARE NOT SHOWN.) SIGNATURE VAIJD Fm SX MONTHS.

Date:

Approved for AT&T Texas/SWBT underground

conduit_facilities only.
SIGNATURE VALID FOR ONE YEAR

INTERIM REVIEW ONLY

Document incomplete: not intended
for permit, bidding or construction.
Engincer: BRIAN R. WHITNEY MUHAMMAD ALl
P.E. Serial No. 81591 98146
Firm:_LOCKWOOD, ANDREWS & NEWNAM, INC.
Firm No.._F—2614

Date:_10/9/2015

MEMORIAL CITY
REDEVELOPMENT AUTHORITY

Lockwood, Andrews
& Newnam,Inc.

A LEO A DALY COMPANY

12N

MEMORI AL DRIVE
N-T17000-031B-4
PLAN

PVMT & STM SWR IMPROVEMENTS
STA 9+00 TO STA 13+00
SHEET 5 OF 24

CITY OF HOUSTON
DEPARTMENT OF PUBLIC WORKS AND ENGINEERING

— —
WATER WASTEWATER TRAFFIC

ST. & BRIDGE STORMWATER

FACILITY
FILE NO=

CITY DWG NO.
DRAWING SCALE:

VERT: 1"=4’
HORZ: 1"=40'

SHEET:

OF XX
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< % \ AT @ 66 LECTRICAL FACILITIES VERIFICATION ONLY.
T " o B 4= IE SIGNATURE VARIFIES EXISTNG UNDERGROUND FACILUTIES — NOT TO BE
- /ﬂ ox. |elev.—/ [ lexist. [24" stm. i | USED FOR CONFLICT VERFICATION.) SIGNATURE VALID FOR SIX MONTHS.
wl N w
— DAV . | S N S w bote
% A A Z \ B ] L e [ I e - I = CENTERPOINT ENERGY/NATURAL GAS
A 3 “exist. 16° ol water@® (V2) 64 FACILITIES VERIFICATION ONLY,
hdid _ 6" F.nl lead— (THIS SIGNATURE VERIFIES THAT YOU HAVE SHOWN CNP NATURAL GAS
- — — — — — — - _ _ _ o - - u - - B w LINES CORRECTLY — NOT TO BE USED FOR CONFLICT VERIFICATION.)
w — L . . _ _ il - - \ N - - - B N | B B B B w (GAS SERVICE LINES ARE NOT SHOWN.) SIGNATURE VALID FOR SIX MONTHS.
] s
7] v e
\ X 1Y o 62 Approved for AT&T Texas/SWBT underground
o o conduit_facilities only.
o + SIGNATURE VALID FOR ONE YEAR
+
(2] 2 INTERIM REVIEW ONLY
< 60 Document incomplete: not intended
'_ < for permit, bidding or construction.
7)) 5 Engineer: BRIAN R. WHTNEY  MUHAMMAD AUl
P.E. Seriol No. 81591 98145
% w 58 Firm:_LOCKWOOD, ANDREWS & NEWNAM, INC.
-_ k X -4 Firm No.._F—=2614
| PROP| 75 LF 10’x10’ RCB L PROP 36.5 LF 10’x10’ RCB PROP 138 LF 10'x10’ RCB PROP 85.5 LF 10’x10’ RCB ] Date:_10/9/2015
@0. 10% @0. 10% R @0. 10% @0. 10%
L) [
< >4 56 MEMORIAL CITY
: PROP 45 LF 10°"x10" RCB PROP 19.5 LF 10’x10’ RCB _ pg
I @0. 10% @0. 10% i' REDEVELOPMENT AUTHORITY
O (3}
; - 54 Q Lockwood, Andrews
s § & Newnam,Inc.
; 3, T 2 2 2 2 ] 3 3 3 9 9 e g 8 5 T 3 2 i —
. . . . . . . = it i e - e Y 8 & 8 ) E = 52.15 MEMORIAL DRIVE
N ~ ~ I N ~ Vs s e ; = T T h 52 N-T17000-031B-4
Ve / PROFILE
O\ = 52.55 rere e 3 PVMT & STM SWR IMPROVEMENTS
- STA 9+00 TO STA 13+00
T T - - in 50 SHEET & OF 24
CITY OF HOUSTON
DEPARTMENT OF PUBLIC WORKS AND ENGINEERING
WATER WASTaATER TRAEC
PROP_TYP "C"MH ON BOX #MH58 PROP TYP "C"MH ON BOX #MHI8 e b
S ST5A2 257&% STA TO+F T PROP TYP 'C"MH OQNI_ABOIXIJM‘HZE gﬂngi'{Igs ?GMH ON BOX #MHIT 48 _
7 7] = R , Iolx |O'RCB IF_ = 52.44 (SE,NW) , , ~'=' LaIILELINE dvdddid ; ’T . _ ST. & BRIDGE STORMWATER
24"E = 59.97 (N,S) 24" = 59.94 (NE) 1010 RCBzf,, : ;52&%?0 éE-(VSg é 2")%2 RG%BoélL (—Ng)z.zs (SE,NW)
FILE NO= e
PROP_TYP "C"MH ON E CITY OWG o
STA 12+80.63 DRAWING SCALE:
10’X10’RCB E = 52,17 (SE,NW)
24" E = 65.08 (NE,SW VERT: |"=4’
HORZ: 1"=40’
SHEET:
9+00 10+00 11+00 12+00 13+00 OF XX
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PROP_TYP, "C" MH_#MH47
STA 15+36.70, 36.6'LT
TR = 70.36

PROP TYP, "C" MH_#MH46
%'RI'A_ 15+00.00, 66.8°LT

PROP_TYP, "C"MH #*A06 . "C"
%'RI'A_ I;la-fé%JE. 39.8LT §$2P I EISG.'%O.MEI’LQI'N BOX_TMHTO

TR = 70.33

STA 16+40.00, 34'LT

TC = 70.01

PROP 6" CURB (TYP) PROP 24"RCP

PROP 6’ SIDEWALK

&
il

_,' Y a
___..—-——"'"_1 -\ 2 / O (o]
o St - ~
el ———— 7
— - ——— —

-_— e t 24" s o

— (7o REMAIN) = o G
ADJUST MH

T e VEMORTAL |DRIVE

Y4+00
1

167 ci
2 R £ 3
= coblef . - TR TSRS S Lo~ 1 e == (REMOVE) ]
! m EXIST ROW i ‘,\‘ i
l Zz o 3
|
8’ sl \ | 107 ’ 5
@ g | | / 7 5
;; 7?‘777777 - —_t@ ||| / ) o
pel 7 : 2
=1 7 ; | j’ | 2

PROP_TYP, "C"MH ON BOX #MH14 PROP 24" LEAD

STA 16+40.00, 8'RT
TR = 70.53

PROP TYP."C"MH ON BOX #MH28
STA 15+25.00, I7.3'RT
TR = 70.50

PROP TYP, "C"MH ON BOX #MHI4
STA 16+40.00, I8'RT
TR = 69.83

PROP_TYP,"C"MH ON BOX #MHI|5
STA 14+25.00, I7.5RT
TR = 70.82

PROP_TYP, "C"MH ON BOX #MH8I
STA 15+45.00, 5.5°RT
TR = T1.25

PROP TYP, "BB" INLET #B|I9
STA 16+40.00, 34'RT
TC = 70.01

PROP 10’ SIDEWALK

-

N

W

N

(&)

~

PROP TYP, "BB" INLET #B|20

NOTES:

.ALL RCP ARE CLASS III UNLESS OTHERWISE
NOTED.

.SEE_STORM SEWER LATERALS SHEETS FOR

MORE INFORMATION.

. SEE WATER & SAN SWR SHEETS FOR MORE

INFORMATION.

. PROPOSED HGL CALCULATED FOR POST-PROJECT

CONDITIONS USING NFOWORKS SD.

. SEE_ROADWAY HORIZONTAL GEOMETRY SHEETS FOR

MORE INFORMATION.

. SEE STORM_SEWER HORIZONTAL GEOMETRY SHEETS

FOR MORE INFORMATION.

ALL EXISTING STORM SEWER TO BE REMOVED

UNLESS SHOWN OTHERWISE. MAINTAIN
DRAINAGE DURING CONSTRUCTION.

SEE DRIVEWAY TABULATION & DETAILS SHEET

BENCHMARK:

CITY OF HOUSTON MONUMENT ____—____,

A BRASS DISK IN CONCRETE, LOCATED ON
MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH
OF OLD OAKS DRIVE INTERSECTION.

ELEV. 67.80 FEET NAVD 1988
(CORS96) (GEOID ’12A)*

* OBSERVED BY GPS SURVEYING AND PROCESSED

IN REFERENCE TO THE CORS
DATED DECEMBER 17,2014.

LEGEND:
I:> EXISTING TRAFFIC FLOW

mmm) PROPOSED TRAFFIC FLOW

¢] 10 20 40
(IN FEET)
1 INCH = 20 FEET

PRIVATE UTILITY LINES SHOWN

Date:

CENTERPOINT ENERGY/UNDERGROUND
LECTRICAL FACILITIES VERIFICATION ONLY.
E SIGNATURE VARIFIES EXISTNG UNDERGROUND FAGILITIES — NOT TO BE
USED FOR CONFLICT VERFICATION.) SIGNATURE VALID FOR SIX MONTHS.

Date:
CENTERPOINT ENERGY/NATURAL GAS
FACILITIES VERIFICATION ONLY.
(THIS SIGNATURE VERIFIES THAT YOU HAVE SHOWN CNP NATURAL GAS
LINES CORRECTLY — NOT TO BE USED FOR CONFLICT VERIFICATION.)
(GAS SERVICE LINES ARE NOT SHOWN.) SIGNATURE VALID FOR SIX MONTHS.

Date:

Approved for AT&T Texas/SWBT underground

conduit_facilities only.
SIGNATURE VALID FOR ONE YEAR

INTERIM REVIEW ONLY

Document incomplete: not intended
for permit, bidding or construction.
Engincer: BRIAN R. WHITNEY MUHAMMAD ALl
P.E. Serial No. 81591 98146
Firm:_LOCKWOOD, ANDREWS & NEWNAM, INC.
Firm No.._F—2614

Date:_10/9/2015

MEMORIAL CITY

REDEVELOPMENT AUTHORITY
Lockwood, Andrews
& Newnam,Inc.

Ln A LEO A DALY COMPANY

MEMORI AL DRIVE
N-T17000-031B-4
PLAN

PVMT & STM SWR IMPROVEMENTS
STA 13+00 TO STA 17+00
SHEET 7 OF 24

CITY OF HOUSTON
DEPARTMENT OF PUBLIC WORKS AND ENGINEERING

— —
WATER WASTEWATER TRAFFIC

ST. & BRIDGE STORMWATER

FACILITY
FILE NO=

CITY DWG NO.

DRAWING SCALE:

VERT: 1"=4’
HORZ: 1"=40'

SHEET:

OF XX

10: 34: 20 AM ICCarrillo

10/9/2015
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ICCarrillo

1@: 35: 45 AM

10/9/ 2015

(8
| - | | _ | - (6
— - N\ STA = 14+75.54
N - : EL = 71.16 | <
NI= = —_— - \ ~N—10oW e N
L | el | - [ STA = 16+40.00 L 70
B — N §ilki= L2 I B I ) I R & EL = 70.01"
O 7T B T 0 — . ('4“‘:)*-3 370 N&S) Py (-)0.7 :)/°, N&S) 1 Jil “n—curb ( o
30% (N&S) = e S I ,
O )(+)0 ‘ L exist. 18" stm. IW axkt 1187 Isthn. 2 %Z B N [ Z 1 O —_——— ___“ (=)0.70¢ o © 0 L0 20 o0
| B —— ———— L L L it corow) | ]~ ————==l0% N&S) | (+)0.30% N&S)___ - 10| e ey —
Wl exist.| 87 stm. B ! r—— | [ , ’ o - (IN FEET)
! % M \ekist. 187 stm Z% | |/ efs) Pstm. / B dh o 7‘ { 5 | INCH = 20 FEET
| 1 R - , | exist.| 24"/ | VT —t N
nmIl 1 - . N 7 € A o stm | [ (n A LT’ - ?/1 V] i G’ A Al [ . %ig
_ e & o | 1\ — |~ |5 68 PRIVATE UTILITY LINES SHOWN
Ll AN mYr *,,j‘ N 5 PR %,; N 7f774ﬁ Lefist. 127 stm. ] 8" rcp- 18”7 req
L] ekist. 24 m. 187 rep exist. 247 stqh. exisl. 24 stm. i
Al a - exist. 24" stm R ﬁ
. B . T R ; - Date:
S 7 Fexist] 247 stm. exist. 247 dtm 8 CENTERPOINT ENERGY /UNDERGROUND
= fexas/sweT_/ AT&T TEXA BT 66 ELECTRICAL FACILITIES VERIFICATION ONLY.
\— Ve & — 474" P AR IR N I N I | I [ e 1 1 1 I O (THE SIGNATURE VARIFIES EXISTING UNDERGROUND FACILITIES — NOT TO BE
_I_ | fie  cable fiber of ﬂ‘ ble o USED FOR CONFLICT VERIFICATION.) SIGNATURE VALID FOR SIX MONTHS.
M) +
\
o / \_ataf felas/sweT U M~ Pate:
I R \_AT&T JEYAS/SWB u — CENTERPOINT ENERGY/NATURAL GAS
<] B | 84 fuqis€® 64 FACILITIES VERIFICATION ONLY.
Coviat a7 / (THIS SIGNATURE VERIFIES THAT YOU HAVE SHOWN CNP NATURAL GAS
I_ ISt 16| ¢ water® o < LINES CORRECTLY — NOT TO BE USED FOR CONFLICT VERIFICATION.)
U) \ I_ (GAS SERVICE LINES ARE NOT SHOWN.) SIGNATURE VALID FOR SIX MONTHS.
\
- e ) 7 (/)
LI-I exist. 6'® | Y Date:
E | water }% 4 . \ L 62 Approved for AT&T Texas/SWBT underground
] %’ & [ <+ Z conduit facilities only.
sludge—~ %\ — SIGNATURE VALID FOR ONE YEAR
force main 1
Lo -
= . 57 th. ledd L INTERIM REVIEW ONLY
: 1§ force mair = 60 Document incomplete: not intended
T \, —_— for permit, bidding or construction.
@) % il Frgineer: BRIAN \RIHWHITNEYU AMUHAMMAD ALl
— ’ Q b E Serial No 815988146 98146
i[ — 58 Firrm:__LOCKWOOD, ANDREWS & NEWNAM, INC.
= | B ‘ h , < Firm No. F—2614
° ° | / L | 2-10'%x10’ RCB @0. 10%
exisfr Q.75 waerl — —— — @0. 107
T Tt 18 wotale 56 MEMORIAL CITY
PROP 43.5 LF
PROP 20 LF 2-10'x10’ RCB REDEVELOPMENT AUTHORITY
10°"x10" RCB @0.10%
— PROP 100 LF @0. 10%
18" RCP =4 Q Ig‘ol\clzkwood, iAndrews
@0. 10% ewnam,incC.
9] (0} LO ~— M~ N (@)) LO — @] (02} LO — N~ M (0} 1@ ~— M~ @) C A LEO A DALY comPany
o £ -%2.15 ~ CO. ® > o o — — o ® I Ip T N T P P T 7 = 51.75 MEMORI AL DRIVE
f 2 ] e 2 2 2 = = = 2 2 ~ 2 2 2 e 2 2 2 : 59 N-T17000-03|B-4
PROFILE
I i inn’ i
a0 (4460 S | 6£00 s PVMT & STM SWR IMPROVEMENTS
B STA 13+00 TO STA 17+00
50 SHEET 8 OF 24
T — m CI'TY OF HOUSTON
DEPARTMENT OF PUBLIC WORKS AND ENGINEERING
PROP_TYP '"C"MH ON BOX 1¢r\/leJ LROP TYP "C"MH ON BOX #MHI4
STA [5+25.00 STA 16+40.00
PROP_TYP "C"MH ON BOX #MHI5 10'X10’RCB E = 51.92 (SF) 2-10'X10'RCB F = 51.81 (SE,NW) 48
STA_ 1442500 48" = 51.92 (NW) 24" = 64.25 (NE,SW)
|O’XI10'RCB £ = 52.02 (NW)
48" = 52,02 (SE) PROP TYP "C"MH ON BOX #MHS| PROP TYP "C"MH ON BOX #MHTO FAGILITY
STA 15+45.00 STA 15+396.70 FILE NO.
>-10'X 1 0'RCB E“ - 51.90 (.CSE) 2-10’XI10'RCB £ = 5].86 (SE,NW)
- . N 1" - CITY DWG NO.
10X 10'RCB K = 51.90 (NW) 2f"k = 64.20 (B) DRAWING SCALE:
8'’X8'RCB |E = 53.90 (N)
VERT: ["=4’
HORZ: ["=40'
SHEET:
| 3+00 1 4+00 |5+00 lo+00 | (+00 OF XX
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PROP TYP,"BB"INLET #B|I8
STA 18+25.00, 34'LT

PROP &’ SIDEWALK

PROP 6"CURB (TYP)

TC = 69,78
b " |
| g | : ‘ ‘ '; : ‘;7 = , e 3 :: [ \%
7; | : Skg 7 : | |
'V <
AR ” |
N EXIST ROW .
- = L 77 |
o __——___—_ ___ o %L cxist. 24" stm —— -———-Q-——-L;__‘ = —-—
~ - /_—,_——.__.—--— T (REMOVE N [ e e S )
T — -— o ——— _ §§‘§§ Q s
E J VE) \<— —ﬁ__—___—- ‘-‘ p— 7 | onin VV g-:(R?E | \§§§~ V ’LD
0 | MO \,-l-‘ \\\
\% (REM / PROP 24" LEAD MEMORIAL DRIVE VE) = LIU
() | = |
u ---—--~-~ w
2 —
\‘7\) ----------- (.J I?E.—. N ~§~~~-§ L(,‘s‘
i R ==
3 —1
_______ i
______::::::\“\ i
= \\\\\::\\\ N
r \dewa — _ 'S
S ===, Moy T
= T [\ e = : = 2
- : RENOVE) | sk | , : e e B s e .} T3
" —— — ) A8 ;

PROP TYP, "C"MH ON BOX #MHI3
STA 18+25.00, 8.6'RT
TR = 70.29

PROP_TYP, "C"MH ON BOX #MHI3
STA 18+25.00, I18'RT
TR = 69.60

PROP_TYP, "BB"INLET #BII7
STA 18+25.00, 34'RT
TC = 69.78

PROP 10’ SIDEWALK

NOTES:
.ALL RCP ARE CLASS III UNLESS OTHERWISE
NOTED.

2.SEE_STORM SEWER LATERALS SHEETS FOR
MORE INFORMATION.

3.SEE WATER & SAN SWR SHEETS FOR MORE
INFORMATION.

4. PROPOSED HGL CALCULATED FOR POST-PROJECT
CONDITIONS USING NFOWORKS SD.

5.SEE_ROADWAY HORIZONTAL GEOMETRY SHEETS FOR
MORE INFORMATION.

6.SEE STORM_SEWER HORIZONTAL GEOMETRY SHEETS
FOR MORE INFORMATION.

T.ALL EXISTING STORM SEWER TO BE_REMOVED
UNLESS SHOWN OTHERWISE. MAINTAIN
DRAINAGE DURING CONSTRUCTION.

@ SEE DRIVEWAY TABULATION & DETAILS SHEET

BENCHMARK:

CITY OF HOUSTON MONUMENT ____—____,

A BRASS DISK IN CONCRETE, LOCATED ON
MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH
OF OLD OAKS DRIVE INTERSECTION.

ELEV. 67.80 FEET NAVD 1988
(CORS96) (GEOID ’12A)*

* OBSERVED BY GPS SURVEYING AND PROCESSED
IN REFERENCE TO THE CORS
DATED DECEMBER 17,2014.

LEGEND:
I:> EXISTING TRAFFIC FLOW

mmm) PROPOSED TRAFFIC FLOW

¢] 10 20 40
(IN FEET)

1 INCH = 20 FEET

PRIVATE UTILITY LINES SHOWN

Dats:
CENTERPOINT ENERGY/UNDERGROUND
LECTRICAL FACILITIES VERIFICATION ONLY.
E SIGNATURE VARIFIES EXISTNG UNDERGROUND FAGILITIES — NOT TO BE
USED FOR CONFLICT VERFICATION.) SIGNATURE VALID FOR SIX MONTHS.

Date:

CENTERPOINT ENERGY/NATURAL GAS
FACILITIES VERIFICATION ONLY.
(THIS SIGNATURE VERIFIES THAT YOU HAVE SHOWN CNP NATURAL GAS
LINES CORRECTLY — NOT TO BE USED FOR CONFLICT VERIFICATION.)

(GAS SERVICE LINES ARE NOT SHOWN.) SIGNATURE VALID FOR SIX MONTHS.

Date:

Approved for AT&T Texas/SWBT underground

conduit_facilities only.
SIGNATURE VALID FOR ONE YEAR

INTERIM REVIEW ONLY

Document incomplete: not intended
for permit, bidding or construction.
Engincer: BRIAN R. WHITNEY MUHAMMAD ALl
P.E. Serial No. 81591 98146
Firm:_LOCKWOOD, ANDREWS & NEWNAM, INC.
Firm No.._F—2614

Date:_10/6/2015

MEMORIAL CITY

REDEVELOPMENT AUTHORITY
Lockwood, Andrews
& Newnam,Inc.

Ln A LEO A DALY COMPANY

MEMORI AL DRIVE
N-T17000-031B-4
PLAN

PVMT & STM SWR IMPROVEMENTS
STA 17400 TO STA 21+00
SHEET 9 OF 24

CITY OF HOUSTON

DEPARTMENT OF PUBLIC WORKS AND ENGINEERING

— —
WATER WASTEWATER TRAFFIC

ST. & BRIDGE STORMWATER swo

FACILITY
FILE NO=

CITY DWG NO.

DRAWING SCALE:

VERT: 1"=4’
HORZ: 1"=40'

SHEET:
OF XX

1: 08: 56 PM ICCarrillo

10/6/2015
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ICCarrillo

1: @9: 06 PM

10/6/2015

78
16
% B 3% 74
| A2 ST - Haeo5.00 STA = 18+98.43 < 72
N +— EL = 69.78' EL = 70.00 N
e B — - ~e—clirb
wil o I A C— ~cl—pvm L
o (—)O-SZ[S:S; B - I . . . S I I 7 B e — /s o 0 10 20 40
O — —— S E— & 0.60% (N&s) N 10 — e —
bl IB —— - - . S — (IN FEET)
—— 1 N - - 1 INCH = 20 FEET
| ) ‘ ‘
ﬁl \ [ B — ‘ | ] - | ,',—vo',f/ Ll
=| | o LN | ﬂ - —— [ w 68 PRIVATE UTILITY LINES SHOWN
al E— : T T T O e Y E——— —— T T
8 l 2" \N 3 ”"’j‘“h } ‘ — J' Fu—ditch | \ 7,
24" repdl \ e 18" rep R . - - Dats:
i . | = rep . —oifid CENTERPOINT ENERGY,/UNDERGROUND
(V2] i — | rep” 18" rep Ll 66 |ECTRICAL FACILITIES VERIFICATION ONLY,
T - f H—— ——— | ] E SIGNATURE VARIFIES EXISTNG UNDERGROUND FAGILITIES — NOT TO BE
dtm \— — _ __ dxist. 24" stm{ \ — — / — % N TT— USED FOR CONFLICT VERFICATION.) SIGNATURE VALID FOR SIX MONTHS.
8 B Uexist. 247 str. exist, 287 stm— Lexist, 247 fim. exigl. 247 stm- o
Y - Date:
't A SWBT ? CENTERPOINT ENERGY/NATURAL GAS
FUf ducts® \ - 64 FACILITIES VERIFICATION ONLY.
- N SHES CORRRETLY ~ NOT T0-BE USED FOR GONFLICY VERIGATONS.
< A I (GAS SERVICE LINES ARE NOT SHOWN.) SIGNATURE VALID FOR SIX MONTHS.
o M — — - : . ale1 os/shet
(7)) — — R | Date:
ot 16 o'ld ~f'F/ - = A4 62 Approved for AT&T Texas/SWBT underground
[} = - VARAY —AL L / conduit facilities only.
z — SIGNATURE VALID FOR ONE YEAR
- o SHSE 187 ci wateqg =z
S \ \ \ = INTERIM REVIEW ONLY
L 60 Document incomplete: not intended
Z w for permit, bidding or construction.
3 E Engineer: BRAN R, WHITNEY MUHAMMAD ALI
S i' P.E. Serial No._81591 98146
(&) XL 58 Firm:_LOCKWOOD, ANDREWS & NEWNAM, INC.
| - Firm No.. F—2614
< PROP 125 LF 2-10"x10’ RCB- PROP 275 LF 2-10°x10’ RCB s Dote10/6/2015
= @0. 10% @0. 10% S
56 MEMORIAL CITY
REDEVELOPMENT AUTHORITY
Q Lockwood, Andrews
: Ln :
& Newnam,Inc.
A LEO A DALY COMPANY
a L 3 s > ® b3 ® ® > & ® £ 3 B ] & 2 3 > g
3 3 3 3 & & & o & & & 3 o & & & & @ & & ) £ = 5035 MEMORIAL DRIVE
2 s h h © © © o o © © © © © © © o o o © { ’ 52 N-TIE’%?JIQI-I?E 1B-4
\ o \
s — ot 20400 211 PVMT & STM SWR IMPROVEMENTS
STA 17+00 TO STA 21+00
E=51.75 50 SHEET 10 OF 24
n CITY OF HOUSTON
DEPARTMENT OF PUBLIC WORKS AND ENGINEERING
WATER WASTaATER TRAEC
48
PROP TYP "C"MH ON BOX *MHI3 w0
STA 18+25.00
2-10’XI0'RCB E = 51.63 (SE,NW) —
24"F = 64.25 (NE,SW) FILE Nos
DRAWING SCALE o
VERT: |4’
HORZ: |"=40"
SHEET:
17+00 18+00 19+00 20+00 21+00 OF XX
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PROP TYP,"BB"INLET *B|16
STA 21+59.80, 34'LT
TC = 68.43

B g

PROP_TYP, "C"MH ON BOX #MHI2
STA 21+59.80, 19.25'RT
TR = 68.23

PROP_TYP. "BB"INLET #BI|5
STA 21+59.80, 34'RT
TC = 68.43

PROP_TYP, "C"MH ON BOX #MHT4
STA 23+07.00, I7.5'RT
TR = 67.92

PROP _TYP."BB"INLET *BI|38
STA 23+07.00, 34'RT
TC = 68.09

PROP_TYP, "C" MH ON BOX #MHI |

BENCHMARK:

CITY OF HOUSTON MONUMENT ____—____,
A BRASS DISK IN CONCRETE, LOCATED ON

MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH
OF OLD OAKS DRIVE INTERSECTION.

ELEV. 67.80 FEET NAVD 1988
(CORS96) (GEOID ’12A)*

* OBSERVED BY GPS SURVEYING AND PROCESSED
IN REFERENCE TO THE CORS

DATED DECEMBER 17,2014.

ICCarrillo

LEGEND:
I:> EXISTING TRAFFIC FLOW

mmm) PROPOSED TRAFFIC FLOW

¢] 10 20

40
(IN FEET)
1 INCH 20 FEET

1:09: 18 PM

PRIVATE UTILITY LINES SHOWN

10/6/2015

Date:
CENTERPOINT ENERGY/UNDERGROUND
LECTRICAL FACIIJ'HES VERIFIC@GO‘N ONLY.

OUND FAGILITIES — NOT TO BE
I.IIII Fm OWFLICT VE‘FICA“EN) SIGNATURE VALID FOR SIX MONTHS.

Date:
CENTERPOINT ENERGY/NATURAL GAS
%CIU“ES VERIFICA'HON OYI&IJ.Y

HAVE S‘IOVM GIP NATlRAL GAS
LINES OORREGTL DT TU E USED FOR CONFLI ION.)
(GAS SERVICE IJNES ARE NOT SHOWN.) SIGNATURE VAIJD Fm SX MONTHS.

Date:
Approved for AT&T Texas/SWBT underground
conduit_facilities only.

SIGNATURE VALID FOR ON

MATCHLINE LINE STA 25+00 SEE SHEET |3 OF 24

CHP B ey o
+16.00, 4
PROP 6’ SIDEWALK PROP 6" CURB (TYP) TC = 67.65
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w === ’ T (REMOVE) . I —T— :"i‘j;ff "ol o fT T T T T T T REMOVENT
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-— = N PN WS I Gk —Ci o ted -
P e e N A &
wl ™ | e
Z 8
i‘ > ..
e |
= Vo B b ——
<l 2
= 5 :
PROP 24" [LEAD 2 PROP_TYP, "C"MH ON BOX #MH|2
STA 21+59.80, 9.25'RT
; 3 TR ='68.43
PROP 10’ SIDEWALK

PROP_TYP, "C" MH ON BOX #MHI |

STA 24+16.00, 8
TR = 68.17

STA 24+16.00,
TR = 67.47

PROP_TYP, "BB"INLET #BI I3

INTERIM REVIEW ONLY
Document incomplete: not intended
for permit, bidding or construction
Engincer: BRIAN R. WHITNEY MUHAMMAD ALl
P.E. Serial No. 81591

98146
Firm:__LOCKWOOD, ANDREWS & NEWNAM, INC.
Firm No.. F—2614

Date:_10/6/2015

STA 24+16.00, 34'RT
TC = 67.65

REDEVELOPMENT AUTHORITY

MEMORIAL CITY

NOTES:

12N

Lockwood, Andrews
& Newnam,Inc.

A LEO A DALY COMPANY

1.ALL RCP ARE CLASS IIL UNLESS OTHERWISE
NOTED.

2.SEE STORM SEWER LATERALS SHEETS FOR
MORE INFORMATION.

MEMORI AL DRIVE
N-T17000-031B-4
PLAN

PVMT & STM SWR IMPROVEMENTS
STA 21+00 TO STA 25+00
SHEET 11 OF 24

3.SEE WATER & SAN SWR SHEETS FOR MORE
INFORMATION.

CITY OF HOUSTON
DEPARTMENT OF PUBLIC WORKS AND ENGINEERING

4. PROPOSED HGL CALCULATED FOR POST-PROJECT
CONDITIONS USING NFOWORKS SD.

ST. & BRIDGE

— —
WASTEWATER TRAFFIC

5. SEE_ROADWAY HORIZONTAL GEOMETRY SHEETS FOR
MORE INFORMATIO

6.SEE STORM_SEWER HORIZONTAL GEOMETRY SHEETS
FOR MORE INFORMATION.

STORMWATER

FACILITY

T.ALL EXIgTING STORM SEWER TO BE_REMOVED

FILE NO=

UNLESS SHOWN OTHERWISE. MAINTAIN
DRAINAGE DURING CONSTRUCTION.

DRAWING SCALE:

CITY DWG NO.

@ SEE DRIVEWAY TABULATION & DETAILS SHEET

VERT: 1"=4’
HORZ: 1"=40'

SHEET:

OF XX
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ICCarrillo

1: @9: 28 PM

10/6/2015

78
76
e 74
T2
STA = 21+59.80 STA = 21+94.3] 0 10 20 40
e — 70 e e ey —
T — TA = 24+16.00 < v e
7
: / B -t —t EL = 67.65 N | INCH = 20 FEET
p £)0.60% (N&S) | (+)0.32% (IN&S) (-10.40% (N&S) M N T [ R T
w T J { 1‘ N . ——— e e R ——— Y 7N7&3) T 0.30% IN&S) o 68 PRIVATE UTILITY LINES SHOWN
. - N i N 1 - L
o \ ] L T | et S N h
. ] | - - \ \ U ~w—ditch f+- B o 1 - Dats
Of v cm Lexish. | ke b, ——— g | \ | i \ - CENTERPOINT ENERGY/UNDERGROUND
—_ 8" rep L | \ | | | - 66 1ECTRICAL FACILITIES VERIFICATION ONLY,
‘ . T —_—a | i S S S s S A
- - - . | z 18" rep | B - 1 | ~w—ditch ’
w _ I T ) L
- (V2) Date:
BN }
% | 8" rej 24" rej } - - CENTERPOINT ENERGY/NATURAL GAS
ol \ e—ditc Iﬁ 64 FACIITIES VERIFICATION ONLY,
i ] ‘ SHES CORRRETLY ~ NOT T0-BE USED FOR GONFLICY VERIGATONS.
w —_—— v 04 o / m (GAS SERVICE LINES ARE NOT SHOWN.) SIGNATURE VALID FOR SIX MONTHS.
w T e o = i 1
(V2) i N ] ) - . 1 Date:
Al R 7 f i} _ B e — R N B IE— - ? 62 Approved for AT&T Texas/SWBT underground
(@) /M* 4 eAist 12 /5an, conduit facilities only.
o - / = d % |& SIGNATURE VALID FOR ONE YEAR
+ - - = — — — — — \, — —— — E—— - DE— - — . ‘ _ o - - | o e X195 12 [SYaTaE=
P~ a | . :b\d e I \ S N co INTERIM REVIEW ONLY
- = — — — — - = — A I Document incomplete: not intended
< = - - - - _ _ B _ l - B \_ B - B B B B B B B B B B | B - \ wn for permit, bidding or construction.
- " Engineer: BRIAN R. WHITNEY MUHAMMAD ALI
= exist 8 = P.E. Serial No. 81581 98146
= 58 Firrm:_LOCKWOOD, ANDREWS & NEWNAM, INC.
% = Firm No._F=2614
= lw Dote:_10/6/2015
|
PROP 147 LF 2-10’x10’ RCB Z
"'zJ 0. 10% PROP 109 LF 9—1.0’x10’ RCB PROP 84 LF ”—19’){10’ RCB i' 56 MEMORIAL CITY
S @0, 107 00, 10% o REDEVELOPMENT AUTHORITY
= - ""
PROP 60 LF 2-10'x10’ RCB
.9 5 o 10%x § 54 Qn I‘g_‘o'\clzkwood, IAndrews
< I ewnam, Inc.
= 5 |y 2 2 & § & =& & ‘¥ 3z |z 3 g & 3 \xz 28 TR
s Ex5135 | o & & & & & & & & & it e i it e i o e \ MEMORI AL DRI VE
o © © © © © © © © © © © © © © © © © © © { 52 N-TI -F,’gggI-IPES 1B-4
0 22+00 \, 23+00 \ 24400 \ 254 /“ 50.95 PVMT & STM SWR IMPROVEMENTS
STA 21+00 TO STA 25+00
50 SHEET 12 OF 24
CITY OF HOUSTON
u DEPARTMENT OF PUBLIC WORKS AND ENGINEERING
T T WATER WASTEWATER TRATFIC
48 ST. & BRIDGE STORMWATER swo
PROP_TYP "C"MH ON BOX #MHI2 PROP TYP "C"MH ON BOX #MHT74 ekt
STA 2/+53.80 STA 23+07.00 D T i ON BOX Tl —
2-10’XI10’RCB E = 51.29 (N,S) -10" ! =51, LS b
24" E = 58,50 (E.W) I S s Saco oY 2710'X10°RCB E = 51.04 (N,S) FILE Mo«
4 IL = 00 \E, W) CITY DWG NO.
DRAWING SCALE:
VERT: 1"=4"
HORZ: 1"=40°
SHEET:
21+00 22+00 23+00 24+00 25+00 OF XX
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Il OF 24

barehale #5

PROP 24" RC

PROP_TYP, "C" MH #MH29
STA 26+00.60, 39.5'LT
TR = 67.68

PROP_TYP, "BB" INLET #B| 12

STA 26+18.00, 33.6'LT
TC = 49

o
o

grate inlet

PROP 6’ SIDEWALK PROP 6" CURB

EXIST ROW

rate inlet
rote inlet

q

AT

[s=zzczesz]

MATCHLINE LINE STA 25+00 SEE SHEET

PROP 10’

SIDEWALK

INO NOILD3S aN3E TVIHONIN
e

PROP_TYP, "C"MH ON_BOX #MHIOQ
STA 26+18.00, 7.6'RT
TR = 68.01

PROP_TYP, "C"MH ON BOX #MHIQ
STA 26+18.00, 18.1'RT
TR = 67.30

PROP TYP."BB"INLET #BI||
STA 26+18.03, 33.6'RT
TC = 67.49

MATCHLINE LINE STA 28+50 SEE SHEET 15 OF 24

PROP TYP."C"MH ON BOX #MH73

STA 27+33.30, I 7.5'RT
TR = 67.63

PROP_TYP. "BB"INLET *BI ||
STA 27+33.30, 32'RT
TC = 67.84

2.

3.

5.

6.

1.

B g

NOTES:

.ALL RCP ARE CLASS III UNLESS OTHERWISE
NOTED.

SEE _STORM SEWER LATERALS SHEETS FOR
MORE INFORMATION.

SEE WATER & SAN SWR SHEETS FOR MORE
INFORMATION.

. PROPOSED HGL CALCULATED FOR POST-PROJECT

CONDITIONS USING NFOWORKS SD.

SEE _ROADWAY HORIZONTAL GEOMETRY SHEETS FOR
MORE INFORMATION.

SEE STORM_SEWER HORIZONTAL GEOMETRY SHEETS
FOR MORE INFORMATION.

ALL EXISTING STORM SEWER TO BE REMOVED
NLESS SHOWN OTHERWISE. MAINTAIN
DRAINAGE DURING CONSTRUCTION.

@ SEE DRIVEWAY TABULATION & DETAILS SHEET

BENCHMARK:

CITY OF HOUSTON MONUMENT ____—____,

A BRASS DISK IN CONCRETE, LOCATED ON
MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH
OF OLD OAKS DRIVE INTERSECTION.

ELEV. 67.80 FEET NAVD 1988
(CORS96) (GEOID ’12A)*

* OBSERVED BY GPS SURVEYING AND PROCESSED
IN REFERENCE TO THE CORS
DATED DECEMBER 17,2014.

LEGEND:
I:> EXISTING TRAFFIC FLOW

mmm) PROPOSED TRAFFIC FLOW

¢] 10 20 40
(IN FEET)

1 INCH = 20 FEET

PRIVATE UTILITY LINES SHOWN

Date:

CENTERPOINT ENERGY/UNDERGROUND
LECTRICAL FACIIJTIES VERIFICA'HON ONLY.
INDERGROUND FAGILITIES — NOT TO BE
uzn an onNFl.lcr vmncmm) semnun: VALD FOR SIX MONTHS.

Date:

CENTERPOINT ENERGY/NATURAL GAS

FACIIJ11ES VERIFICA110N ONLY

(1'H T YOU HAVE mam mp Nmml. GAS
LINES conm crr Tu E USED FOR CONFLI ION.)

(GAS SERVICE LINES ARE NOT SHOWN) SIGNATURE VAIJD roa sx MONTHS.

Date:

Approved for AT&T Texas/SWBT underground

conduit_facilities only.
SIGNATURE VALID FOR ONE YEAR

INTERIM REVIEW ONLY

Document incomplete: not intended
for permit, bidding or construction.

Engineer: BRIAN R. WHITNEY  MUHAMMAD ALl
PE. Serial No. 81591 98146
Firm:_LOCKWOOD, ANDREWS & NEWNAM, INC.
Firm No.._F—2614
Date:_10/6/2015

MEMORIAL CITY
REDEVELOPMENT AUTHORITY

Q Lockwood, Andrews
& Newnam,Inc.
A LEO A DALY COMPANY

MEMORI AL DRIVE
N-T17000-031B-4
PLAN

PVMT & STM SWR IMPROVEMENTS
STA 25+00 TO STA 28+50
SHEET 13 OF 24

CITY OF HOUSTON
DEPARTMENT OF PUBLIC WORKS AND ENGINEERING

— —
WATER WASTEWATER TRAFFIC

ST. & BRIDGE STORMWATER swo

FACILITY
FILE NO=

CITY DWG NO.
DRAWING SCALE:

VERT: 1"=4’
HORZ: 1"=40'

SHEET:

OF XX

1: @9: 38 PM ICCarrillo

10/6/2015
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ENCHMARK:

ITY OF HOUSTON MONUMENT ____—____,
BRASS DISK IN CONCRETE, LOCATED ON
EMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH
F OLD OAKS DRIVE INTERSECTION.

LEV. 67.80 FEET NAVD 1988

CORS96) (GEOID ’12A)*

4 OBSERVED BY GPS SURVEYING AND PROCESSED
IN REFERENCE TO THE CORS
TED DECEMBER 17,2014.

78

76

74

(unable [to see any pipe,

T2

¢] 10 20 40

70 ] e e e —

12 OF 24
16 OF 24

STA 5+18.26

EL (IN FEET)

1 INCH = 20 FEET

N
o
+
fo
.

o
o

2
67.96’ STA
EL

o

T.49°  cl-pvmd 4"

ICCarrillo

1:09: 49 PM

68 PRIVATE UTILITY LINES SHOWN

S AT — 6" pvc
=il N&S)_ | (10.30% -N&

Date:

CENTERPOINT ENERGY/UNDERGROUND

66 LECTRICAL FACILITIES VERIFICATION ONLY.
E SIGNATURE VARIFIES EXISTNG UNDERGROUND FAGILITIES — NOT TO BE
USED FOR CONFLICT VERFICATION.) SIGNATURE VALID FOR SIX MONTHS.

l

|
[exis

4

e
[
|
|
\
|
I
I
|
|
|
|
I

I

Date:

CENTERPOINT ENERGY/NATURAL GAS

“e—ditch

HAVE SHOWN CNP NATURAL GAS
BE USED CONFLI

64 FACILITIES VERIFICATION ONLY.
(THIS SIGNATURE VERIFIES THAT YOU

LINES CORRECTLY — NOT TO FOR ICT VERIFICATION.)

(GAS SERVICE LINES ARE NOT SHOWN.) SIGNATURE VALID FOR SIX MONTHS.

STA 28+50 SEE SHEET

Date:
62 Approved for AT&T Texas/SWBT underground

conduit_facilities only.
SIGNATURE VALID FOR ONE YEAR

10/6/2015

INTERIM REVIEW ONLY

Document incomplete: not intended

60

for permit, bidding or construction.

Engineer: BRIAN R. WHITNEY MUHAMMAD ALl
PE. Serial No. 81591 98146
58 Firm:_LOCKWOOD, ANDREWS & NEWNAM, INC.

exist. 8" gvc water®

Firm No.. F—2614
Date:_10/6/2015

MATCHLINE LINE STA 25+00 SEE SHEET

MATCHLINE LIN

PROP_118 LF|2-10’x10’ RCB _PROP_115.5 LF 2-10'x10' RCB PROP_ 67 LF 2-10’x10’ RCB 56 MEMORIAL CITY

@0. 10% @0. 10% @0. 10% REDEVELOPMENT AUTHORITY

54 Q Lockwood, Andrews
& Newnam,Inc.

A LEO A DALY COMPANY

20
UV
"
v
o

« IO

- MEMORI AL DRIVE
: 52 N-T17000-031B-4
PROFILE

a7 OF
a7 EQ
67 B0
Of.

67 E6
Of. 30
67 62
Of. 0
7 6R
Of. 00
7 74
Of.

7 R0
Of. 0V
7 QG
Of. 00
a7 09
Ol.9c
6. V4
fa 10
00,

e 16
©0.

1. 21
Of.

s
}L(ﬂ
ps

of

f7 a7
Ofl.Of
a7
67

: - ]
0o—F = 50.95 \ 26+00 \ 27400 28+00 —F = 50,60 PVMT & STM SWR IMPROVEMENTS
/ STA 25+00 TO STA 28+50
SHEET 14 OF 24

50

CITY OF HOUSTON
DEPARTMENT OF PUBLIC WORKS AND ENGINEERING

— —
WATER WASTEWATER TRAFFIC

48

ST. & BRIDGE STORMWATER swo

ROP_TYP IC"MH ON BOX #MH|Q PROP_TYP 'C"MH ON BOX #MHT3
TA 26+18.00 STA 27+33-00L FILE NO= Flaum
-10’X10°RCB E = 50.84 (N,S) 2-10'X10'RCB K = 50.72 (N,S)

ISYNY7 ]

4" = 58.20 (E.W) 24|'| E = 58.20 (W) DRAWING SCALES CITY DWG NO.

VERT: 1"=4’
HORZ: 1"=40'

SHEET:
25+00 26+00 27+00 28+00 28+50 OF XX
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PROP 4-24"

-
S

\::-‘-BQJOVE)
\

PROP_TYP, "BB" INLET #B|25
STA 30+15, 32°LT
TC ="67.66

PROP_TYP, "C"MH ON BOX #MH3I
STA 31+44.20, 15.5'RT
TC = 67.73

PROP 6" CURB (TYP)

PROP 6’ SIDEWALK MEMORIAL DRIVE T
oL. 10, PG. 99

i
grate inlet
rate inlet

-
-
—_—

——y
—— ‘—‘_.._
— S ——

—_—

/%PROP 24" LEAD

BL MEMORIAL DR.

RCP

L}

PROP_JUNCT. BOX #MHO9
e

- e
——

. PROP 24" LEAD

——

B . : PROP 10’ SIDEWALK

PROP_TYP '"C"MH_#MH30
STA 31+40.90, 35.9'RT
TR = 68.10

PROP_JUNCT. BOX #MHO8
STA 30+15.00, 5'RT
TR 20

28+93.00, 14.2'RT
68.18

PROP_TYP, "BB"INLET #8124
STA 30+15.00, 32'RT
TC = 67.66

NOTES:

1.ALL RCP ARE CLASS III UNLESS OTHERWISE
NOTED.

2.SEE_STORM SEWER LATERALS SHEETS FOR
MORE INFORMATION

3.SEE WATER & SAN SWR SHEETS FOR MORE
INFORMATION.

4. PROPOSED HGL CALCULATED FOR POST-PROJECT
CONDITIONS USING NFOWORKS SD.

5. SEE_ROADWAY HORIZONTAL GEOMETRY SHEETS FOR
MORE INFORMATION.

6. SEE STORM_SEWER HORIZONTAL GEOMETRY SHEETS
FOR MORE INFORMATION.

T.ALL EXISTING STORM SEWER TO BE_REMOVED
UNLESS SHOWN OTHERWISE. MAINTAIN
DRAINAGE DURING CONSTRUCTION.

@ SEE DRIVEWAY TABULATION & DETAILS SHEET

BENCHMARK:

CITY OF HOUSTON MONUMENT ____—____,

A BRASS DISK IN CONCRETE, LOCATED ON
MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH
OF OLD OAKS DRIVE INTERSECTION.

ELEV. 67.80 FEET NAVD 1988
(CORS96) (GEOID ’12A)*

* OBSERVED BY GPS SURVEYING AND PROCESSED
IN REFERENCE TO THE CORS
DATED DECEMBER 17,2014.

LEGEND:

I:> EXISTING TRAFFIC FLOW

mmmp PROPOSED TRAFFIC FLOW

¢] 10 20 40
(IN FEET)

1 INCH = 20 FEET

PRIVATE UTILITY LINES SHOWN

Date:

CENTERPOINT ENERGY/UNDERGROUND

LECTRICAL FACIIJTIES VERIFICA'HON ONLY.
INDERGROUND FAGILITIES — NOT TO BE

I.IIII Fm OWFLICT VE‘FICA“EN) SGMNRE VALD FOR SIX MONTHS.

Date:
CENTERPOINT ENERGY/NATURAL GAS

FACIIJ11ES VERIFICA110N ONLY

(1'H T YOU HAVE mam mp Nmml. GAS
LINES conm crr Tu E USED FOR CONFLI ION.)

(GAS SERVICE LINES ARE NOT SHOWN) SIGNATURE VAIJD roa sx MONTHS.

Date:

Approved for AT&T Texas/SWBT underground

conduit_facilities only.
SIGNATURE VALID FOR ONE YEAR

INTERIM REVIEW ONLY

Document incomplete: not intended
for permit, bidding or construction.
Engincer: BRIAN R. WHITNEY MUHAMMAD ALl
P.E. Serial No. 81591 98146
Firm:_LOCKWOOD, ANDREWS & NEWNAM, INC.
Firm No.._F—2614

Date:_10/6/2015

MEMORIAL CITY
REDEVELOPMENT AUTHORITY

Lockwood, Andrews
& Newnam,Inc.

A LEO A DALY COMPANY

12N

MEMORI AL DRIVE
N-T17000-031B-4
PLAN

PVMT & STM SWR IMPROVEMENTS
STA 28+50 TO STA 32+50
SHEET 15 OF 24

CITY OF HOUSTON
DEPARTMENT OF PUBLIC WORKS AND ENGINEERING

— —
WATER WASTEWATER TRAFFIC

ST. & BRIDGE STORMWATER swo

FACILITY
FILE NO=

CITY DWG NO.
DRAWING SCALE:

VERT: 1"=4’
HORZ: 1"=40'

SHEET:

OF XX

ICCarrillo

1: 10: 00 PM

10/6/2015
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ICCarrillo

10: 368 34 AM

10/9/ 2015

NN NEN J|& 3 & 74
(2
7 * N 4i N NN 70
3 |- : TP ~00.60% (N&S) o h030% IN&S) | (90.48% Nesy < -
St #0.307% (N&S)— B a—— A - — e —————— >
N ¥ - o —1 /[ rexi 1. 24 jtmi © u i - h A T (N e e | A S = i = ‘,, ,,/,* — %)0'484 M&,S),/,- _|
e 1A | ) y 7] \Y N1 (@)
T = T T Y s e = {
o !L f} Hx i i ; . | I:I_: 0 20 20 80
< ﬁ | e ( i 1= 56 | e I
— | | v | | Z (IN FEET)
‘ : | | ‘ , 11 - | m 1 INCH = 20 FEET
| e L Eam— s T s N L1 I D — A e i |
ol x ‘ o WL 77 %~ |=
Ll fras/puer | | By | | = 64 PRIVATE UTILITY LINES SHOWN
g ’5’477 stm “ ’ m Lexist. 24 o rexist] 24 t N Cexist. 2% o N o 2 Lm ‘ exist. 24 tmi I-T-I
, 7‘\**“%*\ 77777 o Ty I e o e S T A N R w0
LlJ ziii” B . == W " A::‘* B — ‘J,,kt::57 T 3 v B — ,]J??L::::; ) (/) Date:
ol -+ — CENTERPOINT ENERGY,/UNDERGROUND
Al | | > 62 ELECTRICAL FACILITIES VERIFICATION ONLY.
U8 \ (THE SIGNATURE VARIFIES EXISTING UNDERGROUND FACILITES — NOT TO BE
| \ A& TTEXE a7 . USED FOR CONFLICT VERIFICATION.) SIGNATURE VALID FOR SIX MONTHS.
o T10-4" 7::"‘; R _ ) X
. AL \ — \ N
L(-) <é\ Sq . + Date:
+ [ AT i € o CENTERPOINT ENERGY/NATURAL GAS
ool I _ \ 1A 60 FACILITIES VERIFICATION ONLY.
N oadse] /S 0 el gm | N x — LINES ORRECTLY - NOT To B USED FOR GONFLICT VERIFIATIONS.
R2—41 g.i i Yater PHS f]z exist. 2 % C watet N (GAS SERVICE LINES ARE NOT SHOWN.) SIGNATURE VALID FOR SIX MONTHS.
< san.(plug) L I rm
I_ —exist. 1N rl-l Date:
2 : "‘\] N 58 Approyed fqr' 'AT&T Texas/SWBT underground
wlb 4 U o V 2 condut faclities only.
- ﬂ INTERIM REVIEW ONLY
e b . 56 Document incomplete: not intended
Lé" o PROP 129.5 LF 2-10"x10" RCB - PROP 105.5 LF 2-10'x10’ RCB _ for permit, bidding or construction.
—_ | R c @0. 10% @0. 107% oo Ergineer: BRIAN IRIHWHITNEY/ AMUHAMMAD AL
— Sy - I S T 5 Seriol No 815988146 98146
N N B A — 7 7 .E. Seria 0.
(:E, | PrRoP 43 1L AN 7 o 7 4 Ay AAw Sy A Ve g 54 Firm: LOCKWOOD, ANDREWS & NEWNAM, INC.
F:: — — e — — \ — " — T ' Firm No.: F—2614
<< o~ oo} < ) N~ L N N » o) 4 N~ M M < < < Lo N Dote:10/9/2015
S N N M » e ~ b N~ ~ Rle o o » o N~ ©0 e} < D
© © © - M~ N~ - ~ & M~ M~ M~ M~ M~ M~ M~ . 425 o M~
(o) () W o O © ki:»ﬁ:t 45" Lo‘::m d © © © © © el O Lexist SN .— Ke) 52 MEMORIAL CITY
29+00 | 30+00 31+00 32+00 REDEVELOPMENT AUTHORITY
X \ [ B T £ = 49.8] 0 Qn Lockwood, Andrews
| /BN 3 - I - — 1 7V
I e w—. 7 —— e y I & Newnam,Inc.
L /,,/, A ,II/ / /// l B A B e Gty Sy ;775: A LEO A DALY COMPANY
—1Mf = 50.60 R et e
SILTT £ T[T L MEMORIAL DRIVE
58 L4 48 N-T17000-031B-4
T _ PROFILE
- SIPHON/ PVMT & STM SWR IMPROVEMENTS
[ STA 28+50 TO STA 32+50
46 SHEET 16 OF 24
CITY OF HOUSTOIN
PROP TYP "C"MH ON BOX #MH3 | DEPARTMENT OF PUBLIC WORKS AND ENGINEERING
STA 31+44.60 WATER WASTEWATER TRAFFIC
2-10’X10'RCB | =49.92 (S)
24"k = 57.42 (E,W) 44
PROP JUNCT. BOX #MHO9 ST. & BRIDGE STORMWATER SWo
STA 28+93.00 PROP JUNCT.BOX #MHO8
2-10’X10'RCB £ = 50.56 (N) STA 30+15.00
24" = 46.12 (S) 2-10’X10'RCB fE =50.05 (S) LLE MO FACILITY
24" | = 58.00 (E,W) -
247 = 45,91 (N) CITY DWG NO.
DRAWING SCALE:
VERT: ["=4’
HORZ: 1"=40'
SHEET:
28+50 29+00 30+00 31+00 32+00 32+50 OF XX
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PROP_TYP, "BB" INLET #BI 10
STA 32+50.00, 32'LT
TC = 67.40

PROP 6’ SIDEWALK

~
S
]
~
~ AT~
LI;.LII s \: R L J
Ut) \\:>/ (R EMO VE )
Ly L
{;L,.I \
SN =
Sk )\
oy PROP 24" RCP

. 53+0

PROP_TYP, "BB"INLET #B|35
STA 33+85.30, 32'LT
TC = 67.28

PROP_TYP_"C" MH_*MH32
STA 33+53.00, 44'LT
TR = 67.50

PROP_TYP, "BB"INLET #B108
STA 34+00.00, 32°LT
TC = 67.23

PROP_TYP '"C"MH_ #MH33

STA 34+14, 44.7'LT
TR = MATCH GRADE

PROP_TYP_"A"INLET #MH80
STA 36+47.80, 34.8'LT
T6 50

PROP_TYP "C"MH ON BOX #MHO06

EX1ST ROW
3 T

[ e ——

(RﬁMWE—/l =

PROP_TYP "C"MH_ #MH48
STA 32+82.90, 42.8'RT
TR = 67.95

PROP_TYP "C"MH ON BOX #MHO7

STA 32+50.00, 5'RT
TR = 67.43

PROP_TYP "C"MH ON BOX #MHO7
STA 32+50.00, I5.5RT
TR = 67.23

PROP_TYP, "C"INLET #B109

STA 32+50.00, 32'RT
TC = 67.40

STA 34+00.00, 5.0'RT
TR = 67.56

EXIST ROW
PROP 24", RCP2—/

PROP_TYP "C"MH ON BOX #MHO6
STA 34+00.00, 15.5'RT
TR = 66.75

PROP_TYP, "BB" INLET #B|07
STA 34+00.00, 32.0'RT
TR = 67.23

PROP 10° SIDEWALK

PROP 6" CURB (TYP)

PROP_TYP "C"MH ON BOX #MH34
STA 35+11.10, I5.5'RT
TR = 67.58

PROP_TYP "C"MH #MH49
STA 35+11.10, 42.3'RT
TR = 67.96

NOTES:
«ALL RCP ARE CLASS III UNLESS OTHERWISE
NOTED.

PROP_TYP_"C"MH ON BOX *MH35
STA 36+47.80, 5'RT
TR = 68.00

2.SEE _STORM SEWER LATERALS SHEETS FOR
MORE INFORMATION.

3.SEE WATER & SAN SWR SHEETS FOR MORE
INFORMATION.

4. PROPOSED HGL CALCULATED FOR POST-PROJECT
CONDITIONS USING NFOWORKS SD.

5. SEE_ROADWAY HORIZONTAL GEOMETRY SHEETS FOR
MORE INFORMATION.

6. SEE STORM_SEWER HORIZONTAL GEOMETRY SHEETS
FOR MORE INFORMATION.

T.ALL EXISTING STORM SEWER TO BE_REMOVED
UNLESS SHOWN OTHERWISE. MAINTAIN
DRAINAGE DURING CONSTRUCTION.

X @Dm VEWAY TABULATION & DETAILS SHEET

BENCHMARK:

CITY OF HOUSTON MONUMENT ____—____,

A BRASS DISK IN CONCRETE, LOCATED ON
MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH
OF OLD OAKS DRIVE INTERSECTION.

ELEV. 67.80 FEET NAVD 1988
(CORS96) (GEOID ’12A)*

* OBSERVED BY GPS SURVEYING AND PROCESSED
IN REFERENCE TO THE CORS
DATED DECEMBER 17,2014.

LEGEND:
|:> EXISTING TRAFFIC FLOW

mmmp PROPOSED TRAFFIC FLOW

¢] 10 20 40
(IN FEET)

1 INCH = 20 FEET

PRIVATE UTILITY LINES SHOWN

Date:

CENTERPOINT ENERGY/UNDERGROUND
LECTRICAL FACILITIES VERIFICATION ONLY.
E SIGNATURE VARIFIES EXISTNG UNDERGROUND FAGILITIES — NOT TO BE
USED FOR CONFLICT VERFICATION.) SIGNATURE VALID FOR SIX MONTHS.

Date:
CENTERPOINT ENERGY/NATURAL GAS
FACILITIES VERIFICATION ONLY.
(THIS SIGNATURE VERIFIES THAT YOU HAVE SHOWN CNP NATURAL GAS
LINES CORRECTLY — NOT TO BE USED FOR CONFLICT VERIFICATION.)
(GAS SERVICE LINES ARE NOT SHOWN.) SIGNATURE VALID FOR SIX MONTHS.

Date:

Approved for AT&T Texas/SWBT underground

conduit_facilities only.
SIGNATURE VALID FOR ONE YEAR

INTERIM REVIEW ONLY

Document incomplete: not intended
for permit, bidding or construction.
Engincer: BRIAN R. WHITNEY MUHAMMAD ALl
P.E. Serial No. 81591 98146
Firm:_LOCKWOOD, ANDREWS & NEWNAM, INC.
Firm No.._F—2614

Date:_10/6/2015

MEMORIAL CITY
REDEVELOPMENT AUTHORITY

Q Lockwood, Andrews
& Newnam,Inc.
A LEO A DALY COMPANY

MEMORI AL DRIVE
N-T17000-031B-4
PLAN

PVMT & STM SWR IMPROVEMENTS
STA 32450 TO STA 36+50
SHEET 17 OF 24

CITY OF HOUSTON
DEPARTMENT OF PUBLIC WORKS AND ENGINEERING

— —
WATER WASTEWATER TRAFFIC

ST. & BRIDGE STORMWATER swo

FACILITY
FILE NO=

CITY DWG NO.

DRAWING SCALE:

VERT: 1"=4’
HORZ: 1"=40'

SHEET:

OF XX

1:10: 20 PM ICCarrillo

10/6/2015

ci\projectwise\iccarri | |o\dB254550\ 024 -PR-RDWY 17.dgn



ICCarrillo

1: 1@: 30 PM

10/6/2015

= 70
2l STA = 34+00.00
EL EL = 6Ti23'
- e T e s 8
5 (40,307 (N&S)___ | v
I i3 I AR exfst. 247 stmoy 0 10 20 40
2 NIl At 66 e e ™ —
ot . ‘ [ (IN FEET)
§ R }‘ 717N § 1 INCH = 20 FEET
H- P/
| I It ] N ‘ par
wll [l || R o 64 PRIVATE UTILITY LINES SHOWN
— — P — IR A VA =
It LAY erZ % I\ v 7 A 7 7| =
© F—===_L1[]) =
- - Date:
th "1 t A —— — - m CENTERPOINT ENERGY/UNDERGROUND
[y | § ( ) i — 62 LECTRICAL FACILITIES VERIFICATION ONLY.
¥ 1 I p (] IE SIGNATURE VARIFIES EXISTNG UNDERGROUND FACILUTIES — NOT TO BE
w N " Fep — — USED FOR CONFLICT VERFICATION.) SIGNATURE VALID FOR SIX MONTHS.
w 4
I AN . m Date:
(72 M CENTERPOINT ENERGY/NATURAL GAS
ot ” D (73] 60 FACILITIES VERIFICATION ONLY,
i |- - T&T/TEXBS/EW _. (THIS SIGNATURE VERIFIES THAT YOU HAVE SHOWN CNP NATURAL GAS
w - — s ®s4" 4 uwa LINES CORRECTLY — NOT TO BE USED FOR CONFLICT VERIFICATION.)
;) ——} O water > (GAS SERVICE LINES ARE NOT SHOWN.) SKiNATURE VALID FOR SIX MONTHS.
exist_t H \
- N
9 m 58 n Date:
wn + pproyed f?f 'AT&T Texas/SWBT underground
+ 3] conduit_facilities only.
N u o SIGNATURE VALID FOR ONE YEAR
LLp]
dist. & crop n INTERIM REVIEW ONLY
T 56 ) )
< m Document incomplete: not intended
'— m for permit, bidding or construction.
7] A | | E— | >
o _PROP 150 LF 2-10"%x10" 7 ZPROP 111_LF 2-10’x10’ RCB P PROP/ 1365 LF| 2-10°x10" RCB~ M Engineer: BRIAN R WHITNEY WUHAUMAD AL
Wy L PR SO B YRR O PROR M A ‘ @0./10% x o PE. Seriol No. BISHI __98l4s__
_ L Firm:__LOCKWOOD, ANDREWS & NEWNAM, INC.
-_— m Firm No.. F=2614
- .
< W o M n © o ™ @ 0 - ~ ”m @ 0 - ~ B m )} 0 = pote:10/6/2015
w <:: ur: cr: ur: <:: N: i w} . Eu c\: nrz <:: <:: 76.‘;@: 48" san= u’: c:: r—. r—. exist. 48@san- cr.: <r: N
§ o o © 5 % o ® Es ® ® ® % % s b3 © o o 5 5 |o 52 MEMORIAL CITY
6 33+00 34+00 35+00 36+00 % REDEVELOPMENT AUTHORITY
'- - S N W — — 7 7 7 7 ! 7 7 ‘/
<| —E=438 T 7 7 N 7 A7 L . /,(] | VAW AV avey avay Wi g 50 Q Lockwood, Andrews
= R S S \ \ E= 4941 —, & Newnam,Inc.
A LEO A DALY COMPANY
MEMORI AL DRIVE
48 N-T17000-031B-4
. | PROFILE
T PVMT & STM SWR IMPROVEMENTS
STA 32+50 TO STA 36+50
46 SHEET 18 OF 24

CITY OF HOUSTON
DEPARTMENT OF PUBLIC WORKS AND ENGINEERING

PROP TYP."C* M ON |BOX #hHOS PROP_TYP "C" MH_ON BOX_ *MH34 PROP_TYP "C"MH ON BOX #MH35 —— —
STA 34+00.00 STA 35+11.20 STA 36+47.80
2-10°X 10'RCB E = 49.66 (NW,SE 22 IOXIORCB | = 49.55 (NW,SE) 2-10°X10°RCB E = 49.41 (NW,SE)
24I|E = 5'{ |6 (NE) £9 I = J1.VOo oW/ L9 I = Ol.19 NINEY ST. & BRIDGE STORMWATER SWo
FACILITY
PROP_TYP "C"MH ON BOX #MHOT FILE Noa
STA [32+50.00 CITY DWG NO.
2-10’XI0'RCB & = 49.81 (NW,SE) DRAWING SCALE:
24'% = S5T.31 (NE,SW)
VERT: 1"=4
HORZ: 1"=40’
SHEET:
32+50 33+00 34+00 35+00 36+00 36+50 OF XX
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BENCHMARK:

CITY OF HOUSTON MONUMENT ____—____,
A BRASS DISK IN CONCRETE, LOCATED ON

MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH
OF OLD OAKS DRIVE INTERSECTION.

ELEV. 67.80 FEET NAVD 1988
(CORS96) (GEOID ’12A)*

* OBSERVED BY GPS SURVEYING AND PROCESSED

IN REFERENCE TO THE CORS
PROP_TYP "C"MH ON BOX #MHSI DATED DECEMBER 17,2014.

STA 37+56.00, 34.7'1T
TR = 67.79

4

PROP TYP. "BB" INLET #B06 PROP_TYP, 'BB"INLET #B104
STA 38+50.00, 32°LT
TC =767.08

PROP 6’ SIDEWALK

STA 40+20.00, 32°LT
TC = 66.72

PROP 6" CURB (TYP)

LEGEND:
|:> EXISTING TRAFFIC FLOW

mmm) PROPOSED TRAFFIC FLOW
EXIST ROW

¢] 10 20 40

e e e —

PROP 24" LEAD

-

1 INCH = 20 FEET

F |2 ] (REMOVE) Ns—mm==
ﬁf

PROP 24" RCP PROP 24" LEAD PRIVATE UTILITY LINES SHOWN

ICCarrillo

1:10: 42 PM

— .

C
=z
m
4]
>
o> (IN FEET)
o
+
(3.}
o
(V2]
m

Date:

38+00 'ﬁ BL MEMORIAL CENTERPOINT ENERGY/UNDERGROUND
L — LECTRICAL FACILITIES VERIFICATION ONLY.
e ——— —— E SIGNATURE VARIFIES EXISTNG UNDERGROUND FAGILITIES — NOT TO BE
USED FOR CONFLICT VERFICATION.) SIGNATURE VALID FOR SIX MONTHS.

PROP 2-10’x10’ RCB ‘i

Date:
CENTERPOINT ENERGY/NATURAL GAS

FACILITIES VERIFICATION ONLY.
(THIS SIGNATURE VERIFIES THAT YOU HAVE SHOWN CNP NATURAL GAS

~ A
— ] -
——— ——— p——
N LINES CORRECTLY — NOT TO BE USED FOR CONFLICT VERIFICATION.)
Sy — — (GAS SERVICE LINES ARE NOT SHOWN.) SIGNATURE VALID FOR SIX MONTHS.
N\, (REMovVE N
= ¢ A s = — S memT o -
‘ ,——'/ M Approved for AT&T Texas/SWBT underground
L (REMOVE) S —e——r conduit _facilities only.
3 \ = — e — 2 SIGNATURE VALID FOR ONE YEAR
EXRST . [ROW.
PROP 24" RCP / '
il

L

\ INTERIM REVIEW ONLY
Document incomplete: not intended
for permit, bidding or construction.

\ Engineer: BRAN R, WHITNEY MUHAMMAD ALI
P.E. Serial No. 81591 98146
PROP TYP "C"MH ON BOX #MHO4

v Firm:_LOCKWOOD, ANDREWS & NEWNAM, INC.
STA=40+.20.00. 5.5°RT Frn Moo F—2614

PROP_TYP_"C"MH ON BOX #MH54

%A 33;%3‘.‘.64, 26.5°RT Dote: 10/6/2015
e = 674 PROP_TYP "C"MH ON BOX_ #MHO4
PROP TYP "C"MH #MH57 PROP TYP "C MH, ON BOX #MHOS . STA 40+20.00, 16.5'RT
STA 38+27.90, 39.5'RT STA 38+50.00, 5'RT PROP_TYP "C"MH_#MH55 TR = 66.53
PROP 10’ SIDEWALK TR = 67.38 TR = 67.26 STA 38+94.00, 40.1'RT MEMORIAL CITY
PROP_TYP "C"MH_ON BOX *MHO5 TR = 67.37 REDEVELOPMENT AUTHORITY
PROP_TYP "C"MH_ON_BOX #MH36 ; -
STA 37+56.00, I5.5°RT R 38420.00, 1S.5'RT PROP TvP. 'BB"INLET #8103
U, o = o +20.00,
TR = 68.27 oROP TP, *BE INLET #8105 TC = 66.72 Q Lockwood, Andrews
PROP TYP "C"MH #MH56 PROP_TYP_"C"MH_ON BOX #MHS53 STA 38+50.00, 32'RT & Newnam, Inc.
STA 36+68.60, 41.5°RT %A_3g+%40. I5.5RT TR =67.08 A LEC A DALY COMPANY
TR = 68.82 ) MEMORI AL DRIVE
NOTES: N-T17000-031B-4
PROP_TYP_"C"MH_#MH52 1.ALL RCP ARE CLASS III UNLE AN & ERoree
"C" MH_ . SS OTHERWISE PVMT & STM SWR IMPROVEMENTS
W ee o NOTED. STA 36+50 TO STA 40+50
2.SEE_STORM SEWER LATERALS SHEETS FOR SHEET 19 OF 24
MORE INFORMAT LON.
CITY OF HOUSTON
3. SEE WATER & SAN SWR SHEETS FOR MORE DEPARTMENT OF PUBLIC WORKS AND ENGINEERING

INFORMATION.

4. PROPOSED HGL CALCULATED FOR POST-PROJECT
CONDITIONS USING NFOWORKS SD.

5. SEE_ROADWAY HORIZONTAL GEOMETRY SHEETS FOR
MORE INFORMATION.

6.SEE STORM_SEWER HORIZONTAL GEOMETRY SHEETS FILE NO
FOR MORE INFORMATION.

— —
WATER WASTEWATER TRAFFIC

ST. & BRIDGE STORMWATER swo

FACILITY

CITY DWG NO.

7.ALL EXISTING STORM SEWER TO BE REMOVED DRAWING SCALEs
UNLESS SHOWN OTHERWISE. MAINTAIN
DRAINAGE DURING CONSTRUCTION. VERT: |'=4’

HORZ: 1"=40'

@ SEE DRIVEWAY TABULATION & DETAILS SHEET St

OF XX

10/6/2015
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70

40+20.00
66.72'

~cl—pyvmt 68

B S - V4

% IN&S) | (+)0.30%

=
)

¢] 10 20 40

66 e e ey —

(IN FEET)
1 INCH = 20 FEET

ICCarrillo

1:1@: 52 PM

T 18 OF 24
T 22 OF 24

64 PRIVATE UTILITY LINES SHOWN

Dats:
CENTERPOINT ENERGY/UNDERGROUND
62 LECTRICAL FACILITIES VERIFICATION ONLY.
E SIGNATURE VARIFIES EXISTNG UNDERGROUND FAGILITIES — NOT TO BE

USED FOR CONFLICT VERFICATION.) SIGNATURE VALID FOR SIX MONTHS.

Date:
CENTERPOINT ENERGY/NATURAL GAS

60 FACILITIES VERIFICATION ONLY.
(THIS SIGNATURE VERIFIES THAT YOU

HAVE SHOWN CNP NATURAL GAS
LINES CORRECTLY — NOT TO BE USED FOR CONFLICT VERIFICATION.)
(GAS SERVICE LINES ARE NOT SHOWN.) SIGNATURE VALID FOR SIX MONTHS.

Date:
58 Approved for AT&T Texas/SWBT underground

conduit_facilities only.
SIGNATURE VALID FOR ONE YEAR

10/6/2015

INTERIM REVIEW ONLY

Document incomplete: not intended

56

for permit, bidding or construction.

Engineer: BRIAN R. WHITNEY MUHAMMAD ALl
PE. Serial No. 81591 98146
54 Firm:_LOCKWOOD, ANDREWS & NEWNAM, INC.

3t S G Y e AV ar.adey e vavel) /Jj/‘u T N

PROP 93,5 LF 2-10"x10’ RCB- PROP 43.5 LF 2-10'x10

o
2
o
o
—
T
N
1
X
o
o
2
w

Firm No.. F—2614
Date:_10/6/2015

@0. 10% @0.10% | RCB @0.10% @0. 10@

5.

©

a
8

7 sank

MATCHLINE LINE STA 36+50 SEE SHEE
MATCHLINE LINE STA 40+50 SEE SHEI

67 a9
Ol. 33
I
I
a
©l. 09
ca
1
&7 o=
7 29
Ol.c3
Ol.cU
a7 - Na
oil.Uo
CE QR

Py e
0o. VI
67 71
Of.
67 £7
&7 16
7 114
&7 17
00. JO
-
©0.

d 52 MEMORIAL CITY

p
r
u
37+00 38+00 I 39400 40+00 REDEVELOPMENT AUTHORITY
/]

\W
N
L\\
I
N
N
N
N
N
N
N
=
3
N
N
N
N
\\\l

o v A< | B | R 50 Q Lockwood, Andrews
\ £ = 49.01 I n & Newnam, Inc.

A LEO A DALY COMPANY

N

- MEMORI AL DRIVE
E = 494I — 48 N-T17000-031B-4
PROFILE

- PVMT & STM SWR IMPROVEMENTS
T STA 36+50 TO STA 40+50
46 SHEET 20 OF 24

PROP_TYP "C"MH ON BOX 3MH54 DEPARTMENT OF PUBLIC WORKS AND ENGINEERING

PROP_TYP "C"MH ON BOX #MHS5
TA 37+43.3

CITY OF HOUSTON
]
0

ROP_TYP "C"MH ON BOX *MH36 STA 38+9380 AROP TYP *C*MH ON BOX *#MHOA e E

E
A 40+20.00

4 (F-W)

(%]
(o]

TA 37+56.3 2-10’X10'RCB | E = 49.17 (E,W)

NN WD

9.0
JeUT AL, W/ ST. & BRIDGE STORMWATER swo

N
o
o
o

2-10X10/RCB E = 49.32 (NW,SE)
)

-10’X10'RCB E = 49.30 (NW,SE) 24" = 61.22 (N)
24"E = 56.82 (NE
61.22 (N)

"B =61.22 D) 24 = 56.67 (S) %
PROP, TYP "C" MH ON BOX #MHO5 2 26:54 1) Fad

STA 38+50.00 FILE NO<
2-10/X10'RCB E = 49.2| (E,W)

CITY DWG NO.

24"IE = 61.22 (N
24"E = 56.71 (S) DRAWING SCALE:

VERT: 1"=4’
HORZ: 1"=40'

36+50 37+00 38+00 39+00 40+00 40+50 STEET OF XX
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REGRADE DITCH TO RCP
STA 41+26.60, 5T.5'LT
FL = 64.50

MATCHLINE LINE STA 40+50 SEE SHEET |9 OF 24

REGRADE DITCH TO RCP STUB #B64

STA 41+64.50, 53.5'LT
FL = 64.50

PROP 6’ SIDEWALK

PROP TYP "BB"INLET #B102
STA 43+50.00, 28.9'LT
TC = 66.51

o TO Remay,

=

¥ p plq gos neGy’

7R CenterPoint Eneray -

1

] = R
PROP 24" RCP
e—n )

CID.R

MEMORIAL DRIVE
BL MEMORIAL DR.

<=

CUT 9'X9*
CULV AT JB
AND REMOVE

XREMOVE ABANDONED 24"
PROP 24" LEAD

~ perete — I [’

\

IERSET PLAC
H.CM.R

PROP_TYP "C"MH ON
STA 41+26.60, 5'RT
TR = 67.08

BOX #MH37

72T o\ EXIST RBN

PROP_JUNCT. BOX_#MHO |
STA 43+39.00, 1.5RT
TR = 66.74

PROP TYP "C"MH ON BOX *MH38

STA 41+64.50, 5'RT
TR = 67.19

grote inlyf
bb inlet

5'd bushiay

SOMERSET PLACE

OL. 22 ge
PROP 24" LEAD

PG. 132, H.C

18" tree

bush ro

SUBDIV
PROP 6"

PROP 10’ SIDEWALK

PROP_TYP '"BB"INLET *BIOI
%EA_ 43+E%(i.00, 32.9'RT

borehole #9

CURB

6

7

MATCI-ILINE‘ LINE STA 45+00 SEE SHEET ‘23 O.-' 24

(TYP)

NOTES:

.ALL RCP ARE CLASS III UNLESS OTHERWISE
NOTED.

.SEE STORM SEWER LATERALS SHEETS FOR
MORE INFORMATION.

. SEE WATER & SAN SWR SHEETS FOR MORE
INFORMATION.

« PROPOSED HGL CALCULATED FOR POST-PROJECT

CONDITIONS USING NFOWORKS SD

-SEE_ROADWAY HORIZONTAL GEOMETRY SHEETS FOR

MORE INFORMATION.

. SEE STORM_SEWER HORIZONTAL GEOMETRY SHEETS

FOR MORE INFORMATION.

+ALL EXISTING STORM SEWER TO BE REMOVED
UNLESS AIN

SHOWN OTHERWISE. MAINT
DRAINAGE DURING CONSTRUCTION.

@ SEE DRIVEWAY TABULATION & DETAILS SHEET

BENCHMARK:

CITY OF HOUSTON MONUMENT ____—____,

A BRASS DISK IN CONCRETE, LOCATED ON
MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH
OF OLD OAKS DRIVE INTERSECTION.

ELEV. 67.80 FEET NAVD 1988
(CORS96) (GEOID ’12A)*

* OBSERVED BY GPS SURVEYING AND PROCESSED
IN REFERENCE TO THE CORS
DATED DECEMBER 17,2014.

LEGEND:
|:> EXISTING TRAFFIC FLOW

mmm) PROPOSED TRAFFIC FLOW

¢] 10 20 40
(IN FEET)
1 INCH = 20 FEET

PRIVATE UTILITY LINES SHOWN

Dats:
CENTERPOINT ENERGY/UNDERGROUND
LECTRICAL FACILITIES VERIFICATION ONLY.
E SIGNATURE VARIFIES EXISTNG UNDERGROUND FAGILITIES — NOT TO BE
USED FOR CONFLICT VERFICATION.) SIGNATURE VALID FOR SIX MONTHS.

Date:

CENTERPOINT ENERGY/NATURAL GAS
FACILITIES VERIFICATION ONLY.
(THIS SIGNATURE VERIFIES THAT YOU HAVE SHOWN CNP NATURAL GAS
LINES CORRECTLY — NOT TO BE USED FOR CONFLICT VERIFICATION.)

(GAS SERVICE LINES ARE NOT SHOWN.) SIGNATURE VALID FOR SIX MONTHS.

Date:

Approved for AT&T Texas/SWBT underground

conduit_facilities only.
SIGNATURE VALID FOR ONE YEAR

INTERIM REVIEW ONLY

Document incomplete: not intended
for permit, bidding or construction.
Engincer: BRIAN R. WHITNEY MUHAMMAD ALl
P.E. Serial No. 81591 98146
Firm:_LOCKWOOD, ANDREWS & NEWNAM, INC.
Firm No.._F—2614

Date:_10/6/2015

MEMORIAL CITY

REDEVELOPMENT AUTHORITY
Lockwood, Andrews
& Newnam,Inc.

Ln A LEO A DALY COMPANY

MEMORI AL DRIVE
N-T17000-031B-4
PLAN

PVMT & STM SWR IMPROVEMENTS
STA 40+50 TO STA 45+00
SHEET 21 OF 24

CITY OF HOUSTON

DEPARTMENT OF PUBLIC WORKS AND ENGINEERING

— —
WATER WASTEWATER TRAFFIC

ST. & BRIDGE STORMWATER swo

FACILITY
FILE NO=

CITY DWG NO.

DRAWING SCALE:

VERT: 1"=4’
HORZ: 1"=40'

SHEET:

OF XX

1:11: 03 PM ICCarrillo

10/6/2015
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STA = 43+50.00
68 - N EL |= 66.51° 68
_ (+)0.30% = s ]
—— | 1 ——— —(2)0.40% (N&S) |+ (#)0.37%_(N&S) SIS B S N E— o o o0 0
66 ;f, _ 11 1 - 1N . N § 66 e s ™ e E—
i T | “Yn—curb —
wl—7 L ‘ A VA Z i INLEE{N:F;ET;EET
o “n—ditc \“"/\—\ ‘ et Sy / / / / - o
P 18" fop- o | L L A < 64 PRIVATE UTILITY LINES SHOWN
N i é b || - ATa] TEXRS/SWET ya N
‘B o 2-4" ducts® - 20 TC
- — v B ‘ 4 L i - Date:
w i N V7 | || w CENTERPOINT ENERGY/UNDERGROUND
62 wl approy. elev._ i ! — g A 62 LECTRICAL FACILITIES VERIFICATION ONLY.
I p— = 2% = p— I IE SIGNATURE VARIFIES EXISTNG UNDERGROUND FACILUTIES — NOT TO BE
m IH I e s I I /*L:;, 77777 | m USED FOR CONFLICT VERFICATION.) SIGNATURE VALID FOR SIX MONTHS.
w ; / A ® \ iWT*JTjE AS/SUBT 1 S N / ) w
Y )— ucts® ™ ' e e Date:
wl————H - == v/ iy e - A\ > w CENTERPOINT ENERGY/NATURAL GAS
60 = Z x . X / A 72} 60 FACIUTIES VERIFICATION ONLY.
v T Z L Z_ ‘—L\i (THIS SIGNATURE VERIFIES THAT HAVE SHOWN CNP NATURAL GAS
o i N o (5 SERGE LNES ARE NOT SHOWE) SCNATURE VALD FOR S0 HoNTHS.
T e A . = - o
+ \ T T T Ty T \ n - + Date:
58 g N £ Q 58 Approyed f?f 'AT&T Texas/SWBT underground
‘7 \ g N ‘L Sl el o e
< < - T8 . <
- L ¥ . AN 1, STA 43+42.50 - INTERIM REVIEW ONLY
56 (72) Y . | 24"E = 58.00 (N) 7)) 56 : .
7 — 7// - — —— Document incomplete: not intended
— T 7 X V7 N A VA— 4 & for permit, bidding or construction.
W Vi VTS ST, S G Vi T iy S Z X > ”
§ i N PROP_ JUNCT. BOX #MHO| § e atee
- ’ ’ - ’ ’ STA 43+3g.00 erig 0.
54 o PROP 76.5 I;l; ?IO;O x10’ RCB PROP 40 LF g ]Ig"x1) RCB 10’ |ORCR. E/=49.73 (E) w 54 FWWM?%:.{?DRM_&_NMJ&
- B 7 2-107X10’RCB I/ =48.73 (W) ist. 48" sgu Firm No-._E=
Z X o o N © < a - m 1) ~ o — EX &Q(S:RCB £ 545.80 N g, ‘/ ~ < E 7N )] Z pote:10/6/2015
- cr.: CF: <r: <:: o. ™ = ™ o. cr: cr: r-: r. EX 95?2(9 RCB [::?5,77 (S) &lz p r—. ) co. / ()] <r: |
p = © © © ~ ~ ~ ~ ~ ~ © © © u © © /cé[ cg«'g i / © © pu g
52 rEy ©| © © © © © © © © © © © O © © [ .« © © [E) 52 MEMORIAL CITY
Lt 41+00 42+00 434 — T {7 /34?00 o y Vs = REDEVELOPMENT AUTHORITY
< - — 7 — T 7/ — v | / T /J T z —— e 7 7T / / *:/ / 7 77 Z | /Jj\ yan F_ [ % v A — d A <
£ v D A A4 | /2 v / | . -
=21 27 v //,L WA S Sm— A S A A J//‘/ /‘/ E = 49.89 =
4 = 4% Lockwood, Andrews
50 i ( \ 50
w \ & Newnam,Inc.
\ ) //\// A LEO A DALY COMPANY
s
K/ 4% MEMORIAL DRIVE
48 1/ 48 N-T17000-031B-4
- = 49.01 P PROFILE
/‘/ PVMT & STM SWR IMPROVEMENTS
o /L STA 40450 TO STA 45+00
" '|' A 6 SHEET 22 OF 24
x990 7 CITY OF HOUSTON
jorilnes j P DEPARTMENT OF PUBLIC WORKS AND ENGINEERING
WATER WASTEWATER TRAFFIC
PROP TYP "C"MH ON BOX #MH37 PROP TYP "C"MH ON BOX #MH38
STA 41+26.60 STA 41+64.50
2-10XT0’'RCB K = 48.93 (E,W) 2-T10’XT0’RCB E = 48.90 (E,W ST.& BRIDGE STORMNATER swe
24" = 61.22 (N,S) 24"E = 61.22 (N,S)
FILE NOw mau
CITY DWG NO.
DRAWING SCALE:
VERT: 1"=4"
HORZ: |"=40"
SHEET:
40+50 41+00 42+00 43+00 44+00 45+00 OF XX

ICCarrillo

1:11: 13 PM

10/6/2015
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BENCHMARK:

CITY OF HOUSTON MONUMENT ____—____,

A BRASS DISK IN CONCRETE, LOCATED ON

MEMORIAL DRIVE APPROXIMATELY 150 FEET SOUTH
PROP TYP "C"MH #MH40 OF OLD OAKS DRIVE INTERSECTION.
STA 48+27.50, 35.8'LT
TR = 67.27

ELEV. 67.80 FEET NAVD 1988
(CORS96) (GEOID ’12A)*

* OBSERVED BY GPS SURVEYING AND PROCESSED
IN REFERENCE TO THE CORS
DATED DECEMBER 17,2014.

=

PROP 24"RCP

PROP_TYP "C"MH_#MH39
STA 48+09.00, 35.2'LT
TR = 67.14

PROP_TYP "C"MH #MH4|
STA 48+55.80, 35.60°LT
TR = 67.46

PROP_TYP "BB"INLET #B|34
STA 47+50.24, 35'LT
TC 723

J BLOCK 4
s ODLA H[ HOLLO o
- 1 < \OH Two S

AMREIT A\ IEMORI

LANTERN LANE, LP
7 CRES

sprinkler head

8'd hedge ro
n qu

Fnra inlet

LEGEND:

|:> EXISTING TRAFFIC FLOW

'_wood fence

“(To REMAIN)

e e S mmm) PROPOSED TRAFFIC FLOW

"'"'-" exist. 5. Pt i < T piEx=iivg TN S 3
i - - S
———JREMOVE == e w1/ B S —————

2P0 Exist. 15" san

B
o M
E<4

¢] 10 20 40
(IN FEET)
1 INCH = 20 FEET

Sextst—48 | so

PROP 42" RCP

7—1rt4o <an ) 1 N —

T
PROP 24" LEAD o
MEMORIAL DRIVE B

ICCarrillo

1:11: 25 PM

BL MEMORIAL DR. __———"‘" PRIVATE UTILITY LINES SHOWN

— _______——q'H-‘U‘trPH LT PAVING
PR

Date:

CENTERPOINT ENERGY/UNDERGROUND
LECTRICAL FACIIJTIES VERIFICA'HON ONLY.
INDERGROUND FAGILITIES — NOT TO BE
uzn an onNFl.lcr vmncmm) semnun: VALD FOR SIX MONTHS.

Date:

CENTERPOINT ENERGY/NATURAL GAS

FACIIJ11ES VERIFICA110N ONLY

(1'H T YOU HAVE mam mp Nmml. GAS
LINES conm crr Tu E USED FOR CONFLI ION.)

(GAS SERVICE LINES ARE NOT SHOWN) SIGNATURE VAIJD roa sx MONTHS.

_A\L 1_;\;?_._7@43——
- A ooreecab —

Date:

- Approved for AT&T Texas/SWBT underground
/A — - conduit_facilities only.

B %hain Nk fence

10/6/2015

SIGNATURE VALID FOR ONE YEAR
CONNECT"TO
o RROB ZAESIY INTERIM REVIEW ONLY

Document incomplete: not intended
for permit, bidding or construction.

- canopy —

MATCHLINE LINE STA 45+00 SEE SI-IEET 21 OF 24

, Engineer: BRIAN R. WHTNEY  MUHAMMAD AUl
PROP 10" SIDEWALK P.E. Serial No. 81591 98146

PROP 6" CURB (TYP) Firm:_LOCKWOOD, ANDREWS & NEWNAM, INC.
. Firm No.. F—2614

PROP_TYP "C"MH ON BOX #MHO3 Date:_10/6/2015

STA 48+00.00, 4.5'RT
TR = 67.57

x ¢t onl

SLEERY HOLLO S
(UNRECORBED SUBDIVISIO

PROP_TYP "C"MH ON BOX #MHO3 MEMORIAL CITY

'|S'§A 43;-%(3).00 16.7° REDEVELOPMENT AUTHORITY

PROP _TYP "C"MH ON BOX #MHO02
STA 4‘;(_?-50 .24, 4.5'RT

PROP_TYP_*C"MH ON BOX #MHE0 gNRPOX *MHEO PROP_TYP 'C"MH ON BOX #MHO2

STA 45+23.80, 6. N
TR = 67.01 %'RI'A=4g{Fi%.24. 16.7T'RT

PROP 24"RCP Q Lockwood, Andrews
& Newnam,Inc.
A LEO A DALY COMPANY

PROP TYP "C"INLET W/ EXT #B|37

STA 47+99.00, 35RT
_ ’ MEMORIAL DRIVE
" A7 TC = 67.46
PROP 24" RCP PROP TYP 'AZ2G*INLET #B133 N-T|7(£%?3IB-4

g S
. 1.ﬁ(|7)'lL'EBCP ARE CLASS III UNLESS OTHERWISE PVMT & STM SWR IMPROVEMENTS

PROP_TYP_'C"MH_#MH6 | ' STA 40+50 TO END PROJECT
'IS'-RrA=465;.%I§(.80' 49.7'RT 2.SEE_STORM SEWER LATERALS SHEETS FOR SHEET 23 OF 24

MORE INFORMATION
CITY OF HOUSTON
3.SEE WATER & SAN SWR SHEETS FOR MORE DEPARTMENT OF PUBLIC WORKS AND ENGINEERING

INFORMATION. WATER WASTERATER TRAFFIC

4.PROPOSED HGL CALCULATED FOR POST-PROJECT
CONDITIONS USING NFOWORKS SD.

ST. & BRIDGE STORMWATER swo

5. SEE_ROADWAY HORIZONTAL GEOMETRY SHEETS FOR
MORE INFORMATION.

FACILITY

6. SEE STORM SEWER HORIZONTAL GEOMETRY SHEETS FILE NO=
FOR MORE INFORMATION.

CITY DWG NO.

7.ALL EXISTING STORM SEWER TO BE REMOVED DRAWING SCALE:
UNLESS SHOWN OTHERWISE. MAINTA
DRAINAGE DURING CONSTRUCTION. VERT: |'=4/

HORZ: 1"=40'
SHEET:

@ SEE DRIVEWAY TABULATION & DETAILS SHEET
OF XX

ci\projectwise\iccarri | |o\dB254550\ 024 -PR-RDWY 23. dgn
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Dats:
CENTERPOINT ENERGY/UNDERGROUND
62 LECTRICAL FACILITIES VERIFICATION ONLY.
E SIGNATURE VARIFIES EXISTNG UNDERGROUND FAGILITIES — NOT TO BE

== = 7 . J . USED FOR CONFLICT VERFICATION.) SIGNATURE VALID FOR SIX MONTHS.

Date:

CENTERPOINT ENERGY/NATURAL GAS
60 FACIITIES VERIFICATION ONLY,
(THIS SIGNATURE VERIFIES THAT YOU HAVE SHOWN CNP NATURAL GAS

LINES CORRECTLY — NOT TO BE USED FOR CONFLICT VERIFICATION.)
(GAS SERVICE LINES ARE NOT SHOWN.) SIGNATURE VALID FOR SIX MONTHS.

Date:
Approved for AT&T Texas/SWBT underground

58

conduit_facilities only.
SIGNATURE VALID FOR ONE YEAR

10/6/2015

INTERIM REVIEW ONLY

3 Document incomplete: not intended

) Y B L

), & 10 0 OP 226.5 LF 2-10/x10’ RCB PROP 34 LF 2-10’'x10’ RCB- — PROP
"% 0.10% @0. 10% @0. 10% 1] ‘ ‘ Engineer: BRIAN R WHINEY _MUHAMMAD AL
] N/ PE. Serial No. 81591 98146
—exipt—48" s Lexist. 48" lsan., \( 54 Firrm:_LOCKNOOD, ANDREWS & NEWNAM, INC.

for permit, bidding or construction.

sa- — = ) Firm No.._F=2614
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50 Q Lockwood, Andrews
& Newnam,Inc.

A LEO A DALY COMPANY

MEMORI AL DRIVE
48 N-T17000-031B-4
PROFILE

£ = 49.8 PVMT & STM SWR IMPROVEMENTS
STA 40+50 TO END PROJECT

PROP_TYP "C"MH ON BOX #MHO2 PROP_TYP "C"MH ON BOX #MHO3 46 SHEET 24 OF 24

(=]

R FMH02 O A Tres CITY OF HOUSTON

|<n

'RCB E = 43.91 (E,W) 24"E = 57.41 (N,S) 42"E = 56.00 (N) —— e

Y
5+(23-80 2-10°X10°RCB K = 50.13| (E.W) 2-10’X10RCB E = 50.17 (E,W) DEPARTMENT OF PUBLIC WORKS AND ENGINEERING
57.41 (S) 24"E = 57.41 (S)

ST. & BRIDGE STORMWATER swo

FACILITY
FILE NO=

CITY DWG NO.

DRAWING SCALE:

VERT: 1"=4’
HORZ: 1"=40'
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