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Glossary of Terms

Following are definitions of a number of technical terms used in this report. These are provided
in order to allow the reader to gain a better understanding of the methods, data, and
assumptions used in the city-wide drainage study, as well as the results obtained.

Acre-Foot — This measure of storage is defined as one acre of land inundated at a depth of
one foot. Because one acre of land covers 43,560 square feet, an acre-foot therefore totals
43,560 square feet x 1 foot = 43,560 cubic feet. In common usage by engineers, an acre-
foot of storage represents any product of area and depth that yields a value of 43,560 cubic
feet (e.g., 4,356 feet x 10 feet = 43,560 cubic feet = 1 acre-foot).

Capacity — The capacity of a drainage system refers to the ability of that drainage system to
carry the peak (maximum) runoff rate from a designated design storm event. For example,
a storm sewer with 2-year storm capacity has the ability to collect and convey the peak
runoff rate generated by that rainfall event within the pipe system without overflow or
flooding along streets drained by the system.

Capital Improvements — This term refers to significant public infrastructure projects for
which a city or county has establish a priority and set aside funding. Capital improvement
planning typically involves proposed improvements over a 5-year to 10-year period of time,
and possibly longer.

Detention — The term “detention” refers to the temporary storage of storm water for the
purpose of mitigating a potential downstream impact. The impact typically results from an
increase in runoff due to the placement of impervious materials or to increases in peak
runoff rates due to increased efficiencies in drainage systems, as happens when natural
overland drainage is replaced with storm sewer systems. Detention may take the form of
“on-site” storage, which is located on or immediately adjacent to a project site, or “off-site”
storage, which is provided at a location some distance from the project site.

Earthen Channel — An “earthen” channel is one that is not lined with concrete or other
material. The slopes and bottom of an earthen channel are typically covered with grass.

Opinion of Probable Cost — This term refers to an estimate of design and construction
costs for a given project. This estimate is based on the best available information, including
construction quantities based on engineering studies, reasonable and up-to-date unit costs
based on recent actual bids, and engineering design costs based on generally accepted
percentages of construction cost. Opinions of probable costs are subject to change as unit
prices often fluctuate over time, and data and assumptions may change as more detailed
design information is developed. A contingency is typically included in an opinion of
probable cost to cover potential costs associated with ancillary items not identified in detail
for planning studies. The contingency is reduced as more detailed designs and estimates
are prepared. In this report, opinions of probable cost do not include costs (land acquisition,
design, or construction) for detention.
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Planning Area — A “planning area” is defined for this report as a geographic region for
which requirements for drainage infrastructure upgrades have been defined. The number of
planning areas is based on a desire to maintain an average cost of around $5,000,000 per
planning area. Note that planning area numbering sequences do not identify priority of
improvement or future implementation.

Recurrence Interval — This is the average, long-term interval between storm events that
produce a given rainfall depth within a given duration. For example, a 2-year event might be
expected to occur, on average, about once every two years. The storm probability (change
or occurring within any given year) is estimated using the following equation.

Probability = [1 / Recurrence Interval] x 100%
For example, the probability of occurrence of a 100-year event is [1/100] x 100% = 1%.

Trunk Line — A main storm sewer line that collects runoff from smaller, tributary storm
sewer lines and carries the combined flow to an outfall at the drainage channel.

Two-Year Storm — A rainfall event that has approximately a 50% chance of occurring in any
given year. The event is typically categorized as a given amount of rainfall in a specified
period of time. This data is based on statistical studies of historical rainfall events in the
Houston metropolitan area.

One Hundred-Year Storm — A rainfall event that has approximately a 1% chance of
occurring in any given year. The event is typically categorized as a given amount of rainfall
in a specified period of time. This data is based on statistical studies of historical rainfall
events in the Houston metropolitan area.

NOAA Atlas 14 — This term refers to National Oceanic and Atmospheric Administration
(NOAA) publication titled “Atlas 14, Volume 11 Precipitation-Frequency Atlas of the
United States, Texas” and issued in October 2018 to provide updated rainfall data for
storm events ranging from the 2-year through 1000-year recurrence interval and from
5-minute to 60-day duration. Rainfall depths published in Atlas 14 are generally
higher than those used previously in the Houston area. The following table provides a
comparison of pre-Atlas 14 and Atlas 14 rainfall values for 2-year and 100-year events
with durations ranging from 5 minutes to 1 day.

Summary of Rainfall Totals
Pre-NOAA Atlas 14 and NOAA Atlas 14

Duration | 5-min | 15-min | 30-min | 1-hour | 2-hour | 3-hour | 6-hour | 12-hour | 1-day

Pre-NOAA Atlas 14 Data

2-Year 0.7 1.1 1.5 2.0 2.3 2.6 3.1 3.7 4.4

100-Year | 1.2 2.1 3.0 4.3 5.7 6.7 8.9 10.8 13.2

NOAA Atlas 14 Data

2-Year 0.58 1.17 1.67 2.22 2.79 3.13 3.75 4.40 5.11

100-Year | 1.26 2.49 3.48 4.78 6.89 8.48 11.30 14.00 14.90
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(713) 622-9264




FR

Executive Summary

HDR Engineering, Inc. (HDR) has completed drainage planning studies and assessments for the
City of West University Place (City) per the approved proposal dated July 12, 2017. These efforts
were performed in phases, and the scope of work for different portions of the city varied according
to the type of work requested by the City and the level of detail required from one area to the
other. The combined effort reflects a general city-wide drainage capacity evaluation, with more
detailed assessments and studies of specific areas within the City. The methodology, results, and
recommendations related to each portion of the work are discussed in this report. Previous
drainage capacity evaluations that were completed for the City are also discussed. The overall
work effort is divided into five (5) phases as described below.

Phase 1: City-Wide Drainage Evaluation. The first phase of the effort involved a general,
city-wide evaluation of existing storm sewer systems within the City of West University
Place. This evaluation was aimed at identifying those portions of the City where drainage
improvements may be needed to convey the City’s basic requirement of a 2-year storm
event as defined by the City of Houston. This standard storm event is widely used and
accepted by many cities throughout the Greater Houston Area.

The Phase 1 effort included capacity evaluations, identification of storm sewers with
insufficient capacity to satisfy basic requirements, and the development of
recommendations for storm sewer sizing in areas where capacity deficiencies were
identified. Existing storm sewer alignments were also evaluated to determine whether
changes would lead to cost efficiencies. The city-wide drainage evaluation is further
discussed in later sections of this report.

Phase 2: Buffalo Speedway Drainage Analysis. This phase of the effort involved a
detailed analysis of existing Buffalo Speedway drainage capacity and the development of
recommendations for increasing capacity to limit roadway flooding during periods of heavy
rainfall. This effort is connected with proposed Buffalo Speedway paving improvements
using funds provided by the Houston-Galveston Area Council (HGAC) via the
Transportation Improvement Program (TIP). The Buffalo Speedway drainage analysis,
results, and conclusions are presented in a draft October 19, 2018 report titled “Buffalo
Speedway Improvements — Drainage Preliminary Engineering Report” (Appendix A).

Phase 3: Identification of Potential Near-Term Drainage CIP Projects. This phase of
the work effort involved the identification of potential Capital Improvement Projects (CIP)
in Planning Areas 1 through 3, which are located in the eastern and southwestern portions
of the City. Later sections of the report describe additional planning areas established
around the City. Planning Areas 1 through 3 were defined via review of the drainage
assessments completed in Phase 1 and the City’s Roadway Rehabilitation Status Map
dated 2017 (Attachment A) .  Planning area boundaries for Areas 1 through 3 were
developed by identifying areas where both drainage and roadway upgrades are needed.
Preliminary storm sewer sizing calculations and a preliminary opinion of costs for each
planning area were prepared in connection with the Phase 3 work effort.
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e Phase 4: Drainage Improvements for Cul-de-Sac Streets. This phase of the work effort
involved an evaluation of drainage along nine (9) City streets which terminate at cul-de-
sacs and drain to an existing “shared” storm sewer system located along the shared
corporate boundary between West University Place and Southside Place. These streets
were originally evaluated in 2017 and then re-evaluated as part of Phase 1 as described
above. Because the existing shared system receives storm runoff from both cities, and it
is located in a limited easement with significant encroachments and obstacles to access
that may impede construction, a plan was developed for utilizing a new storm sewer
alignment along Auden Street in Southside Place. Our analysis indicated that drainage
improvements constructed along Auden would significantly improve drainage along the
nine referenced streets within West University Place.

e Phase 5: City-Wide Drainage Improvements. This phase of the work effort involves
the development of a city-wide drainage strategy, incorporating previous work completed
in Phases 1 through 4 plus the development of recommendations for additional Planning
Areas located around the City. Subsequent sections of this report describe the plan and
summarize the probable costs of all improvements identified in connection with the overall
study effort.

The results of these investigations indicate that about one-half of the City’s existing storm sewer
pipes satisfy the 2-year capacity requirement. Trunk lines along Academy Street and Buffalo
Speedway, in addition to the shared system along the boundary between West University Place
and Southside Place, are undersized and in need of improvement. In order to facilitate the
planning and funding of drainage projects within the City, twelve (12) Planning Areas have been
established around the city, and a number of trunk line improvement projects have been identified.

Opinions of probable costs associated with the general Planning Area upgrades to all storm sewer
collection systems and drainage trunk line upgrades total approximately $85,200,000 without

accounting for detention. Detention estimates developed :
. . . . : : WestU | Required
in connection with this study are summarized in the table Drainage Area | Area Detention
at right by major drainage area. Detention evaluations (acres) | (acre-feet)
completed in 2016-17 indicate that properties of the size | Academy 272 326
necessary to provide regional detention are not available | College/Shared 157 18.8
within the City or within the immediate vicinity. | Poor Farm 339 40.7
Coordination with the City of Houston and Harris County | Buffalo Spdwy. | 360 432
Flood Control District may allow the City of West |KirbyDrive 190 228
Totals 1,318 158.1

University Place to negotiate terms regarding a regional
detention arrangement that would prove beneficial and cost effective solutions. The information
on the following page represents individual trunk line and priority area projects.

The National Oceanic and Atmospheric Administration (NOAA) published “Atlas 14, Volume 11
Precipitation-Frequency Atlas of the United States, Texas” in October 2018, after the
studies referenced in this report had been completed. The pre-Atlas 14 data were used
for the studies described in this report. In order to account for the potential adoption of Atlas
14 and use of increased rainfall values in the future, an “Atlas 14” adjustment of 5% has been
developed opinions of probable cost generated for Planning Areas 1 through 12. The Atlas 14
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adjustment is not applied to Trunk Line projects, as the methods used for those projects to
establish drainage requirements and costs were more stringent and somewhat more conservative
than those applied to the local planning area systems.

Trunk Line Project Costs

Academy Street (Base Option) ................... $ 14,700,000
Shared System /Auden ..................ooen $ 3,100,000
Buffalo Speedway .............coooiiiiiiiin. $ 15,200,000
Sub-Total for Trunk Line Projects ............... $ 33,000,000
Planning Area Project Costs
Planning Area #1 ..o, $ 6,900,000
Planning Area #2 ..........cccoooiiiiiiiiiiiiii. $ 8,400,000
Planning Area#3 ... $ 9,400,000
Planning Area #4 .............ccooiiiiiiiiiiiin. $ 3,300,000
Planning Area #5 ..........cccoooiiiiiiiiiii, $ 4,500,000
Planning Area #6 ............coccooiiiiiiiiiiin.. $ 2,600,000
Planning Area #7 ..........cccoooiiiiiiiiiiiiinn. $ 2,700,000
Planning Area#8 ... $ 2,000,000
Planning Area #9 .............ooiiiiiiii $ 2,800,000
Planning Area #10 ..., $ 2,800,000
Planning Area #11 ... $ 3,100,000
Planning Area #12 ..., $ 3,700,000
Sub-Total for Planning Areas ..................... $ 52,200,000
Contingency for Update to NOAA Atlas 14 Rainfall $ 2,600,000
Total for Trunk Lines & Planning Areas ............... $ 87,800,000
Future Detention CoSt .........c.covevviiiiiiieiiiieeeneans $ TBD
Total Project Cost .......coviiiiiiieceeeeeee e $ TBD

Opportunities for grant funding and other funding assistance are being pursued by the City as
appropriate to satisfy the financial requirements associated with future drainage improvements
and related roadway rehabilitation work. Additionally, sharing of funding with the City of Southside
Place is being investigated in connection with the Shared System/ Auden project.
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Background Information

The City of West University Place is located in southwestern Harris County at 29°42'57"N
95°25'59"W (29.715929, —95.432992). Figure 1 illustrates the City limits and its boundaries. The
City’s drainage infrastructure was originally developed in the 1940s and consists of reinforced
concrete pipe storm sewers with curb-and-gutter streets that convey storm water along the
surface during heavy rainfall events.
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Figure 1: General Vicinity Map

Drainage typically follows topography, and in the City of West University Place, ground elevations
are highest in the northwestern portion of the City and lowest in the southeastern portion. Figure
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2 illustrates the general topography of the City, with red areas indicating relatively high elevations
and blue areas indicating areas of relatively low elevations.

Significant areas within the City of Houston drain through West University Place in existing
drainage systems running from north to south, including Academy Street, Buffalo Speedway, and
Kirby Drive storm sewers, as well as Poor Farm Ditch. The City of Bellaire, on the other hand, is
separated from West University Place by a railroad embankment, and only a very limited amount
of storm water crosses the shared corporate boundary between those cities.
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Figure 2: Topographic Map

Drainage Infrastructure: Past and Present

The City of West University Place is located within the Brays Bayou watershed. An array of
waterways and drainage systems collect the City’s storm water runoff and carry it southward to
Brays Bayou. The channel of Brays Bayou passes a short distance to the south of the City, flowing
generally from west to east (See Figure 1). Storm runoff from the City is drained southward to
Brays Bayou via a number of waterways and drainage systems, including Kilmarnock Ditch, Poor
Farm Ditch, and the Kirby Drive storm sewer system (see Figure 2 for locations of City outfalls).
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Figure 3 and Figure 4 illustrate sections of the Brays Bayou channel. As indicated in these
photographs, the channel is very large and well-defined, with concrete lining in the lower section
to increase conveyance capacity and protect the channel from erosion.

Figure 3: West Side of Brays Bayou at Stella Link Road (South of the City)

Figure 4: East Side of Brays Bayou at Buffalo Speedway (South of the City)

hdrinc.com 4828 Loop Central Drive, Suite 800, Houston, TX US 77081-2220
(713) 622-9264



FR

The original street and drainage layout developed for West University Place in 1943 is illustrated
in Figure 5. That original drainage system included storm sewer systems that drained to
Kilmarnock Ditch, Poor Farm Ditch, and Kirby Drive and then on to Brays Bayou in much the
same way as they do today. The general alignments and locations of the major drainage systems
outlined in Figure 5 have not significantly changed in most areas of the city, with the exception of

the Kirby Drive system, which drained to the east in 1943 but now continues to the south along
Kirby Drive to Brays Bayou.
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Figure 5: Original Street and Drainage Layout Developed in 1943

The photographs below illustrate a portion of West University Place as it appeared in 1946, along
with a view of the same area in 2019. These photographs are provided to demonstrate that
drainage conditions have changed significantly since the City’s original storm sewer drainage
system was designed in 1943. As may be noted from an examination of the photos, the amount

of impervious cover has increased significantly as homes have become larger and more closely
spaced.
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Figure 6 is a December 1944 map that
shows the area originally developed as West
University Place. Brays Bayou, Kilmarnock
Ditch, and Poor Farm Ditch are clearly
visible in the figure. It should be noted that
the areas north and south of West University
Place were undeveloped in 1944. These
areas were subsequently developed as
single-family, multi-family, and commercial
areas within the city of Houston.

These photographs are provided for the
purpose of illustrating the changes that have
occurred in terms of urbanization in and
around the City of West University Place
over the years. As a result of the increase
area and density of development in the area,
storm runoff rates and runoff volumes have
increased significantly over the years.

In addition to illustrating urbanization
patterns, Figure 6 also illustrates the fact
that a number of major drainage
infrastructure components in the West U
area have been in place for many years.
Kilmarnock Ditch may be seen extending
southward from Bellaire Boulevard to Brays
Bayou, and Poor Farm Ditch still follows the
same basic course to Buffalo Bayou that it
did in 1944. Brays Bayou is also clearly
visible, but was much smaller and had not
been concrete lined as it is today.

Another difference between prior and current conditions involves the Kirby Drive outfall to Brays
Bayou, which did not exist in 1943. As indicated in Figure 5, the original Kirby Drive system
drained to the east. Later improvements by the City of Houston resulted in construction of the
existing outfall to Brays Bayou.

The information provided in this section illustrates the changes that have occurred over a period
75 years within and around the City of West University Place. Those changes include increased
development north and south of the City, coupled with increased impervious cover within the City
itself. These changes have increased storm runoff and runoff rates, increasing the load on the
drainage system within West University Place.
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In 1993 Langford Engineering, Inc. and the City of West University Place kicked off an
infrastructure planning program. Engineering work on the program was subsequently taken over
by Claunch & Miller, Inc. Significant infrastructure rehabilitation projects were completed within
the City between 1993 and 2006, including reconstruction and replacement of roadways, water
lines, and sanitary sewers. Work has been completed in all areas of the city, but improvements
to drainage systems has in most parts of West University Place were limited to inlet upgrades and
replacement of existing pipes that were in poor condition or past their life expectancy. All

upgraded storm sewer elements were designed for a 2-year storm event per standard practice in
the Houston area.

Figure 7 illustrates the status of street rehabilitation work in the City of West University Place.
The streets categorized as “asphalt overlay” and “point repair” have been repaired as needed to
address condition issues but not fully rehabilitated since the 1993 priority area map and overall
City infrastructure plan were developed. All other West U streets have been fully rehabilitated.

The work completed within the City represents a significant commitment to updating infrastructure
within West University Place.
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Brays Bayou and its Effect on West University Place
Introduction

Brays Bayou has a significant effect on drainage and flooding potential within the City of West
University Place. With a drainage area of 127 square miles, Brays Bayou is one of the major
drainage arteries in Harris and Fort Bend Counties. The channel of Brays Bayou and most of its
tributaries have been deepened, widened, and straightened over the years to improve flow
capacity, and the channel of Brays Bayou itself is concrete lined for much of its length.

Project Brays

The Harris County Flood Control District (HCFCD) has worked for a number of years on a series
of major drainage improvements known as Project Brays, a cooperative program funded via
federal/local cooperation and administered locally by the HCFCD. Project Brays has added large
regional detention facilities, channel improvements, and bridge replacements in an extensive
effort to reduce flooding potential along the main stem of Brays Bayou.

Notwithstanding all of these efforts, severe rainfall may still cause the flood level in Brays Bayou
to reach a point where either flood flows overtop the banks of the bayou and directly flood streets
and homes within West University Place or the backwater effect from the Bayou reduces the
efficiency of the storm sewers and channels that drain the city, causing secondary flooding of
streets and homes when local rainfall is heavy. Figure 8 illustrates the effective floodplain
boundaries published in 2007 and currently recognized by the Federal Emergency Management
Agency (FEMA) in the vicinity of the City of West University Place. Note that these boundaries do
not reflect the benefits of Project Brays, which are projected to reduce, but not eliminate, the
potential for flooding along the Bayou.
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Figure 8: FEMA Effective Brays Bayou Floodplain (Approved June 18, 2007)
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Other Factors to Consider

It is important to note that flooding may occur in West University Place even if flood elevations in
Brays Bayou do not exceed the top of bank elevation or the 100-year flood elevation. Ground
elevations in the City are lower than Brays Bayou 100-year flood levels in a significant portion of
the city, and even a 10-year flood elevation in Brays Bayou may cause enough backwater effect

to reduce storm sewer efficiency or create street flooding as water travels up the storm sewer
systems and flows out of inlets.

Stream Gages and Historical Data

Stream gages operated by the HCFCD are located along the entire length of Brays Bayou. Two
of those gages (South Main and Stella Link) are located in the immediate vicinity of the City of

West University Place. Figure 9 illustrates the locations of those gages relative to the corporate
boundaries of the City.
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Significant flood events along Brays Bayou have been recorded since 1973. Table 1 presents a
summary of some of the more significant events with high water mark (HWM) elevations at the
South Main and Stella Link crossings of Brays Bayou. The first few rows of Table 1 provide top of
bank and flood frequency elevation data for each gage. The bottom portion provides high water
mark elevations for various storm events.

Table 1: Brays Bayou Gage Data

Data for South Main Gage Data for Stella Link Gage
Condition/Event Elevation Condition/Event Elevation
Top of Bank 45.0 Top of Bank 48.4
10-Year ' 41.0 10-Year ' 455
50-Year ' 43.1 50-Year ' 475
100-Year ' 45.7 100-Year ' 49.6
500-Year ' 50.0  [500-Year' 51.8
Date Event HWM Elev. Date Event HWM Elev.
6/18/1973 |  --—-- 41.21 6/18/1973 |  -—-—-- 45.08
8/31/1981 | - 41.51 8/31/1981 |  --—-- 46.08
8/18/1983 Alicia 37.41 8/18/1983 Alicia 42.68
9/19/1983 | - 42.41 NoData? |  cco | o
8/1/1989 Chantal 38.81 NoData® | — —— | -
NoData? | — —n | - 3/4/1992 | - 44.98
10/18/1994 | - 42.21 10/18/1994 | - 45.98
9/11/1998 Frances 39.61 9/11/1998 Frances 44.28
6/9/2001 Allison 42.91 6/9/2001 Allison 48.38
11/17/2003 |  -—--- 40.61 11/17/2003 | - 46.38
9/13/2008 lke 41.30 9/13/2008 lke 45.90
4/28/2009 | = - 36.50 4/28/2009 | = - 43.00

1/9/2012 | - 40.50 1/9/2012 | - 45.70
5/26/2015 [Memorial Day 42.90 5/26/2015 [Memorial Day 48.30
4/18/2016 Tax Day 42.10 4/18/2016 Tax Day 46.50
NoData® | e | 1/18/2017 | - 45.70
8/27/2017 Harvey 45.70 8/27/2017 Harvey 49.70
7/4/2018 | - 37.33 7/4/2018 | = - 41.28

" Flood elevations for 1 0-year, 50-year, 100-year, & 500-year events reflect pre-
Project Brays conditions.
2 "No Data" indicates that elevation data for this event not available from the HCFCD

Flood Warning System website. Data reflects pre-Project Brays conditions.

Blue shading of cells in the table indicate occasions when the 10-year (10% annual chance) flood
elevation was exceeded. A bold red elevation indicates a high water mark that is above the 100-
year (1% annual chance) flood elevation. The following graphs illustrate the typical Brays Bayou
cross-section at the South Main and Stella Link crossings of the channel. These graphs can be
used to determine the general depth of flow at each location for a given historical event and the

relationship of the high water elevations tabulated above to the top of bank of Brays Bayou.
hdrinc.com 4828 Loop Central Drive, Suite 800, Houston, TX US 77081-2220
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Major West U Drainage Systems

The City’s drainage system is divided into five (5) following major drainage areas are illustrated
in Figure 10 below.
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Figure 10: West University Place Major Drainage Areas & Major Trunk Lines / Channels

The watershed areas within West University Place that are indicated above, the type of
drainage system, and their acreage are provided in the following list.

oOnN =

5.

Academy Street (272 Acres - Storm Sewer)

College Avenue / Shared System ( 157 Acres - Storm Sewer)
Poor Farm Ditch (339 Acres — Concrete-Lined Open Channel)
Buffalo Speedway (360 Acres - Storm Sewer)

Kirby Drive (190 Acres - Storm Sewer)

Flood waters from these major drainage areas are ultimately conveyed away from the City via
five corresponding main channels and storm sewer trunk lines.

e Academy Street Trunk Line (Kilmarnock Ditch)

e College Avenue / Shared System Trunk Lines (Poor Farm Ditch)
e Poor Farm Ditch Channel (Brays Bayou)

o Buffalo Speedway Trunk Line (Poor Farm Ditch),

e Kirby Street Trunk Line (Brays Bayou)

hdrinc.com 4828 Loop Central Drive, Suite 800, Houston, TX US 77081-2220
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Storm runoff collected in each of these major storm water conveyances ultimately makes its way
into Brays Bayou. Of the five major systems four (Academy Street, Poor Farm Ditch, Buffalo
Speedway, and Kirby Drive) receive significant storm runoff from the City of Houston. Two
(College Avenue / Shared System and Poor Farm Ditch) receive storm runoff from the City of
Southside Place. Each of these major drainage systems is further discussed in subsequent

sections of this report.

Academy Street Drainage Area
The Academy Street storm sewer system
outfalls into Kilmarnock Ditch (HCFCD Unit
D113-00-00). Kilmarnock Ditch is an earthen
channel which extends southward from
Holcombe Boulevard to Brays Bayou. Portions
of the City of Bellaire and the City of Houston
also drain to Kilmarnock Ditch.

Prior Study

Six (6) specific intersections within the Academy
Street drainage service area were evaluated
between February and April, 2016. Preliminary
storm sewer sizes were calculated for Academy
Street trunk line and a rough cost estimate for
improvements and detention was developed.
This effort was documented in an April 21, 2016
report titled “Preliminary Storm Sewer Drainage
Analysis for Six Ponding Locations in the
Academy Street Drainage System in West
University Place” (Appendix B).

Results from City-Wide Drainage Study

The results of more recent evaluations
completed in 2017-18 indicate that existing
storm sewer infrastructure within the Academy
Street drainage area generally does not satisfy
current 2-year capacity requirements as
recognized by the City. A few pipes do satisfy
the 2-year requirement (some small branch
systems with limited drainage areas, plus a
small system just north of Bissonnet and a small
system south of Bissonnet that ties to the City of
Houston trunk line west of the railroad).
However, the collector lines and the main trunk
line along Academy Street do not provide the
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Figure 11: Academy Street Drainage Area

minimum design capacity. These results are consistent with the findings of the April 21, 2016
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report. The main trunk line along Academy is further discussed in the Trunk Line Projects
section of this report.

Kilmarnock Ditch

Kilmarnock ditch receives storm water from
the Academy Street trunk line and conveys
it to Brays Bayou. In response to flooding
concerns, HCFCD initiated a regional
drainage study of Poor Farm Ditch and
Kilmarnock Ditch in 2002. The study findings
were published in 2004 in a report entitled
“Poor Farm & Kilmarnock Regional Study”
(2004 Study). Findings from the study
showed that Kilmarnock Ditch has adequate
capacity to convey runoff from a 100-year
storm event. However, the channel crossing
at the Beechnut Street/North Braeswood
Boulevard bridge, and the culverts at the s ST ’ \
Brays Bayou outfall, were found to be o o 15: Kiimarnock Ditch Outfall into Brays Bayou
inadequate and in need of enlargement.

These structures are south of the City of — T

West University Place. The Harris County o el
Flood Control District has not identified a
project or time frame for upgrading these
structures.

L W

IPTLER R Vo

The 2004 study also concluded it would be
necessary to mitigate the impacts of the
proposed Kilmarnock Ditch improvements
on Brays Bayou by providing storm water
detention along Brays Bayou. It was
estimated that 21 acre-feet of mitigation was
necessary to mitigate impacts of the
proposed Kilmarnock Ditch improvements.

o

In 2010, HCFCD participated with the City of 9 13 Kilmarrock Bren at 1 Braeswood Bivd.

Houston in the construction of the Meyer

Stormwater Detention Basin (HCFCD Unit D500-08-00), which created a total of 191 acre-feet of
storm water storage (152 acre-feet for the City of Houston and 39 acre-feet for the HCFCD). This
storage was eligible to be used for storm drainage mitigation projects between Fondren Road and
State Highway 288, which included proposed improvements on Poor Farm Ditch and Kilmarnock
Ditch.

The 2004 study was subsequently re-evaluated in 2013, at which time the HCFCD determined
that the 21 acre-feet of detention storage identified in the 2004 study was not needed and could
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be re-purposed for other uses. The District subsequently sold 9.1 acre-feet of Meyer Tract
detention storage to the City of West University Place to fully address detention requirements
associated with drainage improvements along College Avenue, which were completed in 2009.
An August 2014 Fact Sheet published by the Harris County Flood Control District summarizing
the various Kilmarnock Ditch studies, evaluations, and updates can be found in Attachment B to
this report.

Poor Farm Ditch Drainage Area

Poor Farm Ditch drains southward from Bissonnet Avenue to Brays Bayou, passing completely
through the City from north to south. Poor Farm Ditch also collects storm runoff from the areas

that drain to the College Street and | & e i
Shared System storm sewers as VEE';-’?}'M'.‘.-H;( g S %: P 1
described in the College Avenue | %/ ettt v I
Drainage Area. Figure 14 illustrates T':; 5 i , :
the boundaries of the area within | & “%, p?m e gmenna i =Y
West University Place that drains to | [ “#s, S i e g il ]
Poor Farm Ditch. N i .
. | P . f Boulevard | Sunset Boulevard
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runoff from a 100-year storm event. Furthermore, it was determined that the Bellaire Boulevard
bridge across Poor Farm Ditch needed to be widened because it was a constraint to storm water
conveyance. That bridge was subsequently improved via the construction of a concrete arch
span.

Further study by the HCFCD in 2009 revealed that proposed improvements to the channel
between University Boulevard and Bellaire Boulevard would be limited by right-of-way (ROW)
constraints, and a 100-year channel design would not be feasible without obtaining additional
ROW. The study concluded that if proposed bridge and channel improvements were limited to fit
within the existing ROW on Poor Farm Ditch, the required mitigation storage requirement could
be reduced to 13.5 acre-feet.

As referenced in the previous section of this report, the HCFCD participated with the City of
Houston in the construction of the Meyer Storm water Detention Basin to provide storage for
application to storm drainage mitigation projects between Fondren Road and State Highway
288. Proposed improvements to Poor Farm Ditch were included in the projects to which Meyer
Tract detention could be applied.

Figure 15: Damage along Poor Farm Ditch — Looking North (Freese & Nichols 2017)
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In 2017, the HCFCD performed further evaluations on Poor Farm Ditch. This evaluation is
documented in a September 2017 report titled “Poor Farm Ditch Conveyance Preliminary
Engineering Report” (Appendix C). The report confirmed that the existing channel has 50-year
capacity between Bissonnet Street and University Boulevard, 10-year capacity between
University Boulevard and Bellaire Boulevard, and 100-year capacity downstream of Bellaire
Boulevard. The report described a number of alternatives for improving the channel in the mid-
reach area between University Boulevard and Bellaire Boulevard. Figure 16 illustrates a typical
cross-section as presented in the Preliminary Engineering Report (PER) for the recommended
improvement alternative.

20’ Easement
from Southside
Place Lots

30’ Joint Use Agreement
from City of West

University Place

50’ HCFcp Right-of-Way

Figure 16: Typical PER Cross-Section for Recommended Poor Farm Ditch Improvement

This recommended alternative would provide approximately 50-year capacity within this
segment and consisted of a concrete-lined channel from University to Bellaire Boulevard. This
would put the Poor Farm Ditch capacity at the 50-year level for the entire channel upstream
(north) of Bellaire Boulevard and at the 100-year level downstream of Bellaire Boulevard.

Results from City-Wide Drainage Study

In the spring of 2018, storm sewer capacities were evaluated in the Poor Farm Ditch watershed.
A recent capacity evaluation revealed that storm sewers west of Poor Farm Ditch were typically
found to lack the current 2-year design capacity requirement. On the other hand, the systems
east of Poor Farm Ditch were generally found to have adequate capacity to satisfy the 2-year
capacity requirement. Approximately 34% of the tributary storm sewer lines draining to the Poor
Farm Ditch channel were found to have less than the current 2-year design capacity. Attach-
ment C provides a graphical summary of the results of the city-wide capacity assessment.
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College Avenue / Shared System Drainage Area

This drainage area has two drainage systems, both of which run down Bellaire Boulevard and
outfall into Poor Farm Ditch. The College

Avenue Drainage system was designed in | - i —‘_ii‘ . —g——R——0 m -
2007 and constructed in 2009 and was a T oo suee e g
shared project between West University Place | . & westerms®” ‘é‘
and Southside Place. The remaining area in Atk 2. b Purde Street ; ;)me‘s o
this drainage area drains to a shared storm . Bl ; D‘..-.r"“:\'&e\ 4 I
sewer system that flows along the boundary % | | %, 2 F& I =&
between the Cities of West University Place |**" 3 B, Yo iy 2
and Southside Place. The shared system |,. * AP 2 SuosetBoukevard IZ o
drains significant areas in both cities. et | 8 c,\x"-c\ Nomngham sereet | & Mo
ot ,o“(\é Robinhsod Steuet Iu;
2017 Drainage Study i 9571 rowning sree : bio e
ot < L o Arnold Steeat d nO_ -
The new storm sewer constructed along [* Pl e Tangley Sireet g
College Avenue in 2009 significantly reduced |, .. X c’!’lcw m‘m i Uniiersityp
the area draining to the shared system west of — R IRRis Pl ac%
Auden Street, while related improvements SETCT i -
completed along Bellaire Boulevard provide System : A 1 B
better outfall capacity to Poor Farm Ditch. 2 2 : ,
However, the results of a 2017 study indicated | Unw%lya ‘ I1$¢¢ i A
that portions of the existing shared drainage |., .. gwm. ,l-v-ﬂ-ml% i
system still do not provide a standard 2-year |,.. "" e 7. . i
design capacity downstream of Case Street. |, .. | “N ST
The study effort included the development of |, .. g gpﬂ e < 2-Year
alternatives that utilize the existing alignment | .. < = ,
of the shared storm sewer between the City | ‘2
and Southside Place, as well as an alternative
alignment along Auden Street within Southside % ’{?'"
Place. This effort was documented in a July 6, g - [ fuskin st cus Streat
2017 report titled “Drainage Evaluation for | £™""f y g
Dead-End Streets” (Appendix D). ¥
Results of 2018 City-Wide Drainage Study | | Tm o e —
esults o ity-Wide Drainage Study |
| TS A—
In 2Q18, su.pplemental storm  sewer | Gramersy stres i POOI'., fm 1
evaluations confirmed that the College Avenue

. e . Figure 17: College Avenue / Shared System
trunk line satisfies the 2-year capacity g D?ainage Area y

requirement, and that the shared system

downstream of Case Street does not satisfy that same capacity requirement. In total,
approximately 34% of the storm sewer pipes within the College Avenue / Shared System drainage
area, including tributary storm sewer systems along Swarthmore Street and Oberlin Street, were
found to have less than 2-year design capacity. All of these findings confirmed the general results
of the 2017 drainage study.
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Buffalo Speedway Drainage Area
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The Buffalo Speedway trunk line passes completely through the City from north to south and
ultimately empties into Poor Farm Ditch a short distance south of Bellaire Boulevard and

immediately west through an [—o -5 7%
easement across the sports field ) g
of St. Vincent de Paul Catholic | .« 8

Church. The outfall lies within the
City of Houston. The Buffalo
Speedway trunk line drains s
significant areas within the City of Q,\s""“‘%\'mm Road
Houston north of Bissonnet and [sunset Boulevard
south of Bellaire Boulevard.

Nowingham Street

Results from City-Wide Study Robintood Steeet

Arnodd Steeet

In the spring of 2018, capacity
evaluations of storm sewers | Tdesee
within the Buffalo Speedway
drainage area were completed.
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Figure 18: Buffalo Speedway Drainage Area

completed in the summer of 2018. That analysis included detailed 2D modeling of the existing
trunk line storm sewer and proposed improvements to the trunk line from Bissonnet to Poor
Farm Ditch. The Buffalo Speedway drainage analysis, results, and conclusions are presented
in a draft report dated October 19, 2018 and titled “Buffalo Speedway Improvements — Drainage
Preliminary Engineering Report’ (Appendix A), which was completed in connection with the

proposed Buffalo Speedway Road Reconstruction proj

ect.

hdrinc.com 4828 Loop Central Drive, Suite 800, Houston, TX US 77081-2220

(713) 622-9264

25



Kirby Drive Drainage Area
The Kirby Drive storm sewer systems
extends southward from Bissonnet
Avenue to Brays Bayou. This system
drains the eastern portion of the City
of West University Place, in addition
to significant areas within the City of
Houston. Kirby Drive lies within the
City of Houston, but tributary storm
sewers west of Kirby are within the
City of West University Place.

2016 Study

HDR completed a drainage study in
2016 for four intersections along
Wakeforest Avenue and found that
existing storm sewer pipe and inlets
at those intersections lack 2-year
capacity. Results from the study
were summarized in a report titled
“Preliminary Storm Sewer Drainage
Analysis for Four Ponding Locations
along Wakeforest Avenue in West
University Place” and dated April 21,
2016 (Appendix E).

Results from City-Wide Study

The results of a 2018 evaluation of
existing drainage infrastructure in the
Kirby Drive drainage area were
mixed; about half of the systems
appear to provide 2-year capacity,
while the remaining systems do not.
Existing systems that do not appear
to have 2-year capacity include storm
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Figure 19: Kirby Drive Drainage Area

sewers along Arbuckle, Wakeforest, Rice, Amherst, Fordham, Plumb, Tangley, Robinhood,

Nottingham, and Wroxton.

connection with the 2016 study described above.
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Planning Area Projects

Identification of Planning Areas

Between 1993 and 2006, the City of West University Place completed a number of significant
street rehabilitation projects for various priority areas through its infrastructure rehabilitation
program. Since 2007, the following additional projects have been completed:

College Avenue Improvements;

Cason Street Extension;

Ruskin & West College Rehabilitation; and

Inlets at Intersection of College Avenue & Southwestern Street.

Early rehabilitation projects generally did not involve storm sewer upgrades, but later projects did
include replacement of some storm sewers due to condition issues. All replacement elements
were designed to accommodate a 2-year design storm event. Drainage improvements were
incorporated into some specific street projects (as they were for the College Avenue project
completed in 2007), but in many areas only inlets and drainage leads (the pipes that connect the
inlets to the storm sewers) were upgraded while existing trunk line storm sewers remained in
place. In addition, while all of the storm sewer systems within the City were designed for a 2-year
storm event at the time of construction, the definition of a 2-year storm has changed over the
years, with drainage capacity requirements generally increasing. This change has occurred as
the period of record for historical rainfall records has increased and the reliability of statistical
analyses has improved. As a result, some of the storm sewer systems within the City of West
University Place do not meet current 2-year capacity requirements as recognized by the City of
West University Place. Those current capacity requirements have been applied to West University
Place drainage systems for the purposes of completing drainage evaluations for various portions
of the City as described in prior sections of this report.

Based on the results of the initial Phase | investigation previously described, Planning Areas 1, 2,
and 3 were prioritized for early consideration because:

e storm sewers generally lack 2-year capacity; and
o street rehabilitation work was not fully carried out in those areas in the city-wide
infrastructure rehab program of 1993 - 2006.

The storm drainage pipes in these areas will be upsized to provide adequate capacity for the
current 2-year storm event requirement, with a minimum pipe size of 24 inches. The opinion of
probable cost of construction for these areas is discussed in the next subsection. Major street
rehabilitation work, along with incidental work such as the reconstruction of private driveways and
accessible ramps, is included in the opinions of probable cost developed for Planning Areas 1 -
3. The boundaries of Planning Areas 1, 2, and 3 are illustrated in Figure 20 below, along with
the boundaries of nine (9) other areas where storm sewer upgrades are required, but streets have
been fully rehabilitated since 1993. Attachment C to this report is a full-sized version of this map.
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Planning Area 1

This planning area covers an area of
approximately 63 acres. General street
rehabilitation work is required along
Wakeforest and Rice Streets, as only
concrete point repairs have been completed
along those streets in the past. Drainage
improvements are required along a number
of other streets. Approximately 84% of the
existing storm sewer pipe within Planning
Area 1 does not meet the 2-year capacity
requirement. For those other streets not
identified as streets with drainage issues or
paving issues, the removal and replace-
ment of existing pavement will be limited to
quantities required in connection with the
proposed storm sewer upgrades.

The opinion of probable cost developed for
Planning Area 1 indicates a total cost of
$6,900,000 excluding any detention.
Attachment D provides details on the
development of an opinion of probable cost
for each planning area.
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Figure 21: Planning Area #1
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Planning Area 2
This has is approximately
116 acres. For cost
management, this area
may be further divided into ‘ TTF o —
Planning Areas 2A (South ' Seifion
— 65 acres) and 2B (North

—51 acres). General street T [

rehabilitation ~ work s ] EL
required along Swarth- TR T T
more, Case, Byron, Byron
Oberlin, Riley, Villanova,
Marquette, and Ruskin e
Streets, as only concrete ’Hth

point repairs or asphalt ST
overlays  have  been S Marquette § ¢
completed along those f
streets in the past. For ' ut -
those other streets not (11T
identified as streets with . WEREEE
drainage issues or paving " Rus
issues, the removal and \,\H
replacement of existing :
pavement will be limited to ;Jl—
quantities  required  in ]
connection with the
proposed storm sewer
upgrades.

)
@

Coll

Within 5% of 2-Year Capacity
) e Has 2-Year Capacity
Approximately 36% of the = Does Not have 2-Year Capacity

existing storm sewer pipe
within Planning Area 2
does not meet the 2-year capacity requirement. Note that improvements to the existing Shared
System trunk line are not included in the proposed Planning Area 2 improvements. Those trunk
line improvements are treated as a separate project.

Figure 22: Planning Area #2

The opinion of probable cost developed for Planning Area 2 indicates a total cost of $8,400,000
excluding detention. Attachment D provides details on the development of an opinion of probable
cost for each planning area.
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Planning Area 3

This area covers a total of 114 acres. For
cost management, this area may be
further divided into Planning Areas 3A
(South — 46 acres) and 3B (North — 68
acres). General street rehabilitation work
is required along Swarthmore, Case,
Byron, Oberlin, Villanova, Marquette,
Riley, Ruskin, Cason, and Community
Streets, as only concrete point repairs or
asphalt overlays have been completed
along those streets in the past. For
those streets not identified as streets
with drainage issues or paving issues,
the removal and replacement of existing
pavement will be limited to quantities
required in connection with the proposed
storm sewer upgrades.

Approximately 84% of the existing storm
sewer pipe within Planning Area 3 does
not meet the 2-year capacity
requirement. Note that improvements to
the existing Academy Street trunk line
are not included in the proposed
Planning Area 3 improvements. Those
trunk line improvements are treated as a
separate project.

The opinion of probable cost developed
for Planning Area 3 indicates a total cost
of $9,400,000 excluding detention.
Attachment D provides details on the

FR
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e Has 2-Year Capacity
= Does Not have 2-Year Capacity

Figure 23: Planning Area #3

development of an opinion of probable cost for each planning area.
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Planning Area 4

This planning area covers a total area of
approximately 62 acres. Approximately
88% of the existing storm sewer pipe
within Planning Area 4 does not satisfy
the 2-year capacity criterion. No
roadway rehabilitation work is required
in this planning area. Only the removal
and replacement of existing pavement
required in connection with the proposed
storm sewer upgrades will be
completed. Note that improvements to
the existing Academy Street trunk line
are not included in the proposed
Planning Area 4 improvements. Those
trunk line improvements are treated as a
separate project. Information on trunk
line projects may be found in the Trunk
Line Projects section of this report and in
Attachment E.

The opinion of probable cost developed
for Planning Area 4 indicates a total cost
of $3,300,000 excluding detention.
Attachment D provides details on the
development of an opinion of probable
cost for each planning area.
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Figure 24: Planning Area #4
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Planning Area 5

This planning area covers a total area of
approximately 64 acres. Drainage from
this planning area is split between the
Academy Drive storm sewer system and
Poor Farm Ditch.

Approximately 100% of the existing
storm sewer pipe within Planning Area 6
does not meet the 2-year capacity
criterion. Roadway rehabilitation work
was previously completed for this
planning area. Therefore, only the
removal and replacement of existing
pavement required in connection with the
proposed storm sewer upgrades will be
completed.

The opinion of probable cost developed
for Planning Area 5 indicates a total cost
of $4,500,000 excluding detention.
Attachment D provides details on the
development of an opinion of probable
cost for each planning area.
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Figure 25: Planning Area #5
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Planning Area 6

This planning area covers a total area of
approximately 51 acres. Approximately
85% of the existing storm sewer pipe
within Planning Area 6 does not meet the
2-year capacity criterion. Roadway
rehabilitation work was previously
completed for this planning area, and thus
only the removal and replacement of
existing pavement required in connection
with the proposed storm sewer upgrades
will be completed.

The opinion of probable cost developed
for Planning Area 6 indicates a total cost
of $2,600,000 excluding detention.
Attachment D provides details on the
development of an opinion of probable
cost for each planning area.
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Figure 26: Planning Area #6
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Planning Area 7
This planning area covers
a total area of
approximately 57 acres.
Approximately 88% of the
existing storm sewer pipe
within Planning Area 7
does not meet the 2-year
capacity requirement.
Roadway  rehabilitation
work was  previously
completed for this
planning area, and thus
only the removal and
replacement of existing
pavement required in
connection  with  the
proposed storm sewer
upgrades will be
completed.

The opinion of probable
cost developed for
Planning Area 7 indicates
a total cost of $2,700,000
excluding detention.
Attachment D provides
details on the
development of an
opinion of probable cost
for each planning area.
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Figure 27: Planning Area #7
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Planning Area 8
This planning area covers a total area of
approximately 70 acres. Approximately

within Planning Area 7 does not satisfy
the 2-year capacity criterion. Roadway
rehabilitation work was previously
completed for this planning area, and .
thus only the removal and replacement of

20% of the existing storm sewer pipe [ Mu | ]Illl
I

Wakefores'
S

existing pavement required in connection J | . Barbar.
with the proposed storm sewer upgrades
will be completed. ' Carolina

The opinion of probable cost developed
for Planning Area 8 indicates a total cost it
of $2,000,000 excluding detention.
Attachment D provides details on the
development of an opinion of probable
cost for each planning area. Arbu

Lason

Within 5% of 2-Year Capacity
memmmmsss Has 2-Year Capacity
=== Does Not have 2-Year Capacity
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Figure 28: Planning Area #8
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Planning Area 9

This planning area covers a total
area of approximately 60 acres.
Approximately 70% of the existing
storm sewer pipe within Planning
Area 9 does not meet the 2-year
capacity requirement. Roadway
rehabilitation work was previously
completed for this planning area,
and thus only the removal and
replacement of existing pavement
required in connection with the
proposed storm sewer upgrades
will be completed. Note that
improvements to the existing
Buffalo Speedway trunk line are
not included in the proposed
Planning Area 9 improvements.
Those trunk line improvements
are treated as a separate project.
Information on trunk line projects
may be found in the Trunk Line
Projects section of this report and
in Attachment E.

The opinion of probable cost
developed for Planning Area 9
indicates a total cost of
$2,800,000 excluding detention.
Attachment D provides details on
the development of an opinion of
probable cost for each planning
area.
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Figure 29: Planning Area #9
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Planning Area 10

Planning Area 10 covers a total area of
approximately 39 acres. Approximately
71% of the existing storm sewer pipe
within Planning Area 10 does not satisfy
the 2-year capacity requirement.
Roadway rehabilitation work was
previously completed for this planning
area, and thus only the removal and
replacement of existing pavement
required in connection with the proposed
storm sewer upgrades will be completed.
Note that improvements to the existing
Buffalo Speedway trunk line are not
included in the proposed Planning Area
10 improvements. Those trunk line
improvements are treated as a separate
project. Information on trunk line projects
may be found in the Trunk Line Projects
section of this report and in Attachment
E.

The opinion of probable cost developed
for Planning Area 10 indicates a total
cost of $2,800,000 excluding detention.
Attachment D provides details on the
development of an opinion of probable
cost for each planning area.
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Figure 30: Planning Area #10
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Planning Area 11

This planning area covers a total area of
approximately 43 acres. Approximately 59% of the
existing storm sewer pipe within Planning Area 11
does not satisfy the 2-year capacity requirement.
Roadway rehabilitation work was previously
completed for this planning area, and thus only the
removal and replacement of existing pavement
required in connection with the proposed storm sewer
upgrades will be completed.

The opinion of probable cost developed for Planning
Area 11 indicates a total cost of $3,100,000 excluding
detention. Attachment D provides details on the
development of an opinion of probable cost for each
planning area.
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Figure 31: Planning Area #11
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Planning Area 12

This planning area covers a total area of
approximately 54 acres. Approximately 70% of
the existing storm sewer pipe within Planning
Area 12 does not satisfy the 2-year capacity
requirement. Roadway rehabilitation work
was previously completed for this planning
area, and thus only the removal and
replacement of existing pavement required in
connection with the proposed storm sewer
upgrades will be completed.

The opinion of probable cost developed for
Planning Area 12 indicates a total cost of
$3,700,000 excluding detention. Attachment
D provides details on the development of an
opinion of probable cost for each planning
area.
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Opinions of Probable Construction Cost for Planning Areas

The probable costs of construction for Planning
Areas 1 through 12 are summarized in the table at
right. The figure below illustrates the locations and
extents of the various planning areas identified in
connection with the city-wide study.

The costs presented here account for drainage
improvements, ancillary pavement removal and
replacement, and roadway rehabilitation work in
Planning Areas 1, 2, and 3. Note that these costs
do not account for detention. Additionally, these
costs do not account for improvements to the trunk
lines along Academy Street, Buffalo Speedway, or
the shared system within the College Avenue
drainage area.
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Planning Probable
Area Cost

1 56,900,000

2 58,400,000

3 59,400,000

4 $3,300,000

5 $4,500,000

6 $2,600,000

7 $2,700,000

8 52,000,000

9 52,800,000

10 52,800,000

11 $3,100,000

12 $3,700,000

Sub-Total $52,200,000
Off-Site Detention TBD

Table 2: Probable Costs for Planning Areas 1 — 12
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Trunk Line Projects

The storm sewer capacity upgrades proposed for tributary systems in Planning Areas 1 through
12 will be fully utilized only when the receiving trunk lines in the Academy Street, Buffalo
Speedway, College Avenue/Shared System areas are also improved to satisfy the 2-year design
criteria. This section of the report describes the storm sewer trunk line improvements that are
required to achieve this goal. Details regarding the opinions of probable cost referenced in this
section of the report may be found in Attachment E to this report.

Academy Street

Academy Street has an average width of 27 [ L= s
feet and houses the main trunk line for the |[—Befaregancion & ° ii'--""”"""”‘

Academy Street drainage area. That trunk line |2 Tourdon Siceet ‘%; Existing

drains areas within the City of Houston as well | = "\ }. | Trunk Line
as a significant portion of West University | 8 E : 31‘,“’” Towe §

Place. As discussed in the Major Drainage %
Areas section of this report, a recent analysis
indicates that the main trunk line along
Academy Street does not provide the minimum e i
2-year design capacity as currently defined.

College Court
Place

Lehigh Street
Emory Strest

judson Street

Three options were identified for satisfying the
infrastructure improvement requirements for
the Academy Street storm sewer trunk line. [
The Base Option calls for the existing trunk
line to be removed and replaced along the
existing alignment, which follows Academy
Street to Bellaire Boulevard, and then Bellaire P
Boulevard to Kilmarnock Ditch. Alternative #1
to the Base Option calls for a new,
supplemental storm sewer system to be
constructed along the western boundary of e
West University Place, while Alternative #2 to
the Base Option calls for a supplemental
system to be constructed along Community
Drive.

Nold Steeat
arlowe Strees

Nerdge Street
fyyson Street

Rice Boulevdr

: (
3 university Boulevard Universdy Boulex®

Swarthmore Street l

aue SR

Wans upny 5

d
z

Villanowva Street ‘l

Byron 'ﬂ'tlv

<
Oberim Street Obethn Street

Villanova Street

Southwestern Street Outhwestern Street

? ;: l Riley Streat
The Base Option, which would involve an 3 £ N Ru:_w,m
upgrade of the existing Academy street trunk 5 'f;’-"""l’ g \
line along the existing alignment to satisfy 2- !
year capacity requirements, has a probable iE: e BoUTRVSTO - Southsi
cost of approximately $14,700,000. Error! :KilmaTHOCk Ditch
Reference source not found. shows the base | = &7 Y i B &
alignment along Academy Street. Following is L] £

Figure 34: Existing Academy Street Storm Sewer
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a list of pros and cons associated with the base option.

o Base Option Advantages

o Preserves Existing Drainage Patterns

o Takes Advantage of General West to East Slope in Existing Topography

o Potential for a Phased Approach to Coincide with Planning Areas 3A, 3B, & 4
o Base Option Disadvantages

o An Existing Duct Bank is Present Within the Easement

o Additional Detention Requirements for Trunk Line Improvement

o Disruption to Traffic on a “Through” Street with Significant Traffic

o Maximizes Work Along Bellaire Boulevard in City of Houston

Alternative #1 to the base option involves the ~_4_,_.L—:—'_’—" - P &L ==
installation of new storm sewers along an [~ S92 e g‘if"mw )
existing pipeline easement located just west of | & powsesiee 5 | Existing
the western boundary of the City.  For this | & & .5 foaesveet  Z | Trunk Line |
alternative, some of the runoff from the | ”L}-' — ; ?:...,%"""f \;
Academy Street drainage area would be | ¢ ©, College Court [l '"’(,4‘ £Y )
redirected from the existing trunk line, which | . ¢ Biyce ‘ P "%,, !
Sunset Boulevard -

would remain in place along Academy Street,
into the new supplemental relief trunk line along
the pipeline easement, reducing or eliminating
hydraulic overloading of the existing trunk line
for the 2-year design storm event. This
approach would allow the combined Academy | !
Street system to provide the required 2-year 2
capacity.

Lehigh Street

Emory Strest

: va Street
o [e owning Stree

Judson Street
MOl Steeat

arlowe Streds
Nerige Street

yson Stredt

Rice Boulevar

Alternative #1 has a probable cost of

approximately $6,700,000 and is the City's :; i : lo
preferred alignment based on the benefits cited | = W e Bouly z
below. However, it should be noted that this | ¥ | : Pipeline | 3
Case Swreet A
cost does not account for acquisition of the i R BN Easement 3
pipeline property or an easement. Real estate i il Route
requirements, including property acquisition, - —
. . L Existing
are difficult to predict and can significantly alter 1 .
. . Trunk Line
the estimated probable cost of construction. o L .
oy o . . 3 to Remain
Additional complications may arise in 1 - i S
connection with co-locating a large trunk line . I? :, Ru«.’hn‘ﬁrwﬂ
storm sewer in close proximity to existing ﬁ \g
pipelines. Following is a list of pros and cons il 3
associated with this alternative. " T BeuTe AT Southsi
i Ly i T
e Alternative #1 Advantages . |K|Imarnock Ditch
o Apparent Lower Probable Cost of e Sl s |
Construction X =
Figure 35: Alternative #1 - Pipeline Route
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Potential for a Phased Approach to Coincide with Planning Areas 3A, 3B, & 4

o Minimal Disruption for Residents along Academy Street
o Reduces Work along Bellaire Boulevard
o Potential for Linear Detention
o Potential for Open Recreational Space
O
o Alternative #1 Disadvantages
o One or More Crude Oil Lines are Present Within the Easement
o Close Proximity to Railroad Tracks and Trains
o Existing Residential Encroachments on Easement must be Resolved
o Additional Detention Requirements for Trunk Line Improvement
O

and Other Permits

Alternative #2 would involve the construction
of a “relief trunk line” along Community Drive
near the western boundary of the City of West
University Place, utilizing portions of existing
infrastructure. Similar to Alternative #1, some
of the runoff from the Academy Street drainage
area would be redirected from the existing trunk
line into the new supplemental trunk along
Community Drive to provide adequate
combined capacity for the expanded system to
accommodate the 2-year design storm event.

The opinion of probable construction cost for
Alternative #2 is approximately $10,500,000,
higher than the cost of Alternative #1, primarily
due to removal and replacement of street
paving, which is avoided for Alternative #1.
Following is a list of pros and cons associated
with this alternative.

o Alternative #2 Advantages
o Lower Probable Cost of
Construction than the Base Option
o Minimal Disruption for Residents
along Academy Street
o Minimizes Work along Bellaire
Boulevard
o Potential for a Phased Approach to
Coincide with Planning Areas 3A,
3B, &4
o Alternative #2 Disadvantages

o Additional Detention Requirements
for Trunk Line Improvement

o Significant Disruption to Residents
Along Community Drive
hdrinc.com

(713) 622-9264
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o Work Space is More Limited /

Restricted Figure 36: Alternative #2 - Community Drive Route

Following is a summary of opinion of probable cost values for the various alternatives. Again, it
should be noted that the probable cost for Alternative #1 does not include property acquisition
costs or costs associated with removing any obstructions or encroachments from the pipeline
easement. It is recommended that alternatives for grant funding be evaluated and pursued as
appropriate. Also note that off-site detention costs are not included in the estimated probable
costs for either the Base Option, Alternative #1, or Alternative #2.

o Base Option (Construction Along Academy Street): $14,700,000
e Alternative #1 (Construction Along Pipeline Easement): $ 6,700,000
o Alternative #2 (Construction Along Community Drive): $10,500,000

College Avenue / Shared System
The content of this section is related to previous drainage planning and feasibility investigations
performed in the initial stages of Phase | for the nine (9) dead-end streets that drain to an existing
storm sewer system located along the shared corporate boundary between West University Place
and Southside Place. The aforementioned effort is documented in a July 6, 2017 report titled
“Drainage Evaluation for Dead-End Streets” (Appendix D). The report concludes that the
“existing shared storm sewer system along the corporate boundary between the cities of West
University Place and Southside Place lacks — e j B
capacity to accommodate a standard 2-year |5t Proposed University West Uni‘ersity
storm event.” Specifically, the existing EEIVd' Storm Sevyer Plac

shared system is under capacity between Existing College
Case Street and Bellaire Boulevard. Ave. System

RiC

o

00118 1)

The recommended improvement alternative
involves the construction of a new parallel fuevae
system along Auden Street within the City of | swee
Southside Place, with the existing shared |eet
system left in place. Auden Street is located o sureet

Exist. Shared
Storm Sewer

x i flrper Sereet )
just to the east of, and parallel to, the shared fueer % OW,,”%e { i A
boundary between West University Place kyee ; Aveﬂﬂe = fProposed Auden
and Southside Place. It runs in the north- | & B e | St. Storm Sewer
south direction and is approximately 27 feet LI wt‘w“m‘] et | P i
wide and 3,150 feet long between University | & ‘l-ml”m  pragsas :
and Bellaire Boulevards. The addition of the g""" il g Fusknseeet | Capacity
Auden Street system provides additional _g“'“' et i \ b=t <2Year

capacity needed to accommodate the 2-year ‘
storm. The connection of inlets along Auden |ulévard bl g__f:ﬁk,._ _.,] .
Street to the shared system would be |
eliminated under this plan.

Or aImercy S‘"ﬂﬂf

A variant to this recommendation involves Poor“‘E'arAm-DLh

University Boulevard in addition to the proposed new storm sewer along Auden Street. The

Gramercy Street

WU ejais
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opinion of probable cost is approximately $3,100,000 with the additional West University storm
sewer included. Figure 37 illustrates the proposed Auden Street storm sewer alignment.

Buffalo Speedway

The results of the city-wide drainage assessment (Phase 1 study as previously described)
indicated that the existing Buffalo Speedway drainage system does not have sufficient capacity
to accommodate a 2-year design storm event. Improvements are required to bring the system up
to 2-year design capacity. In the Phase 2 study, an improvement plan was developed using
detailed 2D modeling techniques to analyze the existing trunk line system and proposed
improvements to that system. The approach taken with regard to the Buffalo Speedway
improvements was to leave existing 66-inch to 72-inch storm sewers in place and to incorporate
flow regulators into a proposed new box culvert storm sewer system to provide in-line detention
storage. The existing single 66-inch storm sewer pipe crossing Bissonnet Street was assumed
to be left in place to regulate flows into West University Place from the City of Houston.

Similarly, the existing dual 66-inch storm sewers that pass through the Saint Vincent de Paul
Catholic Church property and connect Buffalo Speedway storm sewer to Poor Farm Ditch were
assumed for the purposes of analysis to be replaced with new, dual 66-inch pipes or hydraulically
equivalent storm sewers to regulate discharges into Poor Farm Ditch. For the purposes of cost
estimating, however, the existing dual 66-inch pipes were assumed to be replaced with dual 8’ x
8 box culverts that provide full 2-year design capacity at a flow velocity of 3 feet per second,
consistent with the rest of the Buffalo Bayou trunk line system. This covers a possible future
condition in which the provision of off-site detention would Buffalo Speedway flow regulators to
be removed. Figure 38 illustrates the alignment of the Buffalo Speedway storm sewer.

hdrinc.com 4828 Loop Central Drive, Suite 800, Houston, TX US 77081-2220
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Figure 38: Buffalo Speedway Trunk Line Project

Figure 39 illustrates the basic approach developed with regard to the placement of new storm
sewers between the existing storm sewer systems located on either side of Buffalo Speedway.
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Existing System

The Buffalo Speedway drainage analysis, results, and conclusions are presented in a draft
October 19, 2018 report titled “Buffalo Speedway Improvements — Drainage Preliminary
Engineering Report’ (Appendix A). The preliminary opinion of probable cost for drainage
improvements is approximately $15,200,000, for the full project from Bissonnet to Poor Farm
Ditch. The City of West University Place has secured Transportation Improvement Program (TIP)
funding for this project through the Houston-Galveston Area Council (H-GAC), and design work
for the project is scheduled to begin in 2018. The TIP funding covers roadway work, including all
paving, curbs, inlets, and appurtenant structures directly related to roadway construction, but does
not cover the construction of the underground storm sewer trunk line. The initial estimate of
probable cost for roadway construction is $12,500,000. Combining the drainage and roadway
costs yields the following estimate of total probable cost. The City plans to pursue additional
grant funding for the drainage portion of the project.

e Drainage Cost ................... $15,200,000
¢ Pavement Cost .................. $12,500,000
e Total Cost.....ovevvvvnvninrnnnnn $27,700,000

Note that the probable cost includes in-line storage, but does not include detention storage that
may be required should the City decide in the future to modify the Buffalo Speedway system in
such a manner as to eliminate the provided in-line storage.
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(713) 622-9264
48



FR

Detention Requirements

Detention is required when new development or drainage improvements increase the efficiency
of existing drainage systems, reducing the time required for an area to drain and increasing the
rate of runoff from that area. When downstream drainage systems cannot accommodate runoff
from a 100-year storm event, any increase in downstream flow rates must typically be mitigated
through the provision of detention storage. The 100-year storm is utilized in these situations as
the generally accepted standard of care in the Greater Houston area. Most of the storm sewer
system improvements previously described in this report will not operate at full capacity until trunk
line improvements are completed. When those trunk line improvements are completed (or in the
case of Buffalo Speedway, when flow regulators are removed), storm water detention will
generally be required to compensate for the increased efficiency of the West University Place
drainage systems and the resulting increases in downstream flow rates. Figure 40 provides an
estimate of estimated detention requirements based on proposed drainage improvements

throughout the City and the assumption that detention will eventually be required for all areas
within the City.
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Sggf?:jr?:md ;g; 13? where existing storm sewers are brought up to the 2-year
Buffalo Spdwy 360 132 design standard and flow constraints and restrictions
Kirby Drive 190 228 between the affected area and outfall channel are effectively
Totals 1,318 158.1 eliminated.

Figure 40: Potential Long-Term Detention Requirement for Each Major Watershed
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As noted in Figure 40, the total estimated long-term detention storage requirement for the City is
approximately 158 acre-feet.

Detention storage is typically provided in three ways:

1. asin-line detention created by oversizing storm sewers;
2. as on-site detention provided on a development site in the form of a small pond; or

3. as off-site detention provided on a remote property in the form of a large regional
detention pond.

In-line detention is typically expensive, but in some cases (such as the Buffalo Speedway project),
it can be cost-effective due to the scarcity of land suitable for creating detention facilities. Because
West University Place is basically fully developed, there is little room for on-site detention facilities
within the corporate limits of the City. This leaves off-site regional or sub-regional detention, which
must be coordinated with the Harris County Flood Control District, the City of Houston, and other
entities within the Brays Bayou watershed. HDR has completed preliminary investigations into
the use of the Ruffino Hills property co-owned by the City of West University Place and the City
of Bellaire and the Willow Waterhole Bayou regional detention facility operated by the Harris
County Flood Control District. However, no specific plans or recommendations have been
identified to date with regard to the establishment of off-site, regional detention facilities for use
by the City of West University Place.

Storage may be provided via the creation of a new regional facility or the expansion of an existing
regional facility. Detention costs have not been estimated for this report, but it should be noted
that detention costs may be substantially reduced if land acquisition requirements can be reduced,
or if land can be acquired at a relatively low cost. The general recommendation developed with
regard to detention is for the City of West University Place to continue to coordinate with the Harris
County Flood Control District and City of Houston regarding the possible use of the Ruffino Hills
property, the Willow Waterhole regional detention site, or other existing or proposed regional
facility to accommodate West University’s detention requirements. Regional detention can
typically be implemented at a substantially lower cost than linear detention or multiple project-
based detention facilities.
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(713) 622-9264
50



FR
NOAA Atlas 14

The National Oceanic and Atmospheric Administration (NOAA) published “Atlas 14, Volume 11
Precipitation-Frequency Atlas of the United States, Texas” in October 2018, after the
studies referenced in this report had been completed. This publication provides updated
rainfall data for storm events ranging from the 2-year through 1000-year recurrence interval
and from 5-minute to 60-day duration. NOAA Atlas 14 rainfall depths are generally higher
than values previously published by the National Weather Service and U.S. Geological
Survey, as indicated in the following table.

Summary of Rainfall Totals

Pre-NOAA Atlas 14 and NOAA Atlas 14
Duration | 5-min | 15-min | 30-min | 1-hour | 2-hour | 3-hour | 6-hour | 12-hour | 1-day
Pre-NOAA Atlas 14 Data
2-Year 0.7 1.1 1.5 2.0 2.3 2.6 3.1 3.7 4.4
100-Year | 1.2 2.1 3.0 4.3 5.7 6.7 8.9 10.8 13.2
NOAA Atlas 14 Data
2-Year 0.58 1.17 1.67 2.22 2.79 3.13 3.75 4.40 5.11
100-Year | 1.26 2.49 3.48 4.78 6.89 8.48 11.30 14.00 14.90

The latter sources and “pre-Atlas 14” rainfall have been used in the Houston area for many
years for drainage infrastructure design. The pre-Atlas 14 data were used for the studies
described in this report. Local agencies, including the Harris County Flood Control District
(HCFCD), the Harris County Engineering Department, and the City of Houston, are reviewing
Atlas 14 rainfall data for possible use in County and City projects. While no definitive decision
has been made as of the date of this report as to exactly how the Atlas 14 data will be applied to
drainage infrastructure design, recent communications with persons familiar with the ongoing
review process indicate that Atlas 14 data will be used without modification.

In order to account for the potential adoption of Atlas
14 and use of increased rainfall values in the future,
an “Atlas 14” adjustment of 5% has been developed
opinions of probable cost generated for Planning )
Areas 1 through 12. This value was computed by ‘@ Efrfﬁépgﬂiig;‘grt‘:‘t‘gfncy Atias
evaluating the percent increase in rainfall depth for

storm durations of 15 minutes to 60 minutes

(durations for which most local storm sewer systems SaisPota, Sk Pooc, Wctaw S Lo

are designed), which averages approximately 10%.

This factor was applied to all drainage items in each

opinion of probable cost (street repairs were assumed

NOAA Atlas 14

Wolume 11 Version 2.0° Texas

U5 Department

not to be affected by the change in rainfall values), -
which average about 50% of the total cost. The Atlas o e
14 adjustment is not applied to Trunk Line projects, i
as the methods used for those projects to establish s 3o

drainage requirements and costs were more stringent
and somewhat more conservative than those applied
to the local planning area systems.
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Conclusion

The results of the city-wide drainage study indicate that about one-half of the total length of storm
sewer pipe within the City of West University Place does not satisfy the current 2-year capacity
standard. Trunk lines along Academy Street and Buffalo Speedway, in addition to the shared
system along the boundary between West University Place and Southside Place, are undersized
and in need of improvement. In order to facilitate the planning, funding, and implementation of
drainage projects within the City in manageable stages or phases, twelve (12) Planning Areas
have been established around the city, and a number of separate trunk line improvement projects
have been identified. Estimated probable costs associated with the general Planning Area
upgrades to tributary storm sewer systems and trunk line upgrades are summarized below.

Trunk Line Project Costs

Academy Street (Base Option) ................... $ 14,700,000
Shared System /Auden .........................l $ 3,100,000
Buffalo Speedway .............coooiiiiiiiini. $ 15,200,000
Sub-Total for Trunk Line Projects ............... $ 33,000,000
Planning Area Project Costs
Planning Area #1 ... $ 6,900,000
Planning Area #2 ........ccccooeiiiiiiiiiiii $ 8,400,000
Planning Area #3 ... $ 9,400,000
Planning Area#4 ..o $ 3,300,000
Planning Area #5 ..........cccoiiiiiiiiiii $ 4,500,000
Planning Area #6 ..........cccoooiiiiiiiiiiin $ 2,600,000
Planning Area #7 ..........ccooiiiiiiiiiiin. $ 2,700,000
Planning Area #8 ..........ccooiiiiiiiiiiii $ 2,000,000
Planning Area #9 ..o $ 2,800,000
Planning Area #10 ..o, $ 2,800,000
Planning Area #11 ... $ 3,100,000
Planning Area #12 ..o $ 3,700,000
Sub-Total for Planning Areas ..................... $ 52,200,000
Contingency for Update to NOAA Atlas 14 Rainfall $ 2,600,000
Total for Trunk Lines & Planning Areas ............... $ 87,800,000
Future Detention Cost .........ccceviiiiiiiiiiii e $ TBD
Total Project Cost ........ccoviviiiiiiiiiiircre e $ TBD

Note that these values do not include detention costs or property acquisition costs. Detention
evaluations completed in 2016-17 indicate that properties of the size necessary to provide regional
detention are not available within the City or within the immediate vicinity. Coordination with the
City of Houston and Harris County Flood Control District may allow West University Place to
negotiate terms regarding a regional detention arrangement that would prove beneficial and cost
effective to West University.
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Attachment

Roadway Rehabilitation
Status
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ZCONTROL
SDISTRICT

‘ Fact Sheet

BACKGROUND

Poor Farm Ditch (HCFCD Unit D111-00-00) and
Kilmarnock Ditch (HCFCD Unit D113-00-00) are
man-made drainage channels that carry stormwater
from surrounding neighborhoods in southwest
Harris County to Brays Bayou. Collectively, the
channels provide drainage to portions of the cities of
West University Place, Southside Place, Houston and
Bellaire. Prompted by concerns of frequent street
and house flooding, as well as failing infrastructure
in Poor Farm Ditch, the Harris County Flood Control
District, in 2002, initiated a regional drainage study
for the two channels to investigate alternative
improvements that might be considered. During

the execution of the study, a stakeholders group
comprised of representatives from the cities of

West University Place, Southside Place, Houston

and Bellaire, as well as representatives from the
Braeswood Place Homeowners Association, was
organized to help the Flood Control District formulate
alternatives and assess community preferences
regarding possible solutions. The study findings
were published in 2004 in a report entitled the “Poor
Farm & Kilmarnock Regional Study” (2004 Study).

FEASIBILITY STUDY

The study was directed by Flood Control District
staff and supported by Claunch & Miller Inc.,
engineering consultants, and focused on the
hydraulic capacity of Poor Farm Ditch and
Kilmarnock Ditch and the constraints associated
with these two channels. Poor Farm Ditch provides
drainage to approximately 1,330 acres of highly
developed watershed, and Kilmarnock Ditch
provides drainage to 884 acres of highly developed
watershed. The analysis considered stormwater
flow that would be generated by both 10 percent
(10-year) and 1 percent (100-year) rainfall events.
Because of the two channels’ close interface with
Brays Bayou, and the ongoing federal flood damage
reduction project (“Project Brays”) sponsored by the
US Army Corps of Engineers and the Flood Control
District, the study had to consider stormwater
detention volume needed to mitigate the potential
impacts on Brays Bayou resulting from identified
improvements on these two tributary channels.
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Poor Farm Ditch Channel Improvements Project

Key findings from the 2004 Study included the following:

e Kilmarnock Ditch has adequate capacity to convey runoff from a 1 percent
(100-year) storm event. However, the channel crossings at the Beechnut
Street/North Braeswood Boulevard bridge, and at the Brays Bayou outfall,
are inadequate and need to be enlarged.

¢ Poor Farm Ditch upstream of University Boulevard has adequate capacity
to convey runoff from a 1 percent (100-year) storm event.

¢ Poor Farm Ditch downstream of Bellaire Boulevard to the confluence with
Brays Bayou has more than 50 percent excess capacity to convey runoff
from a 1 percent (100-year) storm event.

e The reach of Poor Farm Ditch between University and Bellaire boulevards
is not adequate and would need to be enlarged by as much as 75 percent
to convey runoff from a 1 percent (100-year) storm event.

¢ The Bellaire Boulevard bridge on Poor Farm Ditch needed to be widened
because it was a constraint to stormwater conveyance.

The study concluded that, despite making the improvements to the reach

of Poor Farm Ditch between University and Bellaire boulevards, the channel
downstream of Bellaire Boulevard had more than adequate capacity to
contain the increased flow within banks. No additional stormwater mitigation
was necessary on Poor Farm Ditch.



However, the 2004 Study also concluded it would be necessary
to mitigate the impacts of the proposed Poor Farm Ditch and
Kilmarnock Ditch improvements on Brays Bayou by providing
stormwater detention along Brays Bayou. It was estimated that
43 acre-feet of mitigation was necessary to mitigate impacts of
the proposed Poor Farm Ditch improvements, and another 21
acre-feet for proposed Kilmarnock Ditch improvements.

SUBSEQUENT STUDIES

Following the 2004 Study, the Flood Control District undertook
additional, more detailed studies of Poor Farm Ditch. It was
determined that proposed improvements on the channel reach
between University and Bellaire boulevards would be limited by
right-of-way (ROW), and a 1 percent (100-year) channel design
would not be possible without obtaining additional ROW. A
2009 study concluded that, if the proposed bridge and channel
improvements were limited to fit within the existing ROW on Poor
Farm Ditch, the mitigation could be reduced to 13.5 acre-feet.
Combined with the 21 acre-feet needed to mitigate proposed
Kilmarnock Ditch improvements, the revised volume for both
Kilmarnock and Poor Farm Ditch is 34.5 acre-feet to mitigate
impacts on Brays Bayou.

In 2010, the Flood Control District participated with the City

of Houston in the construction of the Meyer Stormwater
Detention Basin (HCFCD Unit D500-08-00), which created a
total of 191 acre-feet of stormwater storage: 152 acre-feet

for the City of Houston and 39 acre-feet for the District. This
storage was eligible to be used for storm drainage mitigation
projects between Fondren Road and State Highway 288, which
included the proposed improvements on Poor Farm Ditch and
Kilmarnock Ditch.

COLLEGE STREET STORM SEWER PROJECT/BELLAIRE
BRIDGE AND RESTRICTOR REMOVAL

In 2007, the City of West University Place initiated
construction of the College Street storm sewer project to
improve local storm drainage. The storm sewer project did
increase stormwater flow into Poor Farm Ditch; however, a
hydraulic analysis proved that Poor Farm Ditch downstream
of Bellaire Boulevard could accommodate the increased flows
within the channel banks and without adverse impacts to Poor
Farm Ditch. There was, however, an impact on Brays Bayou
that required 13.5 acre-feet of storage to mitigate. For that
reason, the Flood Control District required the City of West
University Place to either restrict its outfall or provide 13.5
acre-feet of detention storage to offset the impacts on Brays
Bayou. At that time, the District only had 4.4 acre-feet of
storage in the Meyer Basin that was not already programmed
and agreed to sell that to the City of West University Place in
2012 to mitigate a portion of the storm sewer project. As a
result, a restrictor was installed on the College Street storm
sewer outfall to Poor Farm Ditch until additional mitigation
storage could be found.

In early 2008, the City of Southside Place launched the Bellaire
Boulevard bridge replacement project. This project was
identified in the 2004 study and determined to need 10.3
acre-feet of storage to mitigate impacts to Brays Bayou. This
storage was secured in the Meyer Detention Basin in 2010.

KILMARNOCK DITCH STUDY

In 2013, the District further evaluated the stormwater
detention requirements associated with Kilmarnock Ditch

that were identified in the 2004 study. By conducting more
detailed analyses that included field survey data and computer
modeling, it was determined that under existing conditions the
1 percent (100-year) flows go over and through the existing
dual culverts at the Brays Bayou outfall. The 2004 study did
not consider the weir flow over the dual culverts which helps
convey the existing 1% flows into Brays Bayou. For this reason,
it was determined the 21 acre-feet stormwater mitigation
requirement identified in the 2004 Study was not needed and
could be used for other purposes. As a result of this finding, the
District elected to sell an additional 9.1 acre-feet of capacity

in the Meyer Basin to the City of West University Place, which
along with the previously acquired 4.4 acre-feet, totaled 13.5
acre-feet or the amount needed to mitigate the College Street
storm sewer project. In early 2014, the City of West University
Place purchased the mitigation and subsequently removed the
restrictor located at Bellaire Boulevard and Poor Farm Ditch.

MOVING FORWARD

After securing capacity in the Meyer Basin to mitigate the
Bellaire Boulevard bridge replacement, the College Street storm
sewer project, and determining that the previously reserved
mitigation for Kilmarnock Ditch is no longer needed, the Flood
Control District has just over 15 acre-feet of mitigation available
at the Meyer Basin to offset future project impacts. Alternatives
for improving Poor Farm Ditch from Bellaire Boulevard to
University Boulevard have priority and are in the process of being
further developed. This District will establish dates for future
meetings to keep the stakeholder group informed and engaged
as the alternatives are narrowed and the final design is initiated.

ABOUT THE HARRIS COUNTY FLOOD CONTROL DISTRICT

The Harris County Flood Control District provides projects that reduce
flooding risks and damages, with appropriate regard for community
and natural values. With more than 1,500 bayous and creeks totaling
approximately 2,500 miles in length, the Flood Control District
accomplishes its mission by devising flood damage reduction plans,
implementing the plans and maintaining the infrastructure. To learn
more about the Flood Control District, visit www.hcfcd.org

CONTACT US

To ask a question or to comment on the project, please contact the
Harris County Flood Control District’s Project and Study Information
Line at 713-684-4040.
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Preliminary Opinion of Probable Constuction Cost (VE) for West University Place: Planning Area 1 l-)?

PLANNING AREA 1
LENGTH (FT) 9785 9 = No of Streets
193 = No. of Driveways
ITEM [ ITEM DESCRIPTION JUNIT] QUAN. | UNIT PRICE | TOTAL AMOUNT
NO. | | | | |
GENERAL ITEMS
1 Traffic Control and Regulation, including signs, barrels, barricades, and flagmen L.S. 11 $ 186,000.00 | $ 186,000.00
Temporary Sediment Control including Inlet protection barrier, Stage | and Il inlets and
existing inlets, including filter fabric fence, gravel bags, repair and replacement,
2 maintenance and removal of sediments, complete in place the sum of: L.S. 1% 74,500.00 | $ 74,500.00
SUB-TOTAL GENERAL ITEMS:| $ 260,500.00
PAVING ITEMS
3 Existing concrete pavement removal, complete in place the sum of: S.Y. 19,980.56 | $ 13.00 | $ 259,747.22
6" thick reinforced concrete pavement, including reinforcement, joints and grading,
4 complete in place the sum of: S.Y. | 19,980.56 | $ 70.00 | $ 1,398,638.89
8" lime stabilized subgrade, including grading, mixing, compacting and curing, complete in
5 place the sum of: S.Y. | 2432944 |$ 12.00 | § 291,953.33
Lime for lime stabilized subgrade (7% minimum by dry weight), complete in place the sum
6 of: TON 618.00 165.00 101,970.00
7 6" concrete curb, including reinforcement and joints, complete in place the sum of: L.F. 19,570.00 8.00 156,560.00
8 sum of: S.Y. 6,437.00 75.00 482,775.00
9 5' concrete sidewalk, complete in place the sum of: S.F. 9,650.00 | $ 13.00 125,450.00
10 Concrete curb ramp per ADA requirements, complete in place the sum of: EA. 124.00 | $ 2,000.00 248,000.00
SUB-TOTAL PAVING ITEMS: 3,065,094.44
DRAINAGE ITEMS
11 Remove existing storm sewer, all sizes and all depths, complete in place the sum of: L.F. 6820| $ 30.00 | $ 204,600.00
12 Remove existing storm sewer inlet/manhole, complete in place the sum of: EA. 98| $ 600.00 | § 58,800.00
24" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
13 stabilized sand bedding and backfill, complete in place the sum of: L.F. 3575( $ 115.00 | $ 411,125.00
30" RCP, ASTM C76, Class lll storm sewer, rubber gasket joints, all depths, cement
14 stabilized sand bedding and backfill, complete in place the sum of: L.F. 950| $ 150.00 | $ 142,500.00
36" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
15 stabilized sand bedding and backfill, complete in place the sum of: L.F. 1420| $ 180.00 | $ 255,600.00
42" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
16 stabilized sand bedding and backfill, complete in place the sum of: L.F. 585| $ 215.00 | § 125,775.00
48" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
17 stabilized sand bedding and backfill, complete in place the sum of: L.F. 250| $ 250.00 | $ 62,500.00
54" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
18 stabilized sand bedding and backfill, complete in place the sum of: L.F. 700 $ 270.00 | $ 189,000.00
60" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
19 stabilized sand bedding and backfill, complete in place the sum of: L.F. 250( $ 350.00 | § 87,500.00
66" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
20 stabilized sand bedding and backfill, complete in place the sum of: L.F. 260| $ 360.00 | $ 93,600.00
Type "BB" Inlet, all depths, including foundation and backfill, complete in place the sum
21 of: EA. 76| $ 4,000.00 | $ 304,000.00
22 Type "D" Inlet, all depths, including foundation and backfill, complete in place the sum of: | EA. 0| $ 3,500.00 | -
Reinforced precast junction box, including excavation, bedding and backfill, connection to
23 existing system, complete in place, the sum of: EA. 22| $ 4,500.00 | $ 99,000.00
Trench safety for all storm sewers 5' - 10" deep, including installation, operation and
24 removal, complete in place the sum of: L.F. 5945| $ 2.00 | $ 11,890.00
Trench safety for all storm sewers 10' - 15' deep, including installation, operation and
25 removal, complete in place the sum of: L.F. 2143| $§ 250§ 5,357.50
SUB-TOTAL DRAINAGE ITEMS:| $ 2,051,247.50
ESTIMATED PROBABLE COST OF CONSTRUCTION: § 5,376,841.94
15% CONTINGENCY: 806,526.29
TOTAL ESTIMATED PROBABLE COST OF CONSTRUCTION: 6,183,368.24
Design Engineering Services 494,669.46
Bid Phase Services 61,833.68
Construction Administration Services 61,833.68
Surveying Services 42,300.00
Geotechnical Services 36,100.00
Urban Forester $ 16,600.00
| OPCC INCLUDING PROFESSIONAL SERVICES: |$ 6,896,705.06 |
Quantity
Calculation

Assumptions:
" Removal and replacement of concrete is based on existing paving section
2 Sidewalk is assumed for one side of the street, but limited to 5 linear feet on either side of driveways
3 All inlets are assumed to be Type BB
4 At intersections, all sidewalks are assumed to have accessible ramps leading to adjacent sidewalk(s)
® Inlets at intersections were generally included in the E-W street
© One standard driveway per lot

Engineering Fee

Assumptions:
" Surveying services fee is estimated based on $4.75/LF, extending only 100 feet from intersections in all directions
2 Geotechnical services fee is estimated based on $110/VF. The average depth of borehole is assumed as 15 VF. Boreholes assume every 500 LF.
3 Urban Forester service fee is estimated based on $1.50/LF.

West U OPCC - PA1 - Drainage-Roads.xlsx Summary 1of1



Preliminary Opinion of Probable Construction Cost (VE) for West University Place: Planning Area 2 l-)?

PLANNING AREA 2

LENGTH (FT)  |9628 | | 11 |= No of Streets
| | | 372 |=No. of Driveways
ITEM [ ITEM DESCRIPTION [UNITT QUAN. | UNIT PRICE [ TOTAL AMOUNT
NO. | [ 1 |
GENERAL ITEMS
1 Traffic Control and Regulation, including signs, barrels, barricades, and flagmen L.S. 118 203,500.00 | $ 203,500.00
Temporary Sediment Control including Inlet protection barrier, Stage | and Il inlets and
existing inlets, including filter fabric fence, gravel bags, repair and replacement,
2 maintenance and removal of sediments, complete in place the sum of: L.S. 1 $ 81,500.00 | $ 81,500.00
SUB-TOTAL GENERAL ITEMS:| $ 285,000.00
PAVING ITEMS
3 Existing concrete pavement removal, complete in place the sum of: S.Y.| 2931394 [ $ 13.00 381,081.21
6" thick reinforced concrete pavement, including reinforcement, joints and grading,
4 complete in place the sum of: S.Y.| 29,313.94 | $ 70.00 2,051,975.72
8" lime stabilized subgrade, including grading, mixing, compacting and curing, complete in
5 place the sum of: S.Y.| 3419432 | § 12.00 410,331.80
Lime for lime stabilized subgrade (7% minimum by dry weight), complete in place the sum
6 of: TON 866.00 | $ 165.00 142,890.00
7 6" concrete curb, including reinforcement and joints, complete in place the sum of: L.F.| 21,961.70 | $ 8.00 175,693.60
6" concrete driveway, including blockout, reinforcement and joints, complete in place the
8 sum of: S.Y.| 12,395.00 75.00 929,625.00
9 5' concrete sidewalk, complete in place the sum of: S.F.| 18,583.33 13.00 241,583.33
10 Concrete curb ramp per ADA requirements, complete in place the sum of: EA. 112.00 2,000.00 224,000.00
SUB-TOTAL PAVING ITEMS: 4,557,180.66
DRAINAGE ITEMS
11 Remove existing storm sewer, all sizes and all depths, complete in place the sum of: L.F. 5720| $ 300.00 | $ 171,600.00
12 Remove existing storm sewer inlet/manhole, complete in place the sum of: EA. 105| $ 600.00 | $ 63,000.00
24" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
13 stabilized sand bedding and backfill, complete in place the sum of: L.F. 5110/ § 115.00 | $ 587,650.00
30" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
14 stabilized sand bedding and backfill, complete in place the sum of: L.F. 1545( $ 150.00 | $ 231,750.00
36" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
15 stabilized sand bedding and backfill, complete in place the sum of: L.F. 1050 $ 180.00 | $ 189,000.00
42" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
16 stabilized sand bedding and backfill, complete in place the sum of: L.F. 0| $ 215.00 | $ -
48" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
17 stabilized sand bedding and backfill, complete in place the sum of: L.F. 0 $ 250.00 | $ -
54" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
18 stabilized sand bedding and backfill, complete in place the sum of: L.F. 0| $ 270.00 | $ -
60" RCP, ASTM C786, Class Il storm sewer, rubber gasket joints, all depths, cement
19 stabilized sand bedding and backfill, complete in place the sum of: L.F. o $ 350.00 | $ -
66" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
20 stabilized sand bedding and backfill, complete in place the sum of: L.F. 0| $ 360.00 | $ -
21 Type "BB" Inlet, all depths, including foundation and backfill, complete in place the sum of: | EA. 84| $ 4,000.00 | $ 336,000.00
22 Type "D" Inlet, all depths, including foundation and backfill, complete in place the sum of: | EA. 0 $ 3,500.00 | $ -
Reinforced precast junction box, including excavation, bedding and backfill, connection to
23 existing system, complete in place, the sum of: EA. 25| $ 4,500.00 | $ 112,500.00
Trench safety for all storm sewers 5' - 10" deep, including installation, operation and
24 removal, complete in place the sum of: L.F. 7830( $ 200 | $ 15,410.00
Trench safety for all storm sewers 10' - 15' deep, including installation, operation and
25 removal, complete in place the sum of: L.F. 0| $ 250 | $ 272.50
SUB-TOTAL DRAINAGE ITEMS: 1,707,182.50
ESTIMATED PROBABLE COST OF CONSTRUCTION: 6,549,363.16
15% CONTINGENCY: 982,404.47
TOTAL ESTIMATED PROBABLE COST OF CONSTRUCTION: 7,531,767.64
Design Engineering Services 602,541.41
Bid Phase Services 75,317.68
Construction Administration Services 75,317.68
Surveying Services 32,800.00
Geotechnical Services 40,400.00
Urban Forester 18,900.00
[ OPCC INCLUDING PROFESSIONAL SERVICES: $  8,377,044.40 |
Quantity
Calculation

Assumptions:
" Removal and replacement of concrete is based on existing paving section
2 Sidewalk is assumed for one side of the street, but limited to 5 linear feet on either side of driveways
3 Allinlets are assumed to be Type BB
4 Atintersections, all sidewalks are assumed to have accessible ramps leading to adjacent sidewalk(s)
® Inlets at intersections were generally included in the E-W street
® One standard driveway per lot

Engineering Fee

Assumptions:
' Surveying services fee is estimated based on $4.75/LF, extending only 100 feet from intersections in all directions
2 Geotechnical services fee is estimated based on $110/VF. The average depth of borehole is assumed as 15 VF. Boreholes assume every 500 LF.
% Urban Forester service fee is estimated based on $1.50/LF.

West U OPCC - PA2 - Drainage-Roads.xIsx Summary Page 1 of 1



Preliminary Opinion of Probable Constuction Cost (VE) for West University Place: Planning Area 3 |-)2

PLANNING AREA 3
LENGTH (FT) 14830 | | 12 |= No of Streets
[ | [ 281 |= No. of Driveways
ITEM | ITEM DESCRIPTION [UNIT] QUAN. ] UNIT PRICE [ TOTAL AMOUNT
NO. [
GENERAL ITEMS
1 Traffic Control and Regulation, including signs, barrels, barricades, and flagmen L.S. 1$ 250,000.00 | $ 250,000.00
Temporary Sediment Control including Inlet protection barrier, Stage | and Il inlets and
existing inlets, including filter fabric fence, gravel bags, repair and replacement,
2 maintenance and removal of sediments, complete in place the sum of: L.S. 11 $ 102,000.00 | $ 102,000.00
SUB-TOTAL GENERAL ITEMS:| $ 352,000.00
PAVING ITEMS
3 Existing concrete pavement removal, complete in place the sum of: S.Y.| 29,230.00 | § 13.00 | $ 379,990.00
6" thick reinforced concrete pavement, including reinforcement, joints and grading,
4 complete in place the sum of: S.Y.| 29,230.00 | $ 70.00 | § 2,046,100.00
8" lime stabilized subgrade, including grading, mixing, compacting and curing, complete in
5 place the sum of: SY.| 3582111 | $ 12.00 | $ 429,853.33
Lime for lime stabilized subgrade (7% minimum by dry weight), complete in place the sum
6 of: TON 910.00 | $ 165.00 | $ 150,150.00
7 6" concrete curb, including reinforcement and joints, complete in place the sum of: L.F.| 29,660.00 | $ 8.00 | $ 237,280.00
6" concrete driveway, including blockout, reinforcement and joints, complete in place the
8 sum of: S.Y.| 9,358.00 | § 75.00 | § 701,850.00
9 5' concrete sidewalk, complete in place the sum of: S.F.| 14,033.33 | $ 13.00 | $ 182,433.33
10 Concrete curb ramp per ADA requirements, complete in place the sum of: EA. 148.00 [ $ 2,000.00 | § 296,000.00
SUB-TOTAL PAVING ITEMS:| $ 4,423,656.67
DRAINAGE ITEMS
11 Remove existing storm sewer, all sizes and all depths, complete in place the sum of: L.F. 9895 $ 30.00 | $ 296,850.00
12 Remove existing storm sewer inlet/manhole, complete in place the sum of: EA. 130( $ 600.00 | $ 78,000.00
24" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
13 stabilized sand bedding and backfill, complete in place the sum of: L.F. 5620| $ 115.00 [ $ 646,300.00
30" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
14 stabilized sand bedding and backfill, complete in place the sum of: L.F. 1025| $ 150.00 | $ 153,750.00
36" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
15 stabilized sand bedding and backfill, complete in place the sum of: L.F. 917( $ 180.00 | $ 165,060.00
42" RCP, ASTM C786, Class Il storm sewer, rubber gasket joints, all depths, cement
16 stabilized sand bedding and backfill, complete in place the sum of: L.F. 1007| $ 215.00 | $ 216,505.00
48" RCP, ASTM C786, Class Il storm sewer, rubber gasket joints, all depths, cement
17 stabilized sand bedding and backfill, complete in place the sum of: L.F. 260( $ 250.00 | $ 65,000.00
54" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
18 stabilized sand bedding and backfill, complete in place the sum of: L.F. 1167| $ 270.00 | $ 315,090.00
60" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
19 stabilized sand bedding and backfill, complete in place the sum of: L.F. ol $ 350.00 | $ -
66" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
20 stabilized sand bedding and backfill, complete in place the sum of: L.F. o $ 360.00 | $ -
Type "BB" Inlet, all depths, including foundation and backfill, complete in place the sum
21 of: EA. 105| $ 4,000.00 | $ 420,000.00
22 Type "D" Inlet, all depths, including foundation and backfill, complete in place the sum of: | EA. 0| $ 3,500.00 | $ -
Reinforced precast junction box, including excavation, bedding and backfill, connection to
23 existing system, complete in place, the sum of: EA. 31| $ 4,500.00 | $ 139,500.00
Trench safety for all storm sewers greater than 5' - 10' deep, including installation,
24 operation and removal, complete in place the sum of: L.F. 7562| $ 2.00| % 15,124.00
Trench safety for all storm sewers greater than 10' - 15' deep, including installation,
25 operation and removal, complete in place the sum of: L.F. 2570 $ 2.50 6,425.00
SUB-TOTAL DRAINAGE ITEMS: 2,517,604.00
ESTIMATED PROBABLE COST OF CONSTRUCTION: 7,293,260.67
15% CONTINGENCY: 1,093,989.10
TOTAL ESTIMATED PROBABLE COST OF CONSTRUCTION: 8,387,249.77
Design Engineering Services 670,979.98
Bid Phase Services 83,872.50
Construction Administration Services 83,872.50
Surveying Services 49,600.00
Geotechnical Services 54,400.00
Urban Forester 24,900.00
| OPCC INCLUDING PROFESSIONAL SERVICES: $ 9,354,874.74
Quantity
Calculation

Assumptions:
" Removal and replacement of concrete is based on existing paving section
2 Sidewalk is assumed both sides of the street, but limited to 5 linear feet on either side of driveways
3 All inlets are assumed to be Type BB
4 At intersections, all sidewalks are assumed to have accessible ramps leading to adjacent sidewalk(s)
5 Inlets at intersections were generally included in the E-W street
® One standard driveway per lot

Engineering Fee
Assumptions:

! Surveying services fee is estimated based on $4.75/LF, extending only 100 feet from intersections in all directions
2 Geotechnical services fee is estimated based on $110/VF. The average depth of borehole is assumed as 15 VF. Boreholes assumed every 500 LF.
® Urban Forester service fee is estimated based on $1.50/LF.
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Preliminary Opinion of Probable Constuction Cost for West University Place: Planning Area 4

R

STREET NAME |Planning Area #4
LENGTH (FT)  |4170 [ 1 |=2ifBoulevard Street
WIDTH (FT) 14 | 46 |=No. of Driveways
ITEM [ ITEM DESCRIPTION UNIT [ QUAN. [ UNIT PRICE ] TOTAL AMOUNT
NO. | [ [ [
GENERAL ITEMS
1 Traffic Control and Regulation, including signs, barrels, barricades, and flagmen L.S. 4| $ 25,000.00 | $ 100,000.00
Temporary Sediment Control including Inlet protection barrier, Stage | and Il inlets and
existing inlets, including filter fabric fence, gravel bags, repair and replacement,
2 maintenance and removal of sediments, complete in place the sum of: L.S. 4| $ 10,000.00 | $ 40,000.00
SUB-TOTAL GENERAL ITEMS:| $ 140,000.00
PAVING ITEMS
3 Existing concrete pavement removal, complete in place the sum of: S.Y. 6,487| $ 13.00 [ $ 84,326.67
6" thick reinforced concrete pavement, including reinforcement, joints and grading,
4 complete in place the sum of: S.Y. 6,487| $ 70.00 | $ 454,066.67
8" lime stabilized subgrade, including grading, mixing, compacting and curing, complete in
5 place the sum of: S.Y. 8,340| $ 12.00 | $ 100,080.00
Lime for lime stabilized subgrade (7% minimum by dry weight), complete in place the sum
6 of: TON 211| $ 165.00 | $ 34,815.00
7 6" concrete curb, including reinforcement and joints, complete in place the sum of: L.F. 8,340| $ 8.00 | $ 66,720.00
6" concrete driveway, including blockout, reinforcement and joints, complete in place the
8 sum of: S.Y. 1,534| $ 75.00 | § 115,050.00
9 5' concrete sidewalk, complete in place the sum of: S.F. 2300| $ 13.00 | $ 29,900.00
10 Concrete curb ramp per ADA requirements, complete in place the sum of: EA. 48| $ 2,000.00 | $ 96,000.00
SUB-TOTAL PAVING ITEMS:| $ 980,958.33
DRAINAGE ITEMS
11 Remove existing storm sewer pipe, all sizes and all depths, complete in place the sum of: L.F. 4170 [ $ 20.00 | $ 83,400.00
12 Remove existing storm sewer box, all sizes and all depths, complete in place the sum of: L.F. - $ 40.00 | $ -
13 Remove existing storm sewer inlets, complete in place the sum of: EA. 44 1% 370.00 | $ 16,280.00
14 Remove existing storm sewer manhole, complete in place the sum of: EA. 20[$ 390.00 | $ 7,800.00
24" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
15 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 115.00 | $ -
30" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
16 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 150.00 | § -
36" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
17 stabilized sand bedding and backfill, complete in place the sum of: L.F. 4170 | $ 180.00 | $ 750,600.00
42" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
18 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 215.00 [ $ -
48" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
19 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 250.00 | $ -
54" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
20 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 270.00 [ $ -
60" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
21 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 350.00 | $ -
Type "BB" Inlet, all depths, including foundation and backfill, complete in place the sum
22 of: EA. 44 1$ 4,000.00 [ $ 176,000.00
23 Type "D" Inlet, all depths, including foundation and backfill, complete in place the sum of: EA. - 3,500.00 -
24 Manholes (For 42" Dia. Pipe and Smaller) (All Types) EA. 10 3,470.00 34,700.00
25 Manholes (For 48" to 72" Dia. Pipe) (All Types) EA. 10 6,340.00 63,400.00
26 Manholes (For 78" Dia. Pipe and Larger) (All Types) EA. - 16,500.00 -
Reinforced precast junction box, including excavation, bedding and backfill, connection to
27 existing system, complete in place, the sum of: EA. - $ 4,500.00 | $ -
Trench safety for all storm sewers 5' - 10' deep, including installation, operation and
28 removal, complete in place the sum of: L.F. 4170( $ 200 |$ 8,340.00
Trench safety for all storm sewers 10" - 15' deep, including installation, operation and
29 removal, complete in place the sum of: L.F. 64| $ 250 | $ 160.00
SUB-TOTAL DRAINAGE ITEMS: 1,140,680.00
ESTIMATED PROBABLE COST OF CONSTRUCTION: 2,261,638.33
25% CONTINGENCY: 565,409.58
TOTAL ESTIMATED PROBABLE COST OF CONSTRUCTION: 2,827,047.92
Design Engineering Services 10.00% 282,704.79
Bid Phase Services 1.00% 28,270.48
Construction Administration Services 1.00% 28,270.48
Surveying Services 12,600.00
Geotechnical Services 15,200.00
Urban Forester 6,900.00
[OPCC INCLUDING PROFESSIONAL SERVICES (NO DETENTION): |'$ 3,200,993.67 |
Quantity
Calculation

Assumptions:
1

Removal and replacement of concrete is based on existing paving section

2 Sidewalk is assumed for one side of the street, but limited to 5 linear feet on either side of driveways

3

“ Atintersections, all sidewalks are assumed to have accessible ramps leading to adjacent sidewalk(s)

5
6

Engineering Fee
Assumptions:

Allinlets are assumed to be Type BB

Inlets at intersections were generally included in the E-W street
One standard driveway per lot

! Surveying services fee is estimated based on $4.75/LF, extending only 100 feet from intersections in all directions
2 Geotechnical services fee is estimated based on $110/VF. The average depth of borehole is assumed as 15 VF. Boreholes assumed every 500 LF.

3

Urban Forester service fee is estimated based on $1.50/LF.

West U OPCC - PA 4-12 - Drainage.xIsx PA#4
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Preliminary Opinion of Probable Constuction Cost for West University Place: Planning Area 5

R

STREET NAME |Planning Area #5
LENGTH (FT) 5910 | 1 |= 2if Boulevard Street
WIDTH (FT) 14 | 54 |=No. of Driveways
ITEM [ ITEM DESCRIPTION UNIT [ QUAN. [ UNIT PRICE ] TOTAL AMOUNT
NO. | | | |
GENERAL ITEMS
1 Traffic Control and Regulation, including signs, barrels, barricades, and flagmen L.S. 4| $ 25,000.00 | $ 100,000.00
Temporary Sediment Control including Inlet protection barrier, Stage | and Il inlets and
existing inlets, including filter fabric fence, gravel bags, repair and replacement,
2 maintenance and removal of sediments, complete in place the sum of: L.S. 4| $ 10,000.00 | $ 40,000.00
SUB-TOTAL GENERAL ITEMS:| $ 140,000.00
PAVING ITEMS
3 Existing concrete pavement removal, complete in place the sum of: S.Y. 9,193 $ 13.00 | $ 119,513.33
6" thick reinforced concrete pavement, including reinforcement, joints and grading,
4 complete in place the sum of: S.Y. 9,193 $ 70.00 | $ 643,533.33
8" lime stabilized subgrade, including grading, mixing, compacting and curing, complete in
5 place the sum of: S.Y. 11,820| $ 12.00 | $ 141,840.00
Lime for lime stabilized subgrade (7% minimum by dry weight), complete in place the sum
6 of: TON 298| $ 165.00 | $ 49,170.00
7 6" concrete curb, including reinforcement and joints, complete in place the sum of: L.F. 11,820( $ 8.00 | $ 94,560.00
6" concrete driveway, including blockout, reinforcement and joints, complete in place the
8 sum of: S.Y. 1,800| $ 75.00 | § 135,000.00
9 5' concrete sidewalk, complete in place the sum of: S.F. 2700( $ 13.00 | $ 35,100.00
10 Concrete curb ramp per ADA requirements, complete in place the sum of: EA. 72|'$  2,000.00 [ $ 144,000.00
SUB-TOTAL PAVING ITEMS:| $ 1,362,716.67
DRAINAGE ITEMS
11 Remove existing storm sewer pipe, all sizes and all depths, complete in place the sum of: L.F. 5910 | $ 20.00 | $ 118,200.00
12 Remove existing storm sewer box, all sizes and all depths, complete in place the sum of: L.F. - $ 40.00 | $ -
13 Remove existing storm sewer inlets, complete in place the sum of: EA. 76 (% 370.00 | $ 28,120.00
14 Remove existing storm sewer manhole, complete in place the sum of: EA. 28($ 390.00 | $ 10,920.00
24" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
15 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 115.00 | $ -
30" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
16 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 150.00 | § -
36" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
17 stabilized sand bedding and backfill, complete in place the sum of: L.F. 5,910 | $ 180.00 | $ 1,063,800.00
42" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
18 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 215.00 [ $ -
48" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
19 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 250.00 | $ -
54" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
20 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 270.00 [ $ -
60" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
21 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 350.00 | $ -
Type "BB" Inlet, all depths, including foundation and backfill, complete in place the sum
22 of: EA. 76 | $ 4,000.00 | $ 304,000.00
23 Type "D" Inlet, all depths, including foundation and backfill, complete in place the sum of: EA. - 3,500.00 -
24 Manholes (For 42" Dia. Pipe and Smaller) (All Types) EA. 14 3,470.00 48,580.00
25 Manholes (For 48" to 72" Dia. Pipe) (All Types) EA. 14 6,340.00 88,760.00
26 Manholes (For 78" Dia. Pipe and Larger) (All Types) EA. - 16,500.00 -
Reinforced precast junction box, including excavation, bedding and backfill, connection to
27 existing system, complete in place, the sum of: EA. - $ 4,500.00 | $ -
Trench safety for all storm sewers 5' - 10' deep, including installation, operation and
28 removal, complete in place the sum of: L.F. 5910| $ 200 |$ 11,820.00
Trench safety for all storm sewers 10" - 15' deep, including installation, operation and
29 removal, complete in place the sum of: L.F. 104| $ 250 | % 260.00
SUB-TOTAL DRAINAGE ITEMS: 1,674,460.00
ESTIMATED PROBABLE COST OF CONSTRUCTION: 3,177,176.67
25% CONTINGENCY: 794,294.17
TOTAL ESTIMATED PROBABLE COST OF CONSTRUCTION: 3,971,470.83
Design Engineering Services 10.00% 397,147.08
Bid Phase Services 1.00% 39,714.71
Construction Administration Services 1.00% 39,714.71
Surveying Services 18,900.00
Geotechnical Services 21,500.00
Urban Forester 9,800.00
[OPCC INCLUDING PROFESSIONAL SERVICES (NO DETENTION): |'$ 4,498,247.33 |
Quantity
Calculation

Assumptions:

Engineering Fee

Assumptions:

" Removal and replacement of concrete is based on existing paving section

2 Sidewalk is assumed for one side of the street, but limited to 5 linear feet on either side of driveways

3 Allinlets are assumed to be Type BB

“ Atintersections, all sidewalks are assumed to have accessible ramps leading to adjacent sidewalk(s)

% Inlets at intersections were generally included in the E-W street
© One standard driveway per lot

! Surveying services fee is estimated based on $4.75/LF, extending only 100 feet from intersections in all directions
2 Geotechnical services fee is estimated based on $110/VF. The average depth of borehole is assumed as 15 VF. Boreholes assumed every 500 LF.

3 Urban Forester service fee is estimated based on $1.50/LF.

West U OPCC - PA 4-12 - Drainage.xIsx PA#5
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Preliminary Opinion of Probable Constuction Cost for West University Place: Planning Area 6

R

STREET NAME |Planning Area #6
LENGTH (FT) 3340 | 1 |= 2if Boulevard Street
WIDTH (FT) 14 | 51 |=No. of Driveways
ITEM [ ITEM DESCRIPTION UNIT [ QUAN. [ UNIT PRICE ] TOTAL AMOUNT
NO. | | | |
GENERAL ITEMS
1 Traffic Control and Regulation, including signs, barrels, barricades, and flagmen L.S. 2| $ 25,000.00 | $ 50,000.00
Temporary Sediment Control including Inlet protection barrier, Stage | and Il inlets and
existing inlets, including filter fabric fence, gravel bags, repair and replacement,
2 maintenance and removal of sediments, complete in place the sum of: L.S. 2/ $ 10,000.00 | $ 20,000.00
SUB-TOTAL GENERAL ITEMS:| $ 70,000.00
PAVING ITEMS
3 Existing concrete pavement removal, complete in place the sum of: S.Y. 5,196 $ 13.00 | $ 67,542.22
6" thick reinforced concrete pavement, including reinforcement, joints and grading,
4 complete in place the sum of: S.Y. 5,196 $ 70.00 | $ 363,688.89
8" lime stabilized subgrade, including grading, mixing, compacting and curing, complete in
5 place the sum of: S.Y. 6,680 $ 12.00 | $ 80,160.00
Lime for lime stabilized subgrade (7% minimum by dry weight), complete in place the sum
6 of: TON 169| $ 165.00 | $ 27,885.00
7 6" concrete curb, including reinforcement and joints, complete in place the sum of: L.F. 6,680 $ 8.00 | $ 53,440.00
6" concrete driveway, including blockout, reinforcement and joints, complete in place the
8 sum of: S.Y. 1,700 $ 75.00 | § 127,500.00
9 5' concrete sidewalk, complete in place the sum of: S.F. 2550( $ 13.00 | $ 33,150.00
10 Concrete curb ramp per ADA requirements, complete in place the sum of: EA. 32| $ 2,000.00 [$ 64,000.00
SUB-TOTAL PAVING ITEMS:| $ 817,366.11
DRAINAGE ITEMS
11 Remove existing storm sewer pipe, all sizes and all depths, complete in place the sum of: L.F. 3,340 | $ 20.00 | $ 66,800.00
12 Remove existing storm sewer box, all sizes and all depths, complete in place the sum of: L.F. - $ 40.00 | $ -
13 Remove existing storm sewer inlets, complete in place the sum of: EA. 40| $ 370.00 | $ 14,800.00
14 Remove existing storm sewer manhole, complete in place the sum of: EA. 16| $ 390.00 | $ 6,240.00
24" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
15 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 115.00 | $ -
30" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
16 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 150.00 | § -
36" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
17 stabilized sand bedding and backfill, complete in place the sum of: L.F. 3,340 | $ 180.00 | $ 601,200.00
42" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
18 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 215.00 [ $ -
48" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
19 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 250.00 | $ -
54" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
20 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 270.00 [ $ -
60" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
21 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 350.00 | $ -
Type "BB" Inlet, all depths, including foundation and backfill, complete in place the sum
22 of: EA. 40[$ 4,000.00 | $ 160,000.00
23 Type "D" Inlet, all depths, including foundation and backfill, complete in place the sum of: EA. - 3,500.00 -
24 Manholes (For 42" Dia. Pipe and Smaller) (All Types) EA. 8 3,470.00 27,760.00
25 Manholes (For 48" to 72" Dia. Pipe) (All Types) EA. 8 6,340.00 50,720.00
26 Manholes (For 78" Dia. Pipe and Larger) (All Types) EA. - 16,500.00 -
Reinforced precast junction box, including excavation, bedding and backfill, connection to
27 existing system, complete in place, the sum of: EA. - $ 4,500.00 | $ -
Trench safety for all storm sewers 5' - 10' deep, including installation, operation and
28 removal, complete in place the sum of: L.F. 3340| $ 200 |$ 6,680.00
Trench safety for all storm sewers 10" - 15' deep, including installation, operation and
29 removal, complete in place the sum of: L.F. 56| $ 250 | $ 140.00
SUB-TOTAL DRAINAGE ITEMS: 934,340.00
ESTIMATED PROBABLE COST OF CONSTRUCTION: 1,821,706.11
25% CONTINGENCY: 455,426.53
TOTAL ESTIMATED PROBABLE COST OF CONSTRUCTION: 2,277,132.64
Design Engineering Services 10.00% 227,713.26
Bid Phase Services 1.00% 22,771.33
Construction Administration Services 1.00% 22,771.33
Surveying Services 8,400.00
Geotechnical Services 12,200.00
Urban Forester 5,600.00
[OPCC INCLUDING PROFESSIONAL SERVICES (NO DETENTION): | $ 2,576,588.56 |
Quantity
Calculation

Assumptions:
1

Removal and replacement of concrete is based on existing paving section

2 Sidewalk is assumed for one side of the street, but limited to 5 linear feet on either side of driveways

3

“ Atintersections, all sidewalks are assumed to have accessible ramps leading to adjacent sidewalk(s)

5
6

Engineering Fee
Assumptions:

Allinlets are assumed to be Type BB

Inlets at intersections were generally included in the E-W street
One standard driveway per lot

! Surveying services fee is estimated based on $4.75/LF, extending only 100 feet from intersections in all directions
2 Geotechnical services fee is estimated based on $110/VF. The average depth of borehole is assumed as 15 VF. Boreholes assumed every 500 LF.

3

Urban Forester service fee is estimated based on $1.50/LF.

West U OPCC - PA 4-12 - Drainage.xIsx PA#6
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Preliminary Opinion of Probable Constuction Cost for West University Place: Planning Area 7

R

STREET NAME |Planning Area #7
LENGTH (FT) 3350 | 1 |= 2if Boulevard Street
WIDTH (FT) 14 | 43 |=No. of Driveways
ITEM [ ITEM DESCRIPTION UNIT [ QUAN. [ UNIT PRICE ] TOTAL AMOUNT
NO. | | |
GENERAL ITEMS
1 Traffic Control and Regulation, including signs, barrels, barricades, and flagmen L.S. 5] $ 25,000.00 | $ 125,000.00
Temporary Sediment Control including Inlet protection barrier, Stage | and Il inlets and
existing inlets, including filter fabric fence, gravel bags, repair and replacement,
2 maintenance and removal of sediments, complete in place the sum of: L.S. 5/ $ 10,000.00 | $ 50,000.00
SUB-TOTAL GENERAL ITEMS:| $ 175,000.00
PAVING ITEMS
3 Existing concrete pavement removal, complete in place the sum of: S.Y. 5211| $ 13.00 | $ 67,744.44
6" thick reinforced concrete pavement, including reinforcement, joints and grading,
4 complete in place the sum of: S.Y. 5211 $ 70.00 | $ 364,777.78
8" lime stabilized subgrade, including grading, mixing, compacting and curing, complete in
5 place the sum of: S.Y. 6,700 $ 12.00 | $ 80,400.00
Lime for lime stabilized subgrade (7% minimum by dry weight), complete in place the sum
6 of: TON 169| $ 165.00 | $ 27,885.00
7 6" concrete curb, including reinforcement and joints, complete in place the sum of: L.F. 6,700| $ 8.00 | $ 53,600.00
6" concrete driveway, including blockout, reinforcement and joints, complete in place the
8 sum of: S.Y. 1434 $ 75.00 | § 107,550.00
9 5' concrete sidewalk, complete in place the sum of: S.F. 2150( $ 13.00 | $ 27,950.00
10 Concrete curb ramp per ADA requirements, complete in place the sum of: EA. 18/ $ 2,000.00 | $ 36,000.00
SUB-TOTAL PAVING ITEMS:| $ 765,907.22
DRAINAGE ITEMS
11 Remove existing storm sewer pipe, all sizes and all depths, complete in place the sum of: L.F. 3,350 | $ 20.00 | $ 67,000.00
12 Remove existing storm sewer box, all sizes and all depths, complete in place the sum of: L.F. - $ 40.00 | $ -
13 Remove existing storm sewer inlets, complete in place the sum of: EA. 37 (% 370.00 | $ 13,690.00
14 Remove existing storm sewer manhole, complete in place the sum of: EA. 191($ 390.00 | $ 7,410.00
24" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
15 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 115.00 | $ -
30" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
16 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 150.00 | § -
36" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
17 stabilized sand bedding and backfill, complete in place the sum of: L.F. 3,350 | $ 180.00 | $ 603,000.00
42" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
18 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 215.00 [ $ -
48" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
19 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 250.00 | $ -
54" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
20 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 270.00 [ $ -
60" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
21 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 350.00 | $ -
Type "BB" Inlet, all depths, including foundation and backfill, complete in place the sum
22 of: EA. 37 |$ 4,000.00|$ 148,000.00
23 Type "D" Inlet, all depths, including foundation and backfill, complete in place the sum of: EA. - 3,500.00 -
24 Manholes (For 42" Dia. Pipe and Smaller) (All Types) EA. 10 3,470.00 34,700.00
25 Manholes (For 48" to 72" Dia. Pipe) (All Types) EA. 9 6,340.00 57,060.00
26 Manholes (For 78" Dia. Pipe and Larger) (All Types) EA. - 16,500.00 -
Reinforced precast junction box, including excavation, bedding and backfill, connection to
27 existing system, complete in place, the sum of: EA. - $ 4,500.00 | $ -
Trench safety for all storm sewers 5' - 10' deep, including installation, operation and
28 removal, complete in place the sum of: L.F. 3350| $ 200 |$ 6,700.00
Trench safety for all storm sewers 10" - 15' deep, including installation, operation and
29 removal, complete in place the sum of: L.F. 56| $ 250 | $ 140.00
SUB-TOTAL DRAINAGE ITEMS: 937,700.00
ESTIMATED PROBABLE COST OF CONSTRUCTION: 1,878,607.22
25% CONTINGENCY: 469,651.81
TOTAL ESTIMATED PROBABLE COST OF CONSTRUCTION: 2,348,259.03
Design Engineering Services 10.00% 234,825.90
Bid Phase Services 1.00% 23,482.59
Construction Administration Services 1.00% 23,482.59
Surveying Services 4,800.00
Geotechnical Services 12,200.00
Urban Forester 5,600.00
[OPCC INCLUDING PROFESSIONAL SERVICES (NO DETENTION): |'$ 2,652,650.11 |
Quantity
Calculation

Assumptions:

" Removal and replacement of concrete is based on existing paving section
2 Sidewalk is assumed for one side of the street, but limited to 5 linear feet on either side of driveways
3 Allinlets are assumed to be Type BB

“ Atintersections, all sidewalks are assumed to have accessible ramps leading to adjacent sidewalk(s)

% Inlets at intersections were generally included in the E-W street
© One standard driveway per lot

Engineering Fee
Assumptions:

! Surveying services fee is estimated based on $4.75/LF, extending only 100 feet from intersections in all directions
2 Geotechnical services fee is estimated based on $110/VF. The average depth of borehole is assumed as 15 VF. Boreholes assumed every 500 LF.
3 Urban Forester service fee is estimated based on $1.50/LF.
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Preliminary Opinion of Probable Constuction Cost for West University Place: Planning Area 8

R

STREET NAME |Planning Area #8
LENGTH (FT) 2340 | 1 |= 2if Boulevard Street
WIDTH (FT) 14 | 30 |=No. of Driveways
ITEM [ ITEM DESCRIPTION UNIT [ QUAN. [ UNIT PRICE ] TOTAL AMOUNT
NO. | | | |
GENERAL ITEMS
1 Traffic Control and Regulation, including signs, barrels, barricades, and flagmen L.S. 4| $ 25,000.00 | $ 100,000.00
Temporary Sediment Control including Inlet protection barrier, Stage | and Il inlets and
existing inlets, including filter fabric fence, gravel bags, repair and replacement,
2 maintenance and removal of sediments, complete in place the sum of: L.S. 4| $ 10,000.00 | $ 40,000.00
SUB-TOTAL GENERAL ITEMS:| $ 140,000.00
PAVING ITEMS
3 Existing concrete pavement removal, complete in place the sum of: S.Y. 3,640/ $ 13.00 | $ 47,320.00
6" thick reinforced concrete pavement, including reinforcement, joints and grading,
4 complete in place the sum of: S.Y. 3,640| $ 70.00 | $ 254,800.00
8" lime stabilized subgrade, including grading, mixing, compacting and curing, complete in
5 place the sum of: S.Y. 4,680 $ 12.00 | $ 56,160.00
Lime for lime stabilized subgrade (7% minimum by dry weight), complete in place the sum
6 of: TON 118| $ 165.00 | $ 19,470.00
7 6" concrete curb, including reinforcement and joints, complete in place the sum of: L.F. 4,680 $ 8.00 | $ 37,440.00
6" concrete driveway, including blockout, reinforcement and joints, complete in place the
8 sum of: S.Y. 1,000 $ 75.00 | § 75,000.00
9 5' concrete sidewalk, complete in place the sum of: S.F. 1500( $ 13.00 | $ 19,500.00
10 Concrete curb ramp per ADA requirements, complete in place the sum of: EA. 32| $ 2,000.00 [$ 64,000.00
SUB-TOTAL PAVING ITEMS:| $ 573,690.00
DRAINAGE ITEMS
11 Remove existing storm sewer pipe, all sizes and all depths, complete in place the sum of: L.F. 2340 [ $ 20.00 | $ 46,800.00
12 Remove existing storm sewer box, all sizes and all depths, complete in place the sum of: L.F. - $ 40.00 | $ -
13 Remove existing storm sewer inlets, complete in place the sum of: EA. 28| % 370.00 | $ 10,360.00
14 Remove existing storm sewer manhole, complete in place the sum of: EA. 1118 390.00 | $ 4,290.00
24" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
15 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 115.00 | $ -
30" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
16 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 150.00 | § -
36" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
17 stabilized sand bedding and backfill, complete in place the sum of: L.F. 2340 [ $ 180.00 | $ 421,200.00
42" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
18 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 215.00 [ $ -
48" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
19 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 250.00 | $ -
54" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
20 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 270.00 [ $ -
60" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
21 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 350.00 | $ -
Type "BB" Inlet, all depths, including foundation and backfill, complete in place the sum
22 of: EA. 28 [$ 4,000.00 | $ 112,000.00
23 Type "D" Inlet, all depths, including foundation and backfill, complete in place the sum of: EA. - 3,500.00 -
24 Manholes (For 42" Dia. Pipe and Smaller) (All Types) EA. 6 3,470.00 20,820.00
25 Manholes (For 48" to 72" Dia. Pipe) (All Types) EA. 5 6,340.00 31,700.00
26 Manholes (For 78" Dia. Pipe and Larger) (All Types) EA. - 16,500.00 -
Reinforced precast junction box, including excavation, bedding and backfill, connection to
27 existing system, complete in place, the sum of: EA. - $ 4,500.00 | $ -
Trench safety for all storm sewers 5' - 10' deep, including installation, operation and
28 removal, complete in place the sum of: L.F. 2340| $ 200 |$ 4,680.00
Trench safety for all storm sewers 10" - 15' deep, including installation, operation and
29 removal, complete in place the sum of: L.F. 39| $ 250 | $ 97.50
SUB-TOTAL DRAINAGE ITEMS: 651,947.50
ESTIMATED PROBABLE COST OF CONSTRUCTION: 1,365,637.50
25% CONTINGENCY: 341,409.38
TOTAL ESTIMATED PROBABLE COST OF CONSTRUCTION: 1,707,046.88
Design Engineering Services 10.00% 170,704.69
Bid Phase Services 1.00% 17,070.47
Construction Administration Services 1.00% 17,070.47
Surveying Services 8,400.00
Geotechnical Services 8,500.00
Urban Forester 3,900.00
[OPCC INCLUDING PROFESSIONAL SERVICES (NO DETENTION): |'$ 1,932,692.50 |
Quantity
Calculation

Assumptions:

Engineering Fee

Assumptions:

" Removal and replacement of concrete is based on existing paving section

2 Sidewalk is assumed for one side of the street, but limited to 5 linear feet on either side of driveways

3 Allinlets are assumed to be Type BB

“ Atintersections, all sidewalks are assumed to have accessible ramps leading to adjacent sidewalk(s)

% Inlets at intersections were generally included in the E-W street
© One standard driveway per lot

! Surveying services fee is estimated based on $4.75/LF, extending only 100 feet from intersections in all directions
2 Geotechnical services fee is estimated based on $110/VF. The average depth of borehole is assumed as 15 VF. Boreholes assumed every 500 LF.

3 Urban Forester service fee is estimated based on $1.50/LF.
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Preliminary Opinion of Probable Constuction Cost for West University Place: Planning Area 9

R

STREET NAME |Planning Area #9
LENGTH (FT) 3470 | 1 |= 2if Boulevard Street
WIDTH (FT) 14 | 34 |=No. of Driveways
ITEM [ ITEM DESCRIPTION UNIT [ QUAN. [ UNIT PRICE ] TOTAL AMOUNT
NO. | [ [ [
GENERAL ITEMS
1 Traffic Control and Regulation, including signs, barrels, barricades, and flagmen L.S. 4| $ 25,000.00 | $ 100,000.00
Temporary Sediment Control including Inlet protection barrier, Stage | and Il inlets and
existing inlets, including filter fabric fence, gravel bags, repair and replacement,
2 maintenance and removal of sediments, complete in place the sum of: L.S. 4| $ 10,000.00 | $ 40,000.00
SUB-TOTAL GENERAL ITEMS:| $ 140,000.00
PAVING ITEMS
3 Existing concrete pavement removal, complete in place the sum of: S.Y. 5,398 $ 13.00 | $ 70,171.11
6" thick reinforced concrete pavement, including reinforcement, joints and grading,
4 complete in place the sum of: S.Y. 5,398| $ 70.00 | $ 377,844.44
8" lime stabilized subgrade, including grading, mixing, compacting and curing, complete in
5 place the sum of: S.Y. 6,940 $ 12.00 | $ 83,280.00
Lime for lime stabilized subgrade (7% minimum by dry weight), complete in place the sum
6 of: TON 175| $ 165.00 | $ 28,875.00
7 6" concrete curb, including reinforcement and joints, complete in place the sum of: L.F. 6,940| $ 8.00 | $ 55,520.00
6" concrete driveway, including blockout, reinforcement and joints, complete in place the
8 sum of: S.Y. 1,134] § 75.00 | § 85,050.00
9 5' concrete sidewalk, complete in place the sum of: S.F. 1700( $ 13.00 | $ 22,100.00
10 Concrete curb ramp per ADA requirements, complete in place the sum of: EA. 44]1'$  2,000.00 [ $ 88,000.00
SUB-TOTAL PAVING ITEMS:| $ 810,840.56
DRAINAGE ITEMS
11 Remove existing storm sewer pipe, all sizes and all depths, complete in place the sum of: L.F. 3470 | % 20.00 | $ 69,400.00
12 Remove existing storm sewer box, all sizes and all depths, complete in place the sum of: L.F. - $ 40.00 | $ -
13 Remove existing storm sewer inlets, complete in place the sum of: EA. 50 $ 370.00 | $ 18,500.00
14 Remove existing storm sewer manhole, complete in place the sum of: EA. 20[$ 390.00 | $ 7,800.00
24" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
15 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 115.00 | $ -
30" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
16 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 150.00 | § -
36" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
17 stabilized sand bedding and backfill, complete in place the sum of: L.F. 3,470 | $ 180.00 | $ 624,600.00
42" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
18 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 215.00 [ $ -
48" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
19 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 250.00 | $ -
54" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
20 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 270.00 [ $ -
60" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
21 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 350.00 | $ -
Type "BB" Inlet, all depths, including foundation and backfill, complete in place the sum
22 of: EA. 50 | § 4,000.00 | $ 200,000.00
23 Type "D" Inlet, all depths, including foundation and backfill, complete in place the sum of: EA. - 3,500.00 -
24 Manholes (For 42" Dia. Pipe and Smaller) (All Types) EA. 10 3,470.00 34,700.00
25 Manholes (For 48" to 72" Dia. Pipe) (All Types) EA. 10 6,340.00 63,400.00
26 Manholes (For 78" Dia. Pipe and Larger) (All Types) EA. - 16,500.00 -
Reinforced precast junction box, including excavation, bedding and backfill, connection to
27 existing system, complete in place, the sum of: EA. - $ 4,500.00 | $ -
Trench safety for all storm sewers 5' - 10' deep, including installation, operation and
28 removal, complete in place the sum of: L.F. 3470| $ 200 |$ 6,940.00
Trench safety for all storm sewers 10" - 15' deep, including installation, operation and
29 removal, complete in place the sum of: L.F. 70| $ 250 | $ 175.00
SUB-TOTAL DRAINAGE ITEMS: 1,025,515.00
ESTIMATED PROBABLE COST OF CONSTRUCTION: 1,976,355.56
25% CONTINGENCY: 494,088.89
TOTAL ESTIMATED PROBABLE COST OF CONSTRUCTION: 2,470,444.44
Design Engineering Services 10.00% 247,044.44
Bid Phase Services 1.00% 24,704.44
Construction Administration Services 1.00% 24,704.44
Surveying Services 11,500.00
Geotechnical Services 12,600.00
Urban Forester 5,800.00
[OPCC INCLUDING PROFESSIONAL SERVICES (NO DETENTION): |'$ 2,796,797.78 |
Quantity
Calculation

Assumptions:

Engineering Fee

Assumptions:

" Removal and replacement of concrete is based on existing paving section

2 Sidewalk is assumed for one side of the street, but limited to 5 linear feet on either side of driveways

3 Allinlets are assumed to be Type BB

“ Atintersections, all sidewalks are assumed to have accessible ramps leading to adjacent sidewalk(s)

% Inlets at intersections were generally included in the E-W street
© One standard driveway per lot

! Surveying services fee is estimated based on $4.75/LF, extending only 100 feet from intersections in all directions
2 Geotechnical services fee is estimated based on $110/VF. The average depth of borehole is assumed as 15 VF. Boreholes assumed every 500 LF.

3 Urban Forester service fee is estimated based on $1.50/LF.
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Preliminary Opinion of Probable Constuction Cost for West University Place: Planning Area 10

R

STREET NAME |Planning Area #10
LENGTH (FT) 3580 | 1 |= 2if Boulevard Street
WIDTH (FT) 14 | 45 |=No. of Driveways
ITEM [ ITEM DESCRIPTION UNIT [ QUAN. [ UNIT PRICE ] TOTAL AMOUNT
NO. | [ [ [
GENERAL ITEMS
1 Traffic Control and Regulation, including signs, barrels, barricades, and flagmen L.S. 4| $ 25,000.00 | $ 100,000.00
Temporary Sediment Control including Inlet protection barrier, Stage | and Il inlets and
existing inlets, including filter fabric fence, gravel bags, repair and replacement,
2 maintenance and removal of sediments, complete in place the sum of: L.S. 4| $ 10,000.00 | $ 40,000.00
SUB-TOTAL GENERAL ITEMS:| $ 140,000.00
PAVING ITEMS
3 Existing concrete pavement removal, complete in place the sum of: S.Y. 5,569| $ 13.00 | $ 72,395.56
6" thick reinforced concrete pavement, including reinforcement, joints and grading,
4 complete in place the sum of: S.Y. 5,569 $ 70.00 | $ 389,822.22
8" lime stabilized subgrade, including grading, mixing, compacting and curing, complete in
5 place the sum of: S.Y. 7,160 $ 12.00 | $ 85,920.00
Lime for lime stabilized subgrade (7% minimum by dry weight), complete in place the sum
6 of: TON 181] $ 165.00 | $ 29,865.00
7 6" concrete curb, including reinforcement and joints, complete in place the sum of: L.F. 7,160| $ 8.00 | $ 57,280.00
6" concrete driveway, including blockout, reinforcement and joints, complete in place the
8 sum of: S.Y. 1,500| $ 75.00 | § 112,500.00
9 5' concrete sidewalk, complete in place the sum of: S.F. 2250( $ 13.00 | $ 29,250.00
10 Concrete curb ramp per ADA requirements, complete in place the sum of: EA. 44]1'$  2,000.00 [ $ 88,000.00
SUB-TOTAL PAVING ITEMS:| $ 865,032.78
DRAINAGE ITEMS
11 Remove existing storm sewer pipe, all sizes and all depths, complete in place the sum of: L.F. 3,580 | $ 20.00 | $ 71,600.00
12 Remove existing storm sewer box, all sizes and all depths, complete in place the sum of: L.F. - $ 40.00 | $ -
13 Remove existing storm sewer inlets, complete in place the sum of: EA. 36($ 370.00 | $ 13,320.00
14 Remove existing storm sewer manhole, complete in place the sum of: EA. 121§ 390.00 | $ 4,680.00
24" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
15 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 115.00 | $ -
30" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
16 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 150.00 | § -
36" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
17 stabilized sand bedding and backfill, complete in place the sum of: L.F. 3,580 | $ 180.00 | $ 644,400.00
42" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
18 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 215.00 [ $ -
48" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
19 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 250.00 | $ -
54" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
20 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 270.00 [ $ -
60" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
21 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 350.00 | $ -
Type "BB" Inlet, all depths, including foundation and backfill, complete in place the sum
22 of: EA. 36 |$ 4,000.00|$ 144,000.00
23 Type "D" Inlet, all depths, including foundation and backfill, complete in place the sum of: EA. - 3,500.00 -
24 Manholes (For 42" Dia. Pipe and Smaller) (All Types) EA. 6 3,470.00 20,820.00
25 Manholes (For 48" to 72" Dia. Pipe) (All Types) EA. 6 6,340.00 38,040.00
26 Manholes (For 78" Dia. Pipe and Larger) (All Types) EA. - 16,500.00 -
Reinforced precast junction box, including excavation, bedding and backfill, connection to
27 existing system, complete in place, the sum of: EA. - $ 4,500.00 | $ -
Trench safety for all storm sewers 5' - 10' deep, including installation, operation and
28 removal, complete in place the sum of: L.F. 3580| $ 200 |$ 7,160.00
Trench safety for all storm sewers 10" - 15' deep, including installation, operation and
29 removal, complete in place the sum of: L.F. 48| $ 250 | $ 120.00
SUB-TOTAL DRAINAGE ITEMS: 944,140.00
ESTIMATED PROBABLE COST OF CONSTRUCTION: 1,949,172.78
25% CONTINGENCY: 487,293.19
TOTAL ESTIMATED PROBABLE COST OF CONSTRUCTION: 2,436,465.97
Design Engineering Services 10.00% 243,646.60
Bid Phase Services 1.00% 24,364.66
Construction Administration Services 1.00% 24,364.66
Surveying Services 11,500.00
Geotechnical Services 13,000.00
Urban Forester 6,000.00
[OPCC INCLUDING PROFESSIONAL SERVICES (NO DETENTION): |'$ 2,759,341.89 |
Quantity
Calculation

Assumptions:

Engineering Fee

Assumptions:

" Removal and replacement of concrete is based on existing paving section

2 Sidewalk is assumed for one side of the street, but limited to 5 linear feet on either side of driveways

3 Allinlets are assumed to be Type BB

“ Atintersections, all sidewalks are assumed to have accessible ramps leading to adjacent sidewalk(s)

% Inlets at intersections were generally included in the E-W street
© One standard driveway per lot

! Surveying services fee is estimated based on $4.75/LF, extending only 100 feet from intersections in all directions
2 Geotechnical services fee is estimated based on $110/VF. The average depth of borehole is assumed as 15 VF. Boreholes assumed every 500 LF.

3 Urban Forester service fee is estimated based on $1.50/LF.
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Preliminary Opinion of Probable Constuction Cost for West University Place: Planning Area 11

R

STREET NAME |[Planning Area #11
LENGTH (FT) 3980 | 1 |= 2if Boulevard Street
WIDTH (FT) 14 | 54 |=No. of Driveways
ITEM [ ITEM DESCRIPTION UNIT [ QUAN. [ UNIT PRICE ] TOTAL AMOUNT
NO. | [ [ [
GENERAL ITEMS
1 Traffic Control and Regulation, including signs, barrels, barricades, and flagmen L.S. 4| $ 25,000.00 | $ 100,000.00
Temporary Sediment Control including Inlet protection barrier, Stage | and Il inlets and
existing inlets, including filter fabric fence, gravel bags, repair and replacement,
2 maintenance and removal of sediments, complete in place the sum of: L.S. 4| $ 10,000.00 | $ 40,000.00
SUB-TOTAL GENERAL ITEMS:| $ 140,000.00
PAVING ITEMS
3 Existing concrete pavement removal, complete in place the sum of: S.Y. 6,191 $ 13.00 [ $ 80,484.44
6" thick reinforced concrete pavement, including reinforcement, joints and grading,
4 complete in place the sum of: S.Y. 6,191| $ 70.00 | $ 433,377.78
8" lime stabilized subgrade, including grading, mixing, compacting and curing, complete in
5 place the sum of: S.Y. 7,960| $ 12.00 | $ 95,520.00
Lime for lime stabilized subgrade (7% minimum by dry weight), complete in place the sum
6 of: TON 201] $ 165.00 | $ 33,165.00
7 6" concrete curb, including reinforcement and joints, complete in place the sum of: L.F. 7,960 $ 8.00 | $ 63,680.00
6" concrete driveway, including blockout, reinforcement and joints, complete in place the
8 sum of: S.Y. 1,800| $ 75.00 | § 135,000.00
9 5' concrete sidewalk, complete in place the sum of: S.F. 2700( $ 13.00 | $ 35,100.00
10 Concrete curb ramp per ADA requirements, complete in place the sum of: EA. 28| $  2,000.00 [ $ 56,000.00
SUB-TOTAL PAVING ITEMS:| $ 932,327.22
DRAINAGE ITEMS
11 Remove existing storm sewer pipe, all sizes and all depths, complete in place the sum of: L.F. 3,980 | $ 20.00 | $ 79,600.00
12 Remove existing storm sewer box, all sizes and all depths, complete in place the sum of: L.F. - $ 40.00 | $ -
13 Remove existing storm sewer inlets, complete in place the sum of: EA. 40| $ 370.00 | $ 14,800.00
14 Remove existing storm sewer manhole, complete in place the sum of: EA. 16| $ 390.00 | $ 6,240.00
24" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
15 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 115.00 | $ -
30" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
16 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 150.00 | § -
36" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
17 stabilized sand bedding and backfill, complete in place the sum of: L.F. 3,980 | $ 180.00 | $ 716,400.00
42" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
18 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 215.00 [ $ -
48" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
19 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 250.00 | $ -
54" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
20 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 270.00 [ $ -
60" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
21 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 350.00 | $ -
Type "BB" Inlet, all depths, including foundation and backfill, complete in place the sum
22 of: EA. 40[$ 4,000.00 | $ 160,000.00
23 Type "D" Inlet, all depths, including foundation and backfill, complete in place the sum of: EA. - 3,500.00 -
24 Manholes (For 42" Dia. Pipe and Smaller) (All Types) EA. 8 3,470.00 27,760.00
25 Manholes (For 48" to 72" Dia. Pipe) (All Types) EA. 8 6,340.00 50,720.00
26 Manholes (For 78" Dia. Pipe and Larger) (All Types) EA. - 16,500.00 -
Reinforced precast junction box, including excavation, bedding and backfill, connection to
27 existing system, complete in place, the sum of: EA. - $ 4,500.00 | $ -
Trench safety for all storm sewers 5' - 10' deep, including installation, operation and
28 removal, complete in place the sum of: L.F. 3980| $ 200 |$ 7,960.00
Trench safety for all storm sewers 10" - 15' deep, including installation, operation and
29 removal, complete in place the sum of: L.F. 56| $ 250 | $ 140.00
SUB-TOTAL DRAINAGE ITEMS: 1,063,620.00
ESTIMATED PROBABLE COST OF CONSTRUCTION: 2,135,947.22
25% CONTINGENCY: 533,986.81
TOTAL ESTIMATED PROBABLE COST OF CONSTRUCTION: 2,669,934.03
Design Engineering Services 10.00% 266,993.40
Bid Phase Services 1.00% 26,699.34
Construction Administration Services 1.00% 26,699.34
Surveying Services 7,400.00
Geotechnical Services 14,500.00
Urban Forester 6,600.00
[OPCC INCLUDING PROFESSIONAL SERVICES (NO DETENTION): |'$ 3,018,826.11 |
Quantity
Calculation

Assumptions:

Engineering Fee

Assumptions:

" Removal and replacement of concrete is based on existing paving section

2 Sidewalk is assumed for one side of the street, but limited to 5 linear feet on either side of driveways

3 Allinlets are assumed to be Type BB

“ Atintersections, all sidewalks are assumed to have accessible ramps leading to adjacent sidewalk(s)

% Inlets at intersections were generally included in the E-W street
© One standard driveway per lot

! Surveying services fee is estimated based on $4.75/LF, extending only 100 feet from intersections in all directions
2 Geotechnical services fee is estimated based on $110/VF. The average depth of borehole is assumed as 15 VF. Boreholes assumed every 500 LF.

3 Urban Forester service fee is estimated based on $1.50/LF.
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Preliminary Opinion of Probable Constuction Cost for West University Place: Planning Area 12

R

STREET NAME |Planning Area #12
LENGTH (FT) 4940 | 1 |= 2if Boulevard Street
WIDTH (FT) 14 | 66 |=No. of Driveways
ITEM [ ITEM DESCRIPTION UNIT [ QUAN. [ UNIT PRICE ] TOTAL AMOUNT
NO. | | | |
GENERAL ITEMS
1 Traffic Control and Regulation, including signs, barrels, barricades, and flagmen L.S. 3] $ 25,000.00 | $ 75,000.00
Temporary Sediment Control including Inlet protection barrier, Stage | and Il inlets and
existing inlets, including filter fabric fence, gravel bags, repair and replacement,
2 maintenance and removal of sediments, complete in place the sum of: L.S. 3| $ 10,000.00 | $ 30,000.00
SUB-TOTAL GENERAL ITEMS:| $ 105,000.00
PAVING ITEMS
3 Existing concrete pavement removal, complete in place the sum of: S.Y. 7,684| $ 13.00 | $ 99,897.78
6" thick reinforced concrete pavement, including reinforcement, joints and grading,
4 complete in place the sum of: S.Y. 7,684| $ 70.00 | $ 537,911.11
8" lime stabilized subgrade, including grading, mixing, compacting and curing, complete in
5 place the sum of: S.Y. 9,880| $ 12.00 | $ 118,560.00
Lime for lime stabilized subgrade (7% minimum by dry weight), complete in place the sum
6 of: TON 249| $ 165.00 | $ 41,085.00
7 6" concrete curb, including reinforcement and joints, complete in place the sum of: L.F. 9,880| $ 8.00 | $ 79,040.00
6" concrete driveway, including blockout, reinforcement and joints, complete in place the
8 sum of: S.Y. 2,200( $ 75.00 | § 165,000.00
9 5' concrete sidewalk, complete in place the sum of: S.F. 3300( $ 13.00 | $ 42,900.00
10 Concrete curb ramp per ADA requirements, complete in place the sum of: EA. 36|/ $ 2,000.00 [ $ 72,000.00
SUB-TOTAL PAVING ITEMS:| $ 1,156,393.89
DRAINAGE ITEMS
11 Remove existing storm sewer pipe, all sizes and all depths, complete in place the sum of: L.F. 4,940 [ $ 20.00 | $ 98,800.00
12 Remove existing storm sewer box, all sizes and all depths, complete in place the sum of: L.F. - $ 40.00 | $ -
13 Remove existing storm sewer inlets, complete in place the sum of: EA. 451 % 370.00 | $ 16,650.00
14 Remove existing storm sewer manhole, complete in place the sum of: EA. 25(% 390.00 | $ 9,750.00
24" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
15 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 115.00 | $ -
30" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
16 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 150.00 | § -
36" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
17 stabilized sand bedding and backfill, complete in place the sum of: L.F. 4,940 [ $ 180.00 | $ 889,200.00
42" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
18 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 215.00 [ $ -
48" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
19 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 250.00 | $ -
54" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement
20 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 270.00 [ $ -
60" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement
21 stabilized sand bedding and backfill, complete in place the sum of: L.F. - $ 350.00 | $ -
Type "BB" Inlet, all depths, including foundation and backfill, complete in place the sum
22 of: EA. 45[9$ 4,000.00 | § 180,000.00
23 Type "D" Inlet, all depths, including foundation and backfill, complete in place the sum of: EA. - 3,500.00 -
24 Manholes (For 42" Dia. Pipe and Smaller) (All Types) EA. 13 3,470.00 45,110.00
25 Manholes (For 48" to 72" Dia. Pipe) (All Types) EA. 12 6,340.00 76,080.00
26 Manholes (For 78" Dia. Pipe and Larger) (All Types) EA. - 16,500.00 -
Reinforced precast junction box, including excavation, bedding and backfill, connection to
27 existing system, complete in place, the sum of: EA. - $ 4,500.00 | $ -
Trench safety for all storm sewers 5' - 10' deep, including installation, operation and
28 removal, complete in place the sum of: L.F. 4940( $ 200 |$ 9,880.00
Trench safety for all storm sewers 10" - 15' deep, including installation, operation and
29 removal, complete in place the sum of: L.F. 70| $ 250 | $ 175.00
SUB-TOTAL DRAINAGE ITEMS: 1,325,645.00
ESTIMATED PROBABLE COST OF CONSTRUCTION: 2,587,038.89
25% CONTINGENCY: 646,759.72
TOTAL ESTIMATED PROBABLE COST OF CONSTRUCTION: 3,233,798.61
Design Engineering Services 10.00% 323,379.86
Bid Phase Services 1.00% 32,337.99
Construction Administration Services 1.00% 32,337.99
Surveying Services 9,500.00
Geotechnical Services 18,000.00
Urban Forester 8,200.00
[OPCC INCLUDING PROFESSIONAL SERVICES (NO DETENTION): | $ 3,657,554.44 |
Quantity
Calculation

Assumptions:

Engineering Fee

Assumptions:

" Removal and replacement of concrete is based on existing paving section

2 Sidewalk is assumed for one side of the street, but limited to 5 linear feet on either side of driveways

3 Allinlets are assumed to be Type BB

“ Atintersections, all sidewalks are assumed to have accessible ramps leading to adjacent sidewalk(s)

% Inlets at intersections were generally included in the E-W street
© One standard driveway per lot

! Surveying services fee is estimated based on $4.75/LF, extending only 100 feet from intersections in all directions
2 Geotechnical services fee is estimated based on $110/VF. The average depth of borehole is assumed as 15 VF. Boreholes assumed every 500 LF.

3 Urban Forester service fee is estimated based on $1.50/LF.

West U OPCC - PA 4-12 - Drainage.xIsx PA#12
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Preliminary Opinion of Probable Constuction Cost for West University Place: Academy Street Trunkline l-)?

STREET NAME [Academy (Trunkline)
LENGTH (FT) 6750 1 = 2 if Boulevard Street
WIDTH (FT) 27 120 = No. of Driveways
ITEM [ ITEM DESCRIPTION UNIT [ QUAN. [ UNIT PRICE | TOTAL AMOUNT
NO. | |
GENERAL ITEMS
1 Traffic Control and Regulation, including signs, barrels, barricades, and flagmen L.S. 1 $ 25,000.00 [ $ 25,000.00
Temporary Sediment Control including Inlet protection barrier, Stage | and Il inlets and
existing inlets, including filter fabric fence, gravel bags, repair and replacement,
2 maintenance and removal of sediments, complete in place the sum of: L.S. 11'$ 10,000.00 | $ 10,000.00
SUB-TOTAL GENERAL ITEMS:| $ 35,000.00
PAVING ITEMS
3 Existing concrete pavement removal, complete in place the sum of: S.Y. 20,250( $ 13.00 [ $ 263,250.00
6" thick reinforced concrete pavement, including reinforcement, joints and grading,
4 complete in place the sum of: S.Y. 20,250( $ 70.00 | $ 1,417,500.00
8" lime stabilized subgrade, including grading, mixing, compacting and curing, complete in
5 place the sum of: SY. 23,250( $ 12.00 | $ 279,000.00
Lime for lime stabilized subgrade (7% minimum by dry weight), complete in place the sum
6 of: TON 586| $ 165.00 | § 96,690.00
7 6" concrete curb, including reinforcement and joints, complete in place the sum of: L.F. 13,500| $ 8.00 (% 108,000.00
6" concrete driveway, including blockout, reinforcement and joints, complete in place the
8 sum of: S.Y. 4,000 $ 75.00 | $ 300,000.00
9 5' concrete sidewalk, complete in place the sum of: S.F. 6000| $ 13.00 [ $ 78,000.00
10 Concrete curb ramp per ADA requirements, complete in place the sum of: EA. 88| $ 2,000.00 | $ 176,000.00
SUB-TOTAL PAVING ITEMS:| $ 2,718,440.00
DRAINAGE ITEMS
11 Remove existing storm sewer pipe, all sizes and all depths, complete in place the sum of: L.F. 6,750 | $ 20.00 [ $ 135,000.00
12 Remove existing storm sewer box, all sizes and all depths, complete in place the sum of: L.F. - $ 40.00 | $ -
13 Remove existing storm sewer inlets, complete in place the sum of: EA. 20 $ 370.00 | $ 7,400.00
14 Remove existing storm sewer manhole, complete in place the sum of: EA. 12 390.00 4,680.00
15 9 x 8 RCB, all depths, including foundation and backfill, complete in place the sum of: L.F. 675 940.00 634,500.00
16 9 x 9 RCB, all depths, including foundation and backfill, complete in place the sum of: L.F. 590 960.00 566,400.00
17 10 x 9 RCB, all depths, including foundation and backfill, complete in place the sum of: L.F. 560 1,130.00 632,800.00
18 10 x 10 RCB, all depths, including foundation and backfill, complete in place the sum of: L.F. 780 1,300.00 1,014,000.00
19 11 x 10 RCB, all depths, including foundation and backfill, complete in place the sum of: L.F. 1,000 1,320.00 1,320,000.00
20 11 x 11 RCB, all depths, including foundation and backfill, complete in place the sum of: L.F. 3,145 1,335.00 4,198,575.00
21 Type "BB" Inlet, all depths, including foundation and backfill, complete in place the sum of: EA. 20 4,000.00 80,000.00
22 Type "D" Inlet, all depths, including foundation and backfill, complete in place the sum of: EA. - 3,500.00 -
23 Manholes, all depths, including foundation and backfill, complete in place the sum of: EA. 12 3,470.00 41,640.00
Reinforced precast junction box, including excavation, bedding and backfill, connection to
24 existing system, complete in place, the sum of: EA. 12|$ 4,500.00 | $ 54,000.00
Trench safety for all storm sewers 5' - 10' deep, including installation, operation and
25 removal, complete in place the sum of: L.F. 3375| $ 200 (% 6,750.00
Trench safety for all storm sewers 10" - 15' deep, including installation, operation and
26 removal, complete in place the sum of: L.F. 3375| $ 250 (% 8,437.50
SUB-TOTAL DRAINAGE ITEMS: 8,704,182.50
ESTIMATED PROBABLE COST OF CONSTRUCTION: 11,457,622.50
15% CONTINGENCY: 1,718,643.38
TOTAL ESTIMATED PROBABLE COST OF CONSTRUCTION: 13,176,265.88
Design Engineering Services 1,054,101.27
Bid Phase Services (1%) 131,762.66
Construction Administration Services (1%) 131,762.66
Surveying Services (1%) 131,762.66
Geotechnical Services 24,600.00
Urban Forester 11,200.00
| OPCC INCLUDING PROFESSIONAL SERVICES (NO DETENTION): |'$ 14,661,455.12
Quantity
Calculation

Assumptions:

Engineering Fee

Assumptions:

" Removal and replacement of concrete is based on existing paving section

2 Sidewalk is assumed for both sides of the street, but limited to 5 linear feet on either side of driveways

3 All inlets are assumed to be Type BB

4 At intersections, all sidewalks are assumed to have accessible ramps leading to adjacent sidewalk(s)

® Inlets at intersections were generally included in the E-W street
% One standard driveway per lot

" Surveying services fee is estimated based on $4.75/LF, extending only 100 feet from intersections in all directions
2 Geotechnical services fee is estimated based on $110/VF. The average depth of borehole is assumed as 15 VF. Boreholes assumed every 500 LF.

% Urban Forester service fee is estimated based on $1.50/LF.



Preliminary Opinion of Probable Constuction Cost for West University Place: Academy Street Pipeline Easement Option l-)?

STREET NAME |[Academy (Pipeline Easement Option)
LENGTH (FT) 0 1 = 2 if Boulevard Street
WIDTH (FT) 0 0 = No. of Driveways
ITEM [ ITEM DESCRIPTION [ UNIT [ QUAN. [ UNIT PRICE | TOTAL AMOUNT
NO. [ [
GENERAL ITEMS
1 Traffic Control and Regulation, including signs, barrels, barricades, and flagmen L.S. 1 $ 10,000.00 | $ 10,000.00
Temporary Sediment Control including Inlet protection barrier, Stage | and Il inlets and
existing inlets, including filter fabric fence, gravel bags, repair and replacement,
2 maintenance and removal of sediments, complete in place the sum of: L.S. 1] $ 15,000.00 | $ 15,000.00
SUB-TOTAL GENERAL ITEMS:| $ 25,000.00
PAVING ITEMS
3 Existing concrete pavement removal, complete in place the sum of: S.Y. 0| $ 13.00 | $ -
6" thick reinforced concrete pavement, including reinforcement, joints and grading,
4 complete in place the sum of: SY. 0| $ 70.00 [ $ -
8" lime stabilized subgrade, including grading, mixing, compacting and curing, complete in
5 place the sum of: SY. ol $ 12.00 | $ -
Lime for lime stabilized subgrade (7% minimum by dry weight), complete in place the sum
6 of: TON 0| $ 165.00 | $ -
7 6" concrete curb, including reinforcement and joints, complete in place the sum of: L.F. 0| $ 8.00|$ -
6" concrete driveway, including blockout, reinforcement and joints, complete in place the
8 sum of: SY. ol $ 75.00 [ $ -
9 5' concrete sidewalk, complete in place the sum of: S.F. 26200| $ 13.00 [ $ 340,600.00
10 Concrete curb ramp per ADA requirements, complete in place the sum of: EA. 10/ $ 2,000.00 | $ 20,000.00
SUB-TOTAL PAVING ITEMS:| $ 360,600.00
DRAINAGE ITEMS
11 Remove existing storm sewer pipe, all sizes and all depths, complete in place the sum of: L.F. - $ 20.00 [ $ -
12 Remove existing storm sewer box, all sizes and all depths, complete in place the sum of: L.F. - $ 40.00 | $ -
13 Remove existing storm sewer inlets, complete in place the sum of: EA. - $ 370.00 [ $ -
14 Remove existing storm sewer manhole, complete in place the sum of: EA. - $ 390.00 | $ -
8' x 6' RCB, all depths, cement stabilized sand bedding and backfill, complete in place the
15 sum of: L.F. 1,680 | $ 770.00 | $ 1,293,600.00
9'x 6' RCB, all depths, cement stabilized sand bedding and backfill, complete in place the
16 sum of: L.F. 580 | § 780.00 | $ 452,400.00
9'x 7' RCB, all depths, cement stabilized sand bedding and backfill, complete in place the
17 sum of: L.F. 570 [ § 850.00 | $ 484,500.00
10" x 7' RCB, all depths, cement stabilized sand bedding and backfill, complete in place
18 the sum of: L.F. 770 | $ 920.00 | $ 708,400.00
10' x 8' RCB, all depths, cement stabilized sand bedding and backfill, complete in place
19 the sum of: L.F. 990 [ $ 960.00 | $ 950,400.00
10' x 9' RCB, all depths, cement stabilized sand bedding and backfill, complete in place
20 the sum of: L.F. 650 |$ 1,130.00 | $ 734,500.00
21 Type "BB" Inlet, all depths, including foundation and backfill, complete in place the sum of: EA. 20 4,000.00 80,000.00
22 Type "D" Inlet, all depths, including foundation and backfill, complete in place the sum of: EA. - 3,500.00 -
23 Manholes, all depths, including foundation and backfill, complete in place the sum of: EA. 12 3,470.00 41,640.00
Reinforced precast junction box, including excavation, bedding and backfill, connection to
24 existing system, complete in place, the sum of: EA. 12|$  4,500.00 [ $ 54,000.00
Trench safety for all storm sewers 5' - 10" deep, including installation, operation and
25 removal, complete in place the sum of: L.F. 2620| $ 2.00([$ 5,240.00
Trench safety for all storm sewers 10' - 15' deep, including installation, operation and
26 removal, complete in place the sum of: L.F. 2620| $ 250 (% 6,550.00
SUB-TOTAL DRAINAGE ITEMS: 4,811,230.00
ESTIMATED PROBABLE COST OF CONSTRUCTION: ] 5,196,830.00
15% CONTINGENCY: 779,524.50
TOTAL ESTIMATED PROBABLE COST OF CONSTRUCTION: 5,976,354.50
Design Engineering Services (8%) ] 478,108.36
Bid Phase Services (1%) 59,763.55
Construction Administration Services (1%) 59,763.55
Surveying Services (1%) 59,763.55
Geotechnical Services 19,100.00
Urban Forester 8,700.00
| OPCC INCLUDING PROFESSIONAL SERVICES (NO DETENTION): |$ 6,661,553.50 |

Engineering Fee

Assumptions:
' Geotechnical services fee is estimated based on $110/VF. The average depth of borehole is assumed as 15 VF. Boreholes assumed every 500 LF.
2 Urban Forester service fee is estimated based on $1.50/LF.



Preliminary Opinion of Probable Constuction Cost for West University Place: |-)2
Academy Street (Community/Ruskin/W Point)

STREET NAME |Academy (Community / Ruskin / West Point)
LENGTH (FT)  [5700 | 1 |=2ifBoulevard Street
WIDTH (FT) 27 [ 120 [=No. of Driveways
ITEM I ITEM DESCRIPTION [ UNIT | QUAN. [ UNIT PRICE | TOTAL AMOUNT
NO. | | [
GENERAL ITEMS
1 Traffic Control and Regulation, including signs, barrels, barricades, and flagmen L.S. 1] $ 35,000.00 | $ 35,000.00
Temporary Sediment Control including Inlet protection barrier, Stage | and Il inlets and
existing inlets, including filter fabric fence, gravel bags, repair and replacement,
2 maintenance and removal of sediments, complete in place the sum of: L.S. 11 $ 15,000.00 | $ 15,000.00
SUB-TOTAL GENERAL ITEMS:| $ 50,000.00
PAVING ITEMS
3 Existing concrete pavement removal, complete in place the sum of: S.Y. 17,100( $ 13.00 | § 222,300.00
6" thick reinforced concrete pavement, including reinforcement, joints and grading,
4 complete in place the sum of: SY. 17,100( $ 70.00 | $ 1,197,000.00
8" lime stabilized subgrade, including grading, mixing, compacting and curing, complete in
5 place the sum of: SY. 19,633 $ 12.00 | $ 235,600.00
Lime for lime stabilized subgrade (7% minimum by dry weight), complete in place the sum
6 of: TON 495| $ 165.00 [ $ 81,675.00
7 6" concrete curb, including reinforcement and joints, complete in place the sum of: L.F. 11,400( $ 8.00 | $ 91,200.00
6" concrete driveway, including blockout, reinforcement and joints, complete in place the
8 sum of: S.Y. 4,000{ $ 75.00 | § 300,000.00
9 5' concrete sidewalk, complete in place the sum of: S.F. 6000| $ 13.00 | $ 78,000.00
10 Concrete curb ramp per ADA requirements, complete in place the sum of: EA. 88| $ 2,000.00 | $ 176,000.00
SUB-TOTAL PAVING ITEMS:| $ 2,381,775.00
DRAINAGE ITEMS
11 Remove existing storm sewer pipe, all sizes and all depths, complete in place the sum of: L.F. 5,700 | $ 20.00 | § 114,000.00
12 Remove existing storm sewer box, all sizes and all depths, complete in place the sum of: L.F. - $ 40.00 | $ -
13 Remove existing storm sewer inlets, complete in place the sum of: EA. 20($ 370.00 | $ 7,400.00
14 Remove existing storm sewer manhole, complete in place the sum of: EA. 121 $ 390.00 | § 4,680.00
8' x 6' RCB, all depths, cement stabilized sand bedding and backfill, complete in place the
15 sum of: L.F. 880 | $ 770.00 | $ 677,600.00
9'x 6' RCB, all depths, cement stabilized sand bedding and backfill, complete in place the
16 sum of: L.F. 584 | $ 780.00 | $ 455,520.00
9'x 7' RCB, all depths, cement stabilized sand bedding and backfill, complete in place the
17 sum of: L.F. 570 | $ 850.00 | § 484,500.00
10' x 7' RCB, all depths, cement stabilized sand bedding and backfill, complete in place
18 the sum of: L.F. 768 | $ 920.00 | $ 706,560.00
10' x 8' RCB, all depths, cement stabilized sand bedding and backfill, complete in place
19 the sum of: L.F. 991]9% 960.00 | $ 951,360.00
10" x 9' RCB, all depths, cement stabilized sand bedding and backfill, complete in place
20 the sum of: LF. 1,907 [$  1,130.00 | $ 2,154,910.00
21 Type "BB" Inlet, all depths, including foundation and backfill, complete in place the sum of: EA. 20 4,000.00 80,000.00
22 Type "D" Inlet, all depths, including foundation and backfill, complete in place the sum of: EA. - 3,500.00 -
23 Manholes, all depths, including foundation and backfill, complete in place the sum of: EA. 12 3,470.00 41,640.00
Reinforced precast junction box, including excavation, bedding and backfill, connection to
24 existing system, complete in place, the sum of: EA. 12 |$ 4,500.00 | $ 54,000.00
Trench safety for all storm sewers 5' - 10" deep, including installation, operation and
25 removal, complete in place the sum of: L.F. 2850| $ 2.00 | $ 5,700.00
Trench safety for all storm sewers 10' - 15' deep, including installation, operation and
26 removal, complete in place the sum of: L.F. 2850| $ 250 ($ 7,125.00
SUB-TOTAL DRAINAGE ITEMS: 5,744,995.00
ESTIMATED PROBABLE COST OF CONSTRUCTION: 8,176,770.00
15% CONTINGENCY: 1,226,515.50
TOTAL ESTIMATED PROBABLE COST OF CONSTRUCTION: 9,403,285.50
Detention Pond (Dry), 32.4 acre-feet @ $20,000/acre-foot 648,000.00
Detention Pond Land Acquisition, 8.2 acres @ $1,960,200/acre 16,073,640.00
Design Engineering Services 752,262.84
Bid Phase Services (1%) 94,032.86
Construction Administration Services (1%) 94,032.86
Surveying Services (1%) 94,032.86
Geotechnical Services 20,700.00
Urban Forester 9,500.00
| OPCC INCLUDING PROFESSIONAL SERVICES (NO DETENTION): |$ 10,467,846.91 |

Quantity Calculation Assumptions:
" Removal and replacement of concrete is based on existing paving section
2 Sidewalk is assumed for both sides of the street, but limited to 5 linear feet on either side of driveways
3 Allinlets are assumed to be Type BB
4 Atintersections, all sidewalks are assumed to have accessible ramps leading to adjacent sidewalk(s)
° Inlets at intersections were generally included in the E-W street
% One standard driveway per lot
7 The cost of drainage improvement and roadway replacement included in this spreadsheet for Community Dr, Ruskin Dr, and W Point Dr is limited to sections
of the Academy Street relief pipe route.
8 Should this option be preferred, the opinion of cost for Planning Area Il (Community Dr, Ruskin Dr, and W Point Dr) would need to be revised.
9 the drainage conditions along Academy Street. ’ )

Engineering Fee Assumptions:
! Surveying services fee is estimated based on $4.75/LF, extending only 100 feet from intersections in all directions
2 Geotechnical services fee is estimated based on $110/VF. The average depth of borehole is assumed as 15 VF. Boreholes assumed every 500 LF.
® Urban Forester service fee is estimated based on $1.50/LF.



Preliminary Opinion of Probable Construction Cost for West University Place: Auden Street University Blvd.

FR

STREET NAME

Auden Street & University Boulevard

LENGTH (FT) 4500 1 = 2 if Boulevard Street
WIDTH (FT) 12 70 |= No. of Driveways
ITEM ITEM DESCRIPTION UNIT QUAN. UNIT PRICE TOTAL AMOUNT
NO.
GENERAL ITEMS
1 Traffic Control and Regulation, including signs, barrels, barricades, and flagmen L.S. 1| $ 20,000.00 | $ 20,000.00
Temporary Sediment Control including Inlet protection barrier, Stage | and Il inlets and existing
inlets, including filter fabric fence, gravel bags, repair and replacement, maintenance and removal
2 of sediments, complete in place the sum of: L.S. 1% 10,000.00 | $ 10,000.00
SUB-TOTAL GENERAL ITEMS:| $ 30,000.00
PAVING ITEMS
3 Existing concrete pavement removal, complete in place the sum of: S.Y. 6,000| $ 13.00 | $ 78,000.00
6" thick reinforced concrete pavement, including reinforcement, joints and grading, complete in
4 place the sum of: SY. 6,000 $ 70.00 | $ 420,000.00
8" lime stabilized subgrade, including grading, mixing, compacting and curing, complete in place
5 the sum of: S.Y. 8,000| $ 12.00 | $ 96,000.00
6 Lime for lime stabilized subgrade (7% minimum by dry weight), complete in place the sum of: TON 202( $ 165.00 | $ 33,330.00
7 6" concrete curb, including reinforcement and joints, complete in place the sum of: L.F. 4,500 $ 8.00 | $ 36,000.00
8 6" concrete driveway, including blockout, reinforcement and joints, complete in place the sum of: SY. 2,334 $ 75.00 | $ 175,050.00
9 5' concrete sidewalk, complete in place the sum of: S.F. 22500 $ 13.00 | $ 292,500.00
10 Concrete curb ramp per ADA requirements, complete in place the sum of: EA. 4] $ 2,000.00 | $ 8,000.00
SUB-TOTAL PAVING ITEMS:| $ 1,138,880.00

DRAINAGE ITEMS

11 Remove existing storm sewer, all sizes and all depths, complete in place the sum of: L.F. 4700( $ 30.00 | $ 141,000.00
12 Remove existing storm sewer inlet/manhole, complete in place the sum of: EA. 28| $ 600.00 | $ 16,800.00
24" RCP, ASTM C786, Class Il storm sewer, rubber gasket joints, all depths, cement stabilized sand
13 bedding and backfill, complete in place the sum of: L.F. 350| $ 115.00 | $ 40,250.00
30" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement stabilized sand
14 bedding and backfill, complete in place the sum of: L.F. 350| $ 150.00 | $ 52,500.00
36" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement stabilized sand
15 bedding and backfill, complete in place the sum of: L.F. 900| $ 180.00 | $ 162,000.00
42" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement stabilized sand
16 bedding and backfill, complete in place the sum of: L.F. 350( $ 215.00 | § 75,250.00
48" RCP, ASTM C76, Class Ill storm sewer, rubber gasket joints, all depths, cement stabilized sand
17 bedding and backfill, complete in place the sum of: L.F. 1100| $ 250.00 | $ 275,000.00
54" RCP, ASTM C786, Class Il storm sewer, rubber gasket joints, all depths, cement stabilized sand
18 bedding and backfill, complete in place the sum of: L.F. 350| $ 270.00 | $ 94,500.00
60" RCP, ASTM C786, Class Il storm sewer, rubber gasket joints, all depths, cement stabilized sand
19 bedding and backfill, complete in place the sum of: L.F. 750| $ 350.00 | $ 262,500.00
66" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement stabilized sand
20 bedding and backfill, complete in place the sum of: L.F. 0| $ 360.00 | $ -
72" RCP, ASTM C76, Class Il storm sewer, rubber gasket joints, all depths, cement stabilized sand
21 bedding and backfill, complete in place the sum of: L.F. 0| $ 485.00 | $ -
22 Type "BB" Inlet, all depths, including foundation and backfill, complete in place the sum of: EA. 18| $ 4,000.00 | $ 72,000.00
23 Type "D" Inlet, all depths, including foundation and backfill, complete in place the sum of: EA. 0| $ 3,500.00 | $ -
Reinforced precast junction box, including excavation, bedding and backfill, connection to existing
24 system, complete in place, the sum of: EA. 14| $ 4,500.00 | $ 63,000.00
Trench safety for all storm sewers greater than 5' deep, including installation, operation and
25 removal, complete in place the sum of: L.F. 4186.8| $ 1.00|$ 4,186.80
SUB-TOTAL DRAINAGE ITEMS:| $ 1,258,986.80
ESTIMATED PROBABLE COST OF CONSTRUCTION: $ 2,427,866.80
15% CONTINGENCY: $ 364,180.02
TOTAL ESTIMATED PROBABLE COST OF CONSTRUCTION: $ 2,792,046.82
Design Engineering Services 8.00% $223,363.75
Bid Phase Services 1.00% $27,920.47
Construction Administration Services 1.00% $27,920.47
Surveying Services $ 23,600.00
Geotechnical Services $ 23,600.00
Urban Forester $ 7,500.00
Total Engineering Services $ 333,904.68

Overall Total Estimated Probable Cost

$3,125,951.50 |

Quantity Calculation
Assumptions:

1 . - ’ .
Removal and replacement of concrete is based on existing paving section

? Sidewalk is assumed for one side of the street only.

Engineering Fee
Assumptions:

! Surveying services fee is estimated based on $4.75/LF.

2 Geotechnical services fee is estimated based on $110/VF. The average depth of borehole is assumed as 15 VF. Boreholes every 500 LF.

3 Urban Forester service fee is estimated based on $1.50/LF.
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Preliminary Opinion of Probable Constuction Cost for West University Place: Buffalo Speedway

R

STREET NAME |[Buffalo Speedway
LENGTH (FT) 8240 1 = 2 if Boulevard Street
WIDTH (FT) 25 4 = No. of Driveways
ITEM [ ITEM DESCRIPTION UNIT [ QUAN. [ UNIT PRICE | TOTAL AMOUNT
NO. [
GENERAL ITEMS
1 Traffic Control and Regulation, including signs, barrels, barricades, and flagmen L.S. 1] $ 50,000.00 | $ 50,000.00
Temporary Sediment Control including Inlet protection barrier, Stage | and Il inlets and
existing inlets, including filter fabric fence, gravel bags, repair and replacement,
2 maintenance and removal of sediments, complete in place the sum of: L.S. 1] $ 25,000.00 | $ 25,000.00
SUB-TOTAL GENERAL ITEMS:| $ 75,000.00
PAVING ITEMS (CITY OF HOUSTON SOUTH OF BELLAIRE BOULEVARD)
3 Existing concrete pavement removal, complete in place the sum of: S.Y. 6,000{ $ 13.00 [ $ 78,000.00
6" thick reinforced concrete pavement, including reinforcement, joints and grading,
4 complete in place the sum of: SY. 6,000| $ 70.00 | $ 420,000.00
8" lime stabilized subgrade, including grading, mixing, compacting and curing, complete in
5 place the sum of: SY. 6,000 $ 12.00 | $ 72,000.00
Lime for lime stabilized subgrade (7% minimum by dry weight), complete in place the sum
6 of: TON 152| $ 165.00 | $ 25,080.00
7 6" concrete curb, including reinforcement and joints, complete in place the sum of: L.F. 3,000| $§ 8.00[$ 24,000.00
6" concrete driveway, including blockout, reinforcement and joints, complete in place the
8 sum of: SY. 134 $ 75.00 | $ 10,050.00
9 5' concrete sidewalk, complete in place the sum of: S.F. 100 $ 13.00 [ $ 1,300.00
10 Concrete curb ramp per ADA requirements, complete in place the sum of: EA. 0[$ 2,000.00 | $ -
SUB-TOTAL PAVING ITEMS:| $ 630,430.00
DRAINAGE ITEMS
11 Remove existing storm sewer pipe, all sizes and all depths, complete in place the sum of: L.F. - $ 20.00 [ $ -
12 Remove existing storm sewer box, all sizes and all depths, complete in place the sum of: L.F. - $ 40.00 | $ -
13 Remove existing storm sewer inlets, complete in place the sum of: EA. - $ 370.00 [ $ -
14 Remove existing storm sewer manhole, complete in place the sum of: EA. - 390.00 -
15 72" RCP, all depths, including foundation and backfill, complete in place the sum of: L.F. 520 485.00 252,200.00
16 8 x 5 RCB, all depths, including foundation and backfill, complete in place the sum of: L.F. 3,000 660.00 1,980,000.00
17 8 x 6 RCB, all depths, including foundation and backfill, complete in place the sum of: L.F. 2,050 770.00 1,578,500.00
18 8 x 8 RCB, all depths, including foundation and backfill, complete in place the sum of: L.F. 4,130 920.00 3,799,600.00
19 9 x 8 RCB, all depths, including foundation and backfill, complete in place the sum of: L.F. 750 [ $ 940.00 | $ 705,000.00
20 8 x 7 RCB, all depths, including foundation and backfill, complete in place the sum of: L.F. 2,600 [ $ 840.00 [ $ 2,184,000.00
21 Type "BB" Inlet, all depths, including foundation and backfill, complete in place the sum of: EA. - 4,000.00 -
22 Type "D" Inlet, all depths, including foundation and backfill, complete in place the sum of: EA. - 3,500.00 -
23 Manholes, all depths, including foundation and backfill, complete in place the sum of: EA. 20 3,470.00 69,400.00
Reinforced precast junction box, including excavation, bedding and backfill, connection to
24 existing system, complete in place, the sum of: EA. 35|$ 4,500.00 | $ 157,500.00
Trench safety for all storm sewers 5' - 10" deep, including installation, operation and
25 removal, complete in place the sum of: L.F. 4120 $ 2.00([$ 8,240.00
Trench safety for all storm sewers 10' - 15' deep, including installation, operation and
26 removal, complete in place the sum of: L.F. 4120| $ 250 $ 10,300.00
SUB-TOTAL DRAINAGE ITEMS: 10,744,740.00
ESTIMATED PROBABLE COST OF CONSTRUCTION: 11,450,170.00
15% CONTINGENCY: 1,717,525.50
TOTAL ESTIMATED PROBABLE COST OF CONSTRUCTION: 13,167,695.50
Design Engineering Services (12%) ] 1,580,123.46
Bid Phase Services (1%) 131,676.96
Construction Administration Services (1%) 131,676.96
Surveying Services (1%) 131,676.96
Geotechnical Services 30,000.00
Urban Forester 13,600.00
| OPCC INCLUDING PROFESSIONAL SERVICES: |$ 15,186,449.83 |

Engineering Fee
Assumptions:

' Geotechnical services fee is estimated based on $110/VF. The average depth of borehole is assumed as 15 VF. Boreholes assumed every 500 LF.

2 Urban Forester service fee is estimated based on $1.50/LF.

Buffalo_Speedway _ DB 10-09-2018.xIsx Buffalo Speedway
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1 Project Introduction

This preliminary engineering report describes the drainage system upgrades associated with
proposed roadway improvements to Buffalo Speedway within the City of West University Place,
Texas. The following sections provide descriptions of the hydrologic methodology for computing
peak discharges and runoff hydrographs for the existing drainage system, discuss the proposed
plan for roadway and drainage improvements to Buffalo Speedway, and provide the results of
the hydraulic analysis of the existing and proposed drainage system.

Buffalo Speedway is a four-lane, curb-and-
gutter roadway with storm sewer drainage.
It passes through the east-central portion of
West University Place from north to south,
entering West U from the City of Houston to
the north and exiting into the City of
Houston to the south. Storm sewers along
Buffalo Speedway drain storm runoff from a
total drainage area of approximately 541
acres, including approximately 131 acres
north of West U and 46 acres to the south.
The Buffalo Speedway drainage system
empties into Poor Farm Ditch a short
distance south of Bellaire Boulevard. Exhibit 1 is a drainage area map for the Buffalo Speedway
storm sewer system.

L. e z - -"- Wil
Figure 1: Typical Configuration of the Existing Buffalo
Speedway in West University Place

The existing drainage system of Buffalo Speedway consists of a single 66-inch RCP storm
sewer between Bissonnet and Georgetown, a single 72-inch RCP between Georgetown and
Ambherst, and dual 66-inch RCPs between Amherst and the system outfall to Poor Farm Ditch.
The existing storm sewer passes through the St. Vincent De Paul Catholic Church property prior
to reaching the Poor Farm Ditch outfall. The alignments and extents of the existing trunk line
storm sewers are illustrated on Exhibit 1.

Various lateral pipes empty into the Buffalo Speedway system from the east and west, and
connectors are provided between the dual 66-inch RCPs to allow water to flow from one pipe to
the other. The existing system does not have sufficient capacity to convey the 2-year storm
event, and the lack of storm sewer capacity causes significant street ponding within the project
area during periods of heavy rainfall.

The City of West University Place proposes to complete improvements to Buffalo Speedway
from Bissonnet Street southward Bellaire Boulevard and has secured Transportation
Improvement Program (TIP) funding for re-paving the roadway within the proposed project
limits. In addition to paving improvements, West U proposes to upgrade the existing storm
sewer drainage system, with improvements extending all the way to the Poor Farm Ditch outfall.
The following figure illustrates the general extents of the Buffalo Speedway project and the size

hdrinc.com 4828 Loop Central #800, Houston, TX 77081-2220
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of the proposed new storm sewer pipes and culverts along the roadway. Storm sewer sizing for
the preliminary drainage design is based on the assumption that the existing single 66-inch
storm sewer at Bissonnet Street remains in place, serving as a flow regulator and maintaining
existing flow rates into West U from the 131-acre City of Houston drainage area to the north.

Proposed storm sewer sizes range from a single 66-inch RCP at Bissonnet Street to dual 8 x 8’
RCB culverts at the point where the Buffalo Speedway storm sewer exits the road right-of-way
to cross the St. Vincent de Paul campus and outfall to Poor Farm Ditch. Exhibit 2 illustrates the
proposed storm sewer sizes along Buffalo Speedway required to pass the 2-year storm design
storm event with average velocity of 3 feet per second.

Existing Dual 66” Monolithic
Concrete Pipes

Figure 2: Route of Existing Dual 66" Storm Sewer Across the St. Vincent de Paul Campus

Existing storm sewers along Buffalo Speedway, consisting mainly of single 66-inch to 72-inch
pipes or dual 66-inch pipes, are assumed to remain in place to provide in-line detention storage.
The existing dual 66-inch storm sewer pipes between Buffalo Speedway and Poor Farm Ditch
(i.e., the pipes that pass through the St. Vincent de Paul campus) are assumed to be replaced
with either dual 8’ x 8’ box culverts plus flow regulators or replaced in kind (i.e., as new dual 66-
inch pipes) to regulate flows to the outfall. Regulating structures are provided at intervals along
the Buffalo Speedway system to make full use of system storage. No increases in downstream
are proposed for storm events ranging from the 10-year (10% annual chance) event to the 100-
year (1% annual chance) storm event. Flow rates are increased somewhat for the 2-year (50%
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annual chance event), but both Poor Farm Ditch and Brays Bayou provide sufficient capacity to

accommodate peak runoff rates for the 2-year event.
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Figure 3: General Extents of Buffalo Speedway Drainage Improvements

A set of images provided in Appendix A to this report offer a “virtual tour” of the Buffalo Speedway
project area, with a separate image at each intersection starting at Bissonnet and extending
southward to Bellaire Boulevard, with supplemental information on the outfall to Poor Farm Ditch.
These images provide background information on the existing roadway, cross-streets, signals,

sidewalks, and other infrastructure, as well as trees and other features.
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2 Hydrologic Methodology

Peak discharge rates for the areas draining toward Buffalo Speedway were computed using the
Rational Method. The time of concentration was computed using the method described in the
TXDOT Hydraulic Design Manual using the equation shown below. This equation is based on
an average storm sewer flow velocity of 3 feet per second, which is very standard for the
Houston area.

Length of Flow Path

ft S
375 x 60 ——

T, = 10 minutes +

The rainfall intensity for each drainage area was computed using the equation shown below.

o b
Tt

The e, d and b values required to compute rainfall intensities were taken from the latest version
of the TXDOT “EBD Look-Up Table.” The peak discharge rates were computed for the 2-year
(50% annual chance) and 100-year (1% annual chance) storm events using the Rational
Method and the equation below:

Q = CiA

Where Q = peak discharge rate in cubic feet per second, i = rainfall intensity in inches per hour,
C = runoff coefficient based on land use, and A = drainage area of the sub-watershed.

Runoff hydrographs for each sub-basin were created using the HEC-HMS software program.
The Green-Ampt loss function was used to simulate the runoff losses within the drainage area,
and the Clark Unit Hydrograph method was used to develop the hydrographs. The runoff
coefficient used in the Clark Unit Hydrograph method was iterated such that the peak discharge
rate of the hydrograph was equal to the peak discharge rate computed with the Rational
Method. Those runoff hydrographs were then applied to the XP-SWMM 1D/2D model of the
Buffalo Speedway drainage system. All hydrographs were developed for rainfall events with 24-
hour duration.

Table 1 below provides a summary of the |

drainage areas, their times of concentration, and ‘

the peak discharge rates computed with HEC- ) H
HMS for the 2-year, 10-year, and 100-year storm

events. Exhibit 1 provides a drainage area map
of the Buffalo Speedway drainage system. The ’
boundaries of each of the drainage area listed in J .

Table 1 are illustrated on the exhibit. The figure / \

at right illustrates a sample computed ] , . n
hydrographs for the 100-year storm event. i i °°|°" Ml

Flow (cfs)
=
Spa——

Figure 4: Sample 100-Year Hydrograph
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Table 1 - Summary of Peak Discharge Rates

Ar Time of Storage Peak Discharge (cfs)
Area ID ea Concentration | Coefficient
(acres) 2-Year 10-Year | 100-Year
(hours) (hours)

COHN 131.21 0.64 0.40 251 411 608
COHS 4557 0.58 0.55 77 128 191
BSW 09 32.57 0.56 0.87 42 72 111
BSWT 1A 21.27 0.54 0.85 28 48 74
BSW 01 10.00 0.50 0.80 14 23 36
BSW 11 28.62 0.55 0.87 37 64 98
BSW 08 27.51 0.55 0.86 36 62 94
BSW 05 S 25.64 0.55 0.86 34 58 88
BSW 10 24.71 0.54 0.86 32 56 85
BSW 12 15.00 0.52 0.82 20 35 53
BSWT 5A 8.80 0.49 0.79 12 21 32
BSW 07 19.58 0.53 0.84 26 45 68
BSW 06 N 19.23 0.53 0.84 26 44 67
BSWT 3A 18.47 0.53 0.84 25 42 64
BSW 14 11.71 0.51 0.81 16 27 42
BSWT 7A 5.26 0.47 0.77 7 13 19
BSW 04 10.21 0.50 0.80 14 24 36
BSWT 2A 6.32 0.48 0.78 9 15 23
BSW 15 8.69 0.49 0.79 12 21 31

BSWT 8A 7.30 0.49 0.78 10 17 26
BSW13 10.06 0.50 0.80 14 24 36
BSWT 6A 5.48 0.48 0.77 8 13 20
BSWO06 S 13.23 0.51 0.82 18 31 47
BSWT 4A 10.52 0.50 0.80 14 25 38
BSW 03 10.25 0.50 0.80 14 24 37
BSW 02 9.98 0.50 0.80 14 23 36
BSW 05N 4.72 0.47 0.77 7 11 17

Computed hydrographs are inserted into hydraulic models (described in Section 4 of this report)
at nodes where tributary storm sewer systems tie into the Buffalo Speedway system, typically
from the east or west.
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3 Proposed Drainage Plan

A preliminary design was developed for the proposed storm sewer based on the peak discharge
rates for the 2-year (50% annual chance) storm event. A Microsoft Excel® spreadsheet was
used to establish preliminary storm sewer sizes based on a nominal full flow velocity of 3 feet
per second, a value which initial assessments would minimize the potential for downstream
impacts on peak flow rates. Detailed modeling of the existing and proposed storm sewers is
described in the next section of this report.

3.1 Proposed Storm Sewer Sizing & Layout

The proposed storm sewer ranges in size from a single 66-inch RCP at Bissonnet Street
(increasing to a 72-inch RCP just downstream of Bissonnet) to dual 8'x8’ box culverts near the
outfall. The outfall pipes which cross the St. Vincent De Paul Catholic Church property are
proposed to remain as 66-inch RCPs in order to maintain the same existing drainage easement
through that property. Connectors between existing and proposed storm sewers will be
provided in order to allow storm water to transfer between the existing and proposed storm
sewers. In order to meter the discharge into Poor Farm Ditch, short segments of 48-inch RCP
are proposed at various locations throughout the proposed drainage system. These short
segments of pipe serve as restrictors to allow the velocity of flow through the proposed system
to mimic the velocity of flow in the existing system. Note that these 48-inch pipes are proposed
for ease of modeling, but actual restrictors should be designed using steel plates or other
means that allow restrictors to be adjusted or removed as downstream channel capacity is
increased or detention becomes available. The existing pipes along Buffalo Speedway are
proposed to be left in place and connected to the proposed storm sewer to provide storage
within the drainage system. Table 2 provides a summary of the existing storm sewer and the
proposed storm sewer improvements.

Table 2 — Summary of Proposed Storm Sewer Improvements

Existing Storm Sewer Proposed Storm Sewer

Cross-Street| Number | Diameter (inches)| Number | Span/Dia (ft)| Rise (ft)
Bissonnet 1 66 1 6 -
Albans 1 66 1 8 5
Nottingham 1 66 1 8 6
Tangley 1 66 1 8 8
Georgetown 1 72 1 9 8
Ambherst 2 66 2 8 5
University 2 66 2 8 5
Duke 2 66 2 8 6
Pittsburgh 2 66 2 8 7
Carnegie 2 66 2 8 7
Cason 2 66 2 8 8
Bellaire 2 66 2 8 8
Outfall 2 66 2 55 -
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Exhibit 2 provides a layout of the existing and proposed storm sewer systems with sizing. The
total length of the Buffalo Speedway storm sewer system from Bissonnet Street to Poor Farm
Ditch is approximately 8,450 feet.

The following figures illustrates the general approach recommended for constructing the storm
sewers within the existing Buffalo Speedway right-of-way. In both figures, solid black lines
represent existing storm sewers, while dashed black lines represent proposed storm sewers.
North of Amherst, the existing 66-inch to 72-inch storm sewers consists of a single line on the
west side of the road. Therefore, from Bissonnet southward to Amherst, the new storm sewer is
proposed to be constructed on the east side of the road as indicated on Figure 5.
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Figure 5: Proposed Storm Sewer Arrangement North of Amherst

hdrinc.com 4828 Loop Central #800, Houston, TX 77081-2220
| Texas Registered Engineering Firm F-754



Buffalo Speedway Improvements
Drainage Preliminary Engineering Report

South of Amherst, an existing 66-inch storm sewer pipe lies along each side of the road, so it is
recommended that the proposed storm sewers be constructed “inside” of the existing pipes, as
indicated on Figure 6.
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Figure 6: Proposed Storm Sewer Arrangement South of Amherst

This approach allows for improved traffic control, as in addition to two traffic lanes on one side of the
road, an outside lane can be made available on the other side of the road for access to existing
driveways. The following figure illustrates this approach to traffic control, which has been
successfully utilized by HDR on recent construction projects.
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Figure 7: Possible Traffic Control Approach for Buffalo Speedway

3.2  Crossing the St. Vincent de Paul Church Property

Hydraulic modeling results indicate that the existing dual 66-inch storm sewer crossing the St.
Vincent de Paul Catholic Church campus could, in terms of capacity, be left in place to regulate
flows to Poor Farm Ditch. However, information provided by the City of West University Place
indicates that the existing pipes are in less than satisfactory condition and must be replaced. The
replacement storm sewer may take the form of dual 8’ x 8 box culvert storm sewers per the design
summary presented on Exhibit 2. Alternatively, the existing dual 66-inch storm sewers may be
replaced in kind, with the new dual 66-inch pipes regulating flow to Poor Farm Ditch. The latter
approach would likely result in significant cost savings, but should conditions change sufficiently in
the future to allow the flow regulators in the proposed system to be removed, replacing the dual 66-
inch storm sewers in kind would not provide full capacity for the non-regulated condition.
Additionally, entering the church property a second time in the future to re-construct or add to the
dual 66-inch storm sewers may prove to be problematic. Following is a list of possible design
issues and approaches that must be considered for these two options.

Option #1: Construct New Dual 8’ x 8’ Box Culvert Storm Sewer

e Accounted for in the project cost estimate.

e Provides capacity for possible future condition where detention is provided downstream.

o Must negotiate an alignment and easement with the church.

e Can remove the existing dual 66-inch pipes or grout fill in place.

e Easement will be wider if existing 66-inch pipes are left in place.

e |[f existing 66-inch pipes are left in place, will have to construct a new outfall at Poor Farm Ditch.

hdrinc.com 4828 Loop Central #800, Houston, TX 77081-2220
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e If existing 66-inch pipes are left in place, the new storm sewer will intersect the existing.

e Leaving existing 66-inch pipes in place will reduce disturbance related to required pipe demo.
e If 66-inch pipes are removed, can replace with 2 — 8 x 8’ and preserve the existing outfall.

e The cost estimate developed for the project does not account for a new outfall.

Option #2: Construct Dual 66-inch Storm Sewer

e Cost would be reduced, as 2 — 8’ x 8’ are accounted for in the project cost estimate.

e Would lack capacity for possible future condition where detention is provided downstream.

e Permutation would involve new dual 66” & cure-in-place of existing 66” for future capacity.

e Must negotiate an alignment and easement with the church.

e Can remove the existing dual 66-inch pipes or grout fill in place.

e Easement will be wider if existing 66-inch pipes are left in place.

e [f existing 66-inch pipes are left in place, will have to construct a new outfall at Poor Farm Ditch.
e |eaving existing 66-inch pipes in place will reduce disturbance related to required pipe demo.
e If existing 66-inch pipes are cured in place, can use the existing outfall for those existing pipes.
e If 66-inch pipes are removed, can replace with dual 66-inch and preserve the existing outfall.

o The cost estimate developed for the project does not account for a new outfall.

The following figure illustrates some of the possible combinations described above.
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Figure 8: Possible Pipe Combinations Across the St. Vincent de Paul Campus

As indicated, leaving the existing monolithic pipes in place creates the need for an added easement
or a wider easement, and may require that the existing outfall structure be replaced or significantly
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modified. That structure was repaired in 2014. Construction documents prepared for that project by
HDR Engineering, Inc. in 2014 are attached to this report as Appendix B.

3.3

The existing storm sewers along Buffalo Speedway were
constructed during World War 1, and due to rationing of steel
during the war, the storm sewers were constructed as
monolithic concrete pipes. The figure at right illustrates a
typical section of the existing storm sewers. The prescribed
wall thickness for the 66-inch and 72-inch pipes along Buffalo
Speedway was 8 inches to 8"2inches. A copy of the
construction plans for the original West U storm sewer system
is attached to this report as Appendix C. The plans, which
were completed in 1942, include storm sewer layouts, details,
and the design of the original outfall structure at the Buffalo
Speedway outfall to Poor Farm Ditch.

The construction of new box culvert storm sewers under the
inner lanes of Buffalo Speedway will require that flow be
transferred from the existing 66-inch and 72-inch storm sewers
on the outside of the roadway to the new box culverts. In
order to achieve the required transfer of storm water, physical
connections between the existing monolithic concrete storm
sewers and the proposed box culvert storm sewers will be

Tying Into Existing Monolithic Concrete Storm Sewers

SECTION

OIMENIIONS OF BLAIN F@PCRB?} IEWERY

Figure 9: Typical Section,

Monolithic Concrete Storm Sewer

required. The figure below provides a possible means of making the required connections. This
detail was detailed in connection with past roadway rehabilitation projects involving drainage
improvements at intersections of Buffalo Speedway with various cross-streets.
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Figure 10: Detail for Connecting to Monolithic Concrete Storm Sewers
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Appendix D contains excerpts from construction plans developed by Claunch & Miller, Inc. in 2002
for Priority Area 10 improvements, which involved side streets south of University Boulevard, and for
Priority Area 11B, which involved side streets north of University Boulevard.

3.4 Flow Regulation at Bissonnet Street

As indicated previously in this report, it is proposed that the existing single 66-inch storm sewer pipe
that enters West University Place from the Bissonnet Street right-of-way be left in place to serve as a
flow regulator. The following figure provides a basic approach to the manner in which this is
proposed to be accomplished.

W
Future West U
Storm Sewer

”R -

Prop. West U
Storm Sewer

[
L
- A
- Wr on
\;

P
Wroxtonl|

|
‘I
I-

Figure 11: Flow Regulation at Bissonnet Street

As indicated in the figure, the existing City of Houston storm sewer is left in place between Bissonnet
Street and Wroxton Road. The Buffalo Speedway design calculations call for a new 66-inch storm
sewer on the east side of Buffalo Speedway. In the interim, however, that 66-inch storm sewer may
be omitted from West U’s Buffalo Speedway improvement plan. Under this scenario, proposed
storm sewer improvements would begin at the intersection of Buffalo Speedway and Wroxton Road
and extend southward from that location. This would leave only the existing single 66-inch storm
sewer in place between Bissonnet and Wroxton Road, with the possibility of adding the second 66-
inch storm sewer along the east side of Buffalo Speedway in the future. This plan achieves the goal
of regulating flows from the north while preserving the ability to make future improvements.
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3.5 Flow Regulation along Buffalo Speedway

Due to the lack of available detention, the existing 66-inch and 72-inch storm sewers along Buffalo
Speedway are proposed to be left in place to provide in-line detention storage. Proposed new box
culvert storm sewers are designed to accommodate the existing conditions 2-year flow from the area
north of Bissonnet Street (set equal for design purposes to the capacity of the existing 66-inch storm
sewer that enters West University Place from the north) as well as 2-year flows from areas within the
City of West University Place and contributing areas in the City of Houston south of Bellaire
Boulevard. However, the proposed new storm sewers are significantly larger than the existing storm
sewers, they have a much greater flow capacity than the existing storm sewers, and the detention
storage made available by leaving existing storm sewer pipes in place along Buffalo Speedway is
not sufficient to fully mitigate potential increases in 10-year and 100-year flow rates. In order to
regulate the flow from the proposed storm sewer system, the proposed storm sewers are proposed
to be regulated to provide additional in-line storage until such time as downstream capacity along
Brays Bayou is sufficient to accept the full-capacity flow from the proposed storm sewers or
detention is provided at some downstream location.

In the proposed conditions XPSWMM models of the Buffalo Speedway drainage system, a total of
six (6) flow regulators are represented at intervals along the new storm sewer. These regulators are
modeled as 48-inch pipes, but the actual physical configuration of the regulators may take a number
of forms. Possible alternatives for constructing the required regulators include the following.

e Construct masonry walls in manholes or junction boxes to limit flow openings at regulator
locations to roughly to the equivalent of a 48-inch pipe.

e Install steel plates at manholes or junction boxes to limit flow openings at regulator locations
to roughly to the equivalent of a 48-inch pipe.

e Concrete or grout short segments of 48-inch pipe into the proposed box culverts at the
prescribed locations.

o Use a stop-log system at each of the prescribed locations to limit flow openings at regulator
locations to roughly to the equivalent of a 48-inch pipe.

The selected means of achieving the required degree of flow regulation should be simple, cost-
effective, long-lasting, require little maintenance, and allow for modification or removal of regulators.
The following matrix is used to evaluate the various regulation alternatives for overall suitability.

Table 3: Evaluation of Potential Flow Regulation Methods

Cost- Long Easily Easily
Approach/ Method Simple Effective Lasting Maintained | Modified
Masonry Walls v v v v
Steel Plates v v v
Pipe Segments v v v
Stop-Logs v v v

As indicated in the table, none of the evaluated approaches satisfies all of the criteria, but a simple

masonry wall satisfies most of the criteria, failing only the ease of modification criterion. The

hdrinc.com
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following figure represents the basic approach to the construction of a masonry wall that is strong
enough to withstand hydraulic pressure but also represents a modular system that can be removed
without undue difficulty.

Man-Way for Top of

/ Access Pavement \

Junction Box or
Box Culvert

Masonry Wall
Two (2) Courses
"2 Steel Plate of Cinder Block
4, X 3, 4! x 3,
Opening | Opening
Longitudinal View Along Storm Sewer Transverse (Side) View of Storm Sewer

Figure 12: General Form of Masonry Flow Regulator

3.6 Utility Concerns

In constructing the proposed new s v _
storm sewers, care must be exercised | T 7T = — o
to avoid existing utilities along Buffalo [ —— s ' :

— e M

Speedway. The figure at right is i
representative of the water line layout ' e
for the entire length of the proposed

roadway and drainage improvement
project. The traffic control plan
described in the foregoing section of
this report minimizes potential conflicts
with existing utilities, including sanitary
sewers and existing water lines, the
latter of which are located on both sides
of the roadway, by constructing the
storm sewers in the middle portion of the
roadway, away from the curb lines and
the area immediately behind the curbs
where utilities are located.
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Figure 13: Typical Water Line Arrangement
along Buffalo Speedway
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4 Hydraulic Analysis
4.1 Existing Conditions

The existing conditions hydraulic model is a 1D/2D coupled XP-SWMM model created by HDR.
The storm sewer elevation data was obtained from field survey provided by West Belt
Surveying, Inc. Appendix E contains a map of the Buffalo Speedway project area with
tabulated field survey data for the existing storm sewer system between Bissonnet Street and
Poor Farm Ditch. The 2D domain of the model was created using the 2008 LiDAR data
obtained by the Houston-Galveston Area Council. The runoff hydrographs described in Section
2 of this report were inserted using the “User Inflow” setting at computation points along the
system. The model only includes the storm sewer trunk line(s) and does not include the inlet
level calculations, as under the TIP funding program the roadway design engineer is
responsible for designing storm sewer inlets and providing sufficient inlet capacity, while the
storm sewer design engineer is responsible for the sizing and arrangement of storm sewer
pipes. The model includes the 2-year, 10-year, and 100-year storm events. The tailwater
condition was set at the top of the outfall pipe at Poor Farm Ditch.

The results of the existing conditions hydraulic analysis indicate that the storm sewer trunk line
does not have sufficient capacity to convey the 2-year peak discharge. Storm water ponding is
expected along the entire corridor of Buffalo Speedway, and storm water flows eastward toward
Belmont Street and then outside the extents of the 2D domain on the east, west and south
boundaries of the 2D domain. The runoff which exits the 2D domain is calculated via a 2D flow
line along the boundary within the hydraulic model. The runoff hydrographs from the storm
sewers and 2D flow lines are shown below in Figure 14. As shown, the combined peak
discharge from the system via all routes (including overland routes as well as the Poor Farm
Ditch outfall) is approximately 325 cfs. The combined peak discharge at the outlet to Poor Farm
Ditch is approximately 280 cfs.

Figure 14 - Existing Conditions 2-Year Runoff Hydrographs

Buffalo Speedway - Hydrographs - Existing Conditions
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The 10-year runoff hydrographs for the existing conditions are shown below in Figure 15. As
shown, the combined peak discharge from the system (via all routes) is approximately 450 cfs.
The 10-year peak discharge at the storm sewer outfall to Poor Farm Ditch is approximately 340
cfs.

Figure 15 - Existing Conditions 10-year Runoff Hydrographs

Buffalo Speedway - Hydrographs - Existing Conditions

122008 218 V0172 M201TT12 20171200 1
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The 100-year runoff hydrographs for the existing conditions are provided below in Figure 16.
As shown, the combined peak discharge (via all routes) is approximately 880 cfs. The 100-year
peak discharge at the Poor Farm Ditch outfall is approximately 450 cfs.

Figure 16 - Existing Conditions 100-Year Runoff Hydrographs

Buffalo Speedway - Hydrographs - Existing Conditions

Flooding depth grids of the 2-year, 10-year, and 100-year storm events are provided in Exhibits
3, 4, and 5, respectively. Hydraulic grade line plots of the 2-year and 100-year storm events
(generated directly from XPSWMM) are provided in Exhibits 6 and 7, respectively.
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4.2 Proposed Conditions

The existing conditions hydraulic model was modified to include the proposed storm sewer. The
proposed storm sewer sizes range from a single 66-inch RCP at Bissonnet Street to dual 8'x8’
box culverts near the outfall. The proposed conditions model results indicate significant
reductions in street ponding along Buffalo Speedway for the 2-year storm event. There is still
significant ponding in the upper portions of the system, and storm water flows eastward toward
Belmont Street during the 2-year storm event. For the 100-year storm event, street ponding is
significantly reduced in the proposed conditions.

The runoff hydrographs from the storm sewers and 2D flow lines are shown below in Figure 17.
As shown, the proposed combined peak discharge from the system is approximately 390 cfs,
which is an increase of approximately 110 cfs above the existing peak discharge rate at Poor
Farm Ditch outfall. Based on that increase and evaluation of existing and proposed conditions
2-year discharge hydrographs, approximately 9 acre-feet of detention storage would be required
to mitigate impacts for the 2-year storm event. However, due to the fact that Poor Farm Ditch
has sufficient capacity to convey the 2-year storm, it will not be necessary to provide detention
to mitigate potential increases in peak discharge from the Buffalo Speedway system if no
impacts are computed for 10-year and 100-year events.

Figure 17 —Existing Conditions vs. Proposed Conditions 2-Year Runoff Hydrographs

uffalo Speedway - Hydrographs - Existing vs. Proposed
Buffalo Speed Hydrograpt ting vs. P

The 10-year runoff hydrographs for the existing conditions are provided below in Figure 18. As
shown, the combined peak discharge is approximately 400 cfs, which is less than the combined
existing conditions peak discharge to Poor Farm Ditch. XPSWMM results indicate that overland
sheet flow to locations outside of the 2D domain was eliminated for the 10-year storm event,
leaving only the storm sewer and overland route to Poor Farm Ditch. Storage within the streets
and the storm sewer system, including storage provided in the existing sewer pipes left in place,
meters flow out of the system to broaden the hydrograph to reduce the combined peak
discharge rate to Poor Farm Ditch to a value less than the existing conditions combined value
for all discharge routes. Thus, while the 10-year peak discharge to Poor Farm Ditch increases
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from approximately 340 cfs to approximately 400 cfs, the combined peak discharge to Brays
Bayou via all routes is reduced from 450 cfs to 400 cfs, and the HCFCD has indicated that the
channel of Poor Farm Ditch downstream of Bellaire Boulevard has 100-year flow capacity.

Figure 18 - Existing Conditions vs. Proposed Conditions 10-Year Runoff Hydrographs

Buffalo Speedway - Hydrographs - Existing vs. Proposed

The 100-year runoff hydrographs for the existing conditions are provided below in Figure 19.
As shown, the combined peak discharge is approximately 450 cfs, which is very comparable to
the existing conditions combined peak discharge to Poor Farm Ditch. XPSWMM results
indicate that overland sheet flow to locations outside of the 2D domain was eliminated for the
10-year storm event, leaving only the storm sewer and overland route to Poor Farm Ditch.
Storage within the streets and storm sewer system meters flow out the system to broaden the
hydrograph to reduce the peak discharge rates to Poor Farm Ditch.

Figure 19 — Existing Conditions vs. Proposed Conditions 100-Year Runoff Hydrographs

Buffalo Speedway - Hydrographs - Existing vs. Proposed
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These results demonstrate no increase in peak discharge to Poor Farm Ditch, although the
volume of water flowing to the channel is increased due to the elimination of overland flow to
Brays Bayou via alternate routes. Flooding depth grids of the 2-year, 10-year, and 100-year
storm events are provided on Exhibits 8, 9, and 10, respectively. Hydraulic grade line plots of
the 2-year and 100-year storm events are provided on Exhibits 11 and 12, respectively.

4.3 Comparison of Ponding Depths along Buffalo
Speedway

Table 3 below provides a summary of maximum flood depths at street intersections for each
storm frequency based on the results of the XP-SWMM model. During a 2-year storm, street
flooding is expected along Buffalo Speedway between Rice Blvd. and Bissonnet St. and
between University Blvd. and Bellaire Blvd. During a 10-year and 100-year storm event, street
flooding is expected along the entire stretch of Buffalo Speedway between Bissonnet St. and
Bellaire Blvd.

Storm sewer improvements associated with the proposed improvements to Buffalo Speedway
reduce ponding depths along Buffalo Speedway in the southern portions of the project limits.
During a 100-year storm event, the proposed improvements provide a reduction in ponding
depths as much as 1.5 feet along Buffalo Speedway.

Table 4 - Comparison of Ponding Depths along Buffalo Speedway

2-Year 10-Year 100-Year
Location Existing |Proposed | Difference| Existing | Proposed [Difference| Existing | Proposed |Difference
Buffalo Speedway @ Bissonet 1.5 14 -0.1 1.7 1.7 0.0 2.0 2.0 0.0
Buffalo Speedway @ Wroxton 1.3 1.0 0.3 1.7 1.7 0.0 2.2 2.1 -0.1
Buffalo Speedway @ Albans 1.6 1.2 -04 2.0 1.9 0.0 25 24 -0.1
Buffalo Speedway @ Sunset 1.1 0.6 -0.5 1.2 1.2 0.0 1.8 1.7 -0.1
Buffalo Speedway @ Nottingham 0.5 0.2 -0.3 0.8 0.6 -0.2 1.1 1.0 -0.1
Buffalo Speedway @ Quenby 0.2 0.2 0.0 1.1 0.7 0.4 14 1.2 -0.2
Buffalo Speedway @ Robinhood 0.3 0.0 -0.3 0.5 04 -0.1 0.7 0.6 -0.1
Buffalo Speedway @ Tangley 0.8 05 0.3 0.9 0.8 0.1 1.0 0.8 -0.2
Buffalo Speedway @ Plumb 1.0 0.4 -0.5 1.0 0.9 -0.1 1.2 1.2 0.0
Buffalo Speedway @ Lafayette 1.2 1.0 -0.2 1.2 1.1 -0.1 14 1.3 -0.1
Buffalo Speedway @ Georgetown 1.3 0.7 -0.6 14 0.9 -0.5 14 1.3 -0.1
Buffalo Speedway @ Rice 0.5 0.1 -04 0.7 0.4 -0.3 0.9 0.8 -0.1
Buffalo Speedway @ Jarrard 0.0 0.0 0.0 0.6 04 0.2 0.8 0.5 -0.3
Buffalo Speedway @ Amherst 0.0 0.0 0.0 0.0 0.3 0.3 0.6 0.6 -0.1
Buffalo Speedway @ University 0.9 0.8 -0.1 1.0 0.9 0.2 1.2 0.6 -0.5
Buffalo Speedway @ Duke 1.8 0.9 0.9 1.8 1.2 0.7 20 1.2 -0.8
Buffalo Speedway @ Pittshurgh 1.6 0.0 -1.6 1.9 0.6 -1.3 2.2 0.6 -1.6
Buffalo Speedway @ Carnegie 0.8 0.0 -0.8 1.1 0.0 -1.1 1.3 0.0 -1.3
Buffalo Speedway @ Cason 1.3 0.2 -1.1 1.7 0.2 -15 2.1 0.6 -1.5
Buffalo Speedway @ Bellaire 15 05 -1.1 1.8 0.6 -1.2 2.0 0.5 -1.5
hdrinc.com 4828 Loop Central #800, Houston, TX 77081-2220
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5

Pre-Design Activities

Limited pre-design activities have been completed as needed to develop the recommended drainage
improvement plan. Those activities include the following.

Limited field survey was completed by West Belt Surveying, Inc. Information collected was
limited to top of manhole and invert elevations of existing storm sewers, and digital work
products were provided to HDR. Appendix E includes work products prepared by West Belt
Surveying, Inc.

Limited geotechnical testing was completed by Aviles Engineering Corporation was
completed. Work was limited to three (3) borings located at approximately intervals along
Buffalo Speedway within the project segment. Appendix F includes a geotechnical
investigations report prepared by Aviles Engineering Corporation. Exhibit 13 illustrates the
locations of three (3) borings completed along Buffalo Speedway. The geotechnical
investigations revealed a number of concerns, including water at depths of approximately 6
feet 24 hours after drilling, as well as fat clays with Plasticity Index (Pl) values as high as 56.

An estimate of the costs associated with construction of the proposed storm drainage system
was prepared by HDR Engineering, Inc. The estimated total construction cost is $15.2
million. Appendix G includes a copy of the cost estimate with additional calculations and
details. As noted previously in this report, the estimated cost covers the installation of full-
sized, dual box culvert replacements of the existing dual 66-inch storm sewer pipes that
cross the St. Vincent de Paul Catholic Church campus. Depending upon the outcome of
negotiations between the City of West University and the Church, it is possible that a lower-
cost alternative may be implemented, but for purposes of preparing the cost estimate, the full
cost for the full-capacity replacement option was included. Similarly, the cost estimate
includes a proposed 66-inch storm sewer between Bissonnet Street and Wroxton Road that,
as noted previously, will likely not be constructed in the near-term so that flows entering
West University Place from the north are regulated to existing conditions levels. Again, for
purposes of preparing the cost estimate, the full cost for the proposed Buffalo Speedway
drainage infrastructure was included.

Plans from prior roadway rehabilitation and infrastructure repair/upgrade projects were
located and assemble for possible future consultation in the design phase. These plans are
available for use by the City and its design consultants on the Buffalo Speedway project for
purposes of locating utilities, identifying past construction, and evaluating new designs for
space requirements and constructability. Following is a partial list of available construction
documents.

o West U Storm Sewer System (Garrett Engineering - 1942)

o Priority Area 10 Drawings (Claunch & Miller, Inc. - 2001)

o Priority Area 11 Drawings (Claunch & Miller, Inc. - 2001)

o Poor Farm Ditch Outfall Rehabilitation (HDR Engineering, Inc. - 2013)

Other information is available via GIS data. The type of GIS-based information available
may be seen on Exhibit 14, which illustrates water line locations and sizes along Buffalo
Speedway from Bissonnet Street southward to Bellaire Boulevard.
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§) Conclusion

Based on the results of this analysis, the proposed improvements will not cause any adverse
impacts on downstream peak flow rates along Poor Farm Ditch. The following
recommendations are included as a part of the drainage plan associated with the improvements
to Buffalo Speedway.

Construct storm sewers along Buffalo Speedway between Bissonnet Street to the
existing outfall to Poor Farm Ditch ranging in size from one 66-inch RCP to dual 8’ x
8’ RCBs.

Construct the new storm sewers within the “inner” lanes along Buffalo Speedway in
order to minimize impact to existing utilities and to allow the development of traffic
control plans that provide access to driveways along both sides of the road.

Install flow control devices along the proposed storm sewer to maintain existing
conditions velocities within the storm sewer. The flow control devices should allow
for a cross-sectional flow area equivalent to a 48-inch RCP.

Design flow control devices using masonry walls or other means that are properly
design to allow the flow controls to be adjusted or removed in the future without
undue effort. Flow controls may be removed as downstream channel capacity
improves or detention is provided.

Do not construct the proposed single 66-inch RCP between Bissonnet Street and
Wroxton Road in the interim, but include that pipe in the design plans so that it may
be constructed in the future should the need to restrict flows from the north be
eliminated.

Consider alternatives for leaving the existing dual 66” storm sewers in place across
the St. Vincent De Paul Catholic Church property, replacing the existing 66”
storm sewers in kind, or upsizing to dual 8’ x 8’ box culverts to provide future
capacity. Coordinate with the church with regard to any desired changes in the
pipe alignment, and make sure there is a well-defined easement across the
church property.

In the design phase, account for possible shallow groundwater and the presence of
fat clays. Provide for adequate trench safety and traffic safety at all times, in
accordance with all applicable regulatory guidelines.

Based on the results of this analysis, the proposed improvements to Buffalo Speedway presented in
this report will not cause any adverse impacts on downstream peak flow rates or upstream flood
levels for storm events up to and including the 1% annual chance (100-year) storm event.
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Mr. Jeremy Blevins, P.E.
HDR Engineering, Inc.

4828 Loop Central Drive, Suite 800
Houston, Texas 77081

Reference: Geotechnical Investigation
Buffalo Speedway Drainage System Evaluation from Bissonnet to Holcombe
West University Place, Texas
AEC Report No. G177-17

Dear Mr. Blevins,

Aviles Engineering Corporation (AEC) is pleased to present. this report of the results of our geotechnical
investigation for the above referenced project. Projectterms@and conditions were in accordance with the Geotech
Subconsultant Agreement between HDR Engineering, Inc. (HDR) and AEC, dated December 20, 2017. The
project scope of services was performeddn general accordance with AEC Proposal G2017-07-04, dated July 10,
2017.

AEC appreciates the opportunitystorbe of service to you. Please call us if you have any questions or comments
concerning this report or whenn ' we can be of further assistance.

Respectfully submitted,
Aviles Engineering Corporation
(TBPE Firm Registration No. F-42)

Wilber L. Wang, P.E. Jacob Garza, E.I.T.
Senior Engineer Staff Engineer

Reports Submitted: 2 HDR Engineering, Inc.
1 File (electronic)
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GEOTECHNICAL INVESTIGATION

BUFFALO SPEEDWAY DRAINAGE SYSTEM EVALUATION
FROM BISSONNET TO HOLCOMBE
WEST UNIVERSITY PLACE, TEXAS

1.0 INTRODUCTION

1.1 General

Aviles Engineering Corporation (AEC) performed a geotechnical investigation, for the proposed evaluation of
existing 66 inch diameter storm sewers along Buffalo Speedway from Bissonnet Street to Holcombe Boulevard,
in West University Place, Texas (Harris County Key Map No. 532B and F). A vicinity map of the project
alignment is presented on Plate A-1, in Appendix A«

1.2 Project Description and Scope of Work

AEC understands that the Preliminary Enginéering Report (PER) is to evaluate the condition of the existing 66
inch diameter storm sewer located along Buffalo Speedway, at the intersections of Bissonnet Street, University
Boulevard, and W. Holcombe Boulevard. As-built drawings for the intersection of Buffalo Speedway and
Wroxton Road, Amherst Street, and Cason Street were provided to AEC prior to drilling. The as-built drawings

indicate that the existing 66 inch storm sewer is approximately 8 to 10 feet deep at these intersections.

To avoid disrupting traffic on Buffalo Speedway during drilling, AEC performed Borings B-1 through B-3 on
residential cross streets that were in the vicinity of the project intersections, approximately 280 to 460 feet away.
However, at the time of AEC’s field investigation, Boring B-3 was moved to a distance of approximately 550
feet from the intersection of Buffalo Speedway and W. Holcombe Boulevard because of potential utility conflicts
and trees along Cason Street. AEC recommends that the soil and groundwater conditions encountered in the
borings be used for general PER evaluation purposes only. AEC notes that changed soil or groundwater
conditions could potentially be encountered at the specific project intersections because the soil borings are
located on adjacent residential cross streets. AEC recommends that additional borings be performed at or near

the project intersections if the PER recommends that the existing storm sewer be replaced in the future.
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As directed by HDR, the purpose of this geotechnical investigation is to determine the soil and groundwater
conditions encountered in the borings and provide geotechnical engineering recommendations as if new storm

sewers will be installed by open cut method. The scope of this geotechnical investigation is summarized below:

—

Drilling and sampling three geotechnical borings 20 feet below existing grade;

2. Soil laboratory testing on selected soil samples;

3. Engineering analyses and recommendations for the installation of storm sewers by open cut method,
including loadings on pipes, trench excavation, shoring, bedding and backfill;

4. Construction recommendations for the storm sewer.

2.0 SUBSURFACE INVESTIGATION PROGRAM

The subsurface exploration consisted of drilling and sampling a total of three borings each to 20 feet below
existing grade. The boring locations are shown on the Boring Location Plan on Plate A-2, in Appendix A. The
total drilling footage is 60 feet. Boring locations were marked i the field by AEC personnel. Boring survey

data was not available at the time this report was prepared.

Prior to drilling, existing pavement was fifst cut with a core barrel. Borings were performed with a truck-mounted
drill rig and advanced using dry auger method: Undisturbed samples of cohesive soils were obtained from the
borings by pushing 3-inch diameterthin-wall, seamless steel Shelby tube samplers in general accordance with
ASTM D-1587. Granular soils were sampled with a 2-inch split-barrel sampler in accordance with ASTM D-
1586. Standard Penetration Test resistance (N) values were recorded for the granular soils as “Blows per Foot”
and are shown on the boring logs. Strength of the cohesive soils was estimated in the field using a hand
penetrometer. The undisturbed samples of cohesive soils were extruded mechanically from the core barrels in
the field and wrapped in aluminum foil; all samples were sealed in plastic bags to reduce moisture loss.
Reasonable care was taken to minimize disturbance to the samples during transport to AEC’s laboratory. After
completion of drilling, the borings were left open so that 24 hour groundwater readings could be obtained. After
the final water readings were obtained, the borings were backfilled using bentonite chips. Existing pavement

was then patched using non-shrink grout.

3.0 LABORATORY TESTING PROGRAM

Samples from the borings were examined and classified in the laboratory by a geotechnical technician under

supervision of a geotechnical engineer. Laboratory tests were performed on selected soil samples to evaluate
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the engineering properties of the foundation soils in accordance with applicable ASTM/TxDOT Standards. Soil
classification and index property tests included Atterberg limits, moisture content, percent passing No. 200 sieve,
sieve analysis, and dry unit weight. Torvane (TV), unconfined compression (UC), and unconsolidated-
unconfined (UU) triaxial tests were performed on selected undisturbed samples to estimate the shear strength of
cohesive soils. The laboratory test results are summarized on their respective boring logs. The key to symbols,
classification of soils for engineering purposes, terms used on boring logs, and ASTM/TxDOT designation for
soil laboratory testing are presented on Plates A-6 through A-9, respectively, in Appendix A. The sieve analysis

result is presented on Plate A-10, in Appendix A.

4.0 SITE CONDITIONS

A summary of existing pavement encountered the borings is presefited in Table 1.

Table 1. Pavement.Cores

B‘g;ng Street Pavement Section
B-1 Wroxton Road 7.25” concrete, 5.125” cement stabilized crushed shell
B-2 Ambherst Street 6.25” concrete, 77 cement stabilized crushed stone
B-3 Cason Street 6:625” concrete, 7.375” cement stabilized crushed shell
4.1 Subsurface Conditions

Details of the soils encountered during drilling are presented in the boring logs. Soil strata encountered in our

borings are summarized below.

Boring Depth (ft) Description of Stratum
B-1 0-1 Pavement and Base: see Table 1 in Section 4.0 of this report
1-8 Firm to very stiff, Lean Clay with Sand (CL)
8-16 Stiff to very stiff, Sandy Lean Clay (CL)
16 - 20 Medium dense, Silty Sand (SM), with clayey sand pockets
B-2 0-1.1 Pavement and Base: see Table 1 in Section 4.0 of this report
1.1-2 Fill: stiff, Sandy Lean Clay (CL), with gravel and silty sand seams
2-12 Stiff to very stiff, Sandy Fat Clay (CH), with ferrous nodules and sandy lean clay
pockets
12-17 Medium dense, Poorly Graded Sand (SP)
17-20 Very stiff, Fat Clay (CH), with chalk pockets and siltstones

3
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Boring Depth (ft) Description of Stratum
B-3 0-1.2 Pavement and Base: see Table 1 in Section 4.0 of this report
1.2-17 Stiff to very stiff, Fat Clay (CH), with slickensides
17 -20 Very stiff, Sandy Lean Clay (CL), with vertical silt partings, ferrous nodules, and

calcareous nodules

Details of the soils encountered during drilling are presented on the boring logs. The cohesive soils encountered
in our borings have Liquid Limits (LL) ranging from 37 to 74 and Plasticity Indices (PI) ranging from 21 to 56.
In general, the cohesive soils encountered in the borings have high to very high expansive potential. The
cohesive soils encountered at the site are classified as “CL” and “CH” type soils and granular soils are classified
as “SM” and “SP” type soils in accordance with ASTM D 2487. “€Hsoils can undergo significant volume
changes due to seasonal changes in moisture contents. “CL” soils'with lower LI (less than 40) and PI (less than
20) generally do not undergo significant volume changes with changes in moisture content. However, “CL”
soils with LL approaching 50 and PI greater than 20 essentially behave as “CH” soils and could undergo

significant volume changes.

Groundwater Conditions: Groundwater levels and boring cave-in depths encountered during drilling are

presented in Table 2. Based on Table 2 groundwater along the project alignment is likely to be pressurized.

Table 2. Water Levels in Borings

Boring/PZ /¢ Date Boring Groundwater Boring Cave in
No. Drilled | Depth (ft) Depth (ft) Depth (ft)
16 (Drilling)
B-1 02/08/18 20 9 (Completion) 5.6 (02/09/18)

5 (02/09/18)
12 (Drilling)

B-2 02/08/18 20 10 (Completion) 6.4 (02/09/18)
6 (02/09/18)
17 (Drilling)
B-3 02/08/18 20 15 (Completion) 8.5 (02/09/18)
6.5 (02/09/18)

The information in this report summarizes conditions found on the dates the borings were drilled. It should be
noted that our groundwater observations are short-term; groundwater depths and subsurface soil moisture
contents will vary with environmental variations such as frequency and magnitude of rainfall, the time of year

when construction is in progress, and the water level in nearby bodies of water such as channels or ponds.
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4.2 Subsurface Variations

The information contained in this report summarizes the conditions encountered on the dates the borings were
drilled. The ground water depths and subsurface soil moisture contents will vary with seasonal and
environmental variations, frequency, and magnitude of rainfall and the time of year when construction is in

progress.

Clay soils in the Greater Houston area typically have secondary features such as slickensides and contain
sand/silt seams/lenses/layers/pockets. It should be noted that the information in the boring logs is based on 3-
inch diameter soil samples which were generally continuously obtained at intetvals of 2 feet in the top 10 feet
of the borings and then at intervals of 5 feet thereafter to thedoring termination depths. A detailed description
of the soil secondary features may not have been obtained dueitofthe small sample size and sampling interval
between the samples. Therefore, while some of AEC’s,logs show the soil secondary features, it should not be
assumed that the features are absent where not indicated on thellogs. Fill soils could also vary considerably in

regards to soil/material type, thickness, depth; and consistency.

5.0 GEOTECHNICAL ENGINEERING RECOMMENDATIONS

5.1 Storm Sewer
Storm sewers installed by open-cutmethods should be designed and installed in accordance with Item 430 of
the 2016 Harris County Engineering Department (HCED) Standard Engineering Design Specifications for

Construction and Maintenance of Roads and Bridges (SEDS), or equivalent local standard.

5.1.1 Geotechnical Parameters for Storm Sewers

Geotechnical Parameters: Recommended geotechnical parameters for the subsurface soils along the alignment

to be used for design of the storm sewers are presented on Plate B-1, in Appendix B. The design values are
based on the results of field and laboratory test data on individual boring logs as well as our experience. It
should be noted that because of the variable nature of soil stratigraphy, soil types and properties along the

alignment or at locations away from a particular boring may vary substantially.
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5.1.2 Loadings on Pipes

Underground conduits support the weight of the soil and water above the crown, as well as roadway traffic and

any structures that exist above the conduits.

Earth Loads: For underground conduits to be installed using the trench method, the vertical soil load W. can be

calculated as the larger of the two values from Equations (1) and (3):

W. = CqyBS L Equation (1)
Cq = [l-e®W@EBIYOQKW) ALl Equatien (2)
We = yBH L L Equation (3)
where: W, = trench fill load, in pounds per linear foot (Ib/ft);
Cs = trench load coefficient, see Plate B-2, in.Appendix B;
y = effective unit weight of soil overthe conduit, in-pounds per cubic foot (pcf);
Bs = trench width at top of therconduit < 1.5 B (ft);
B:. = outside diameter of the conduit (ft);

H = variable height offill (ft);
when the height of fill above the top’of the conduit He >2 By, H = Hj, (height of fill above
the middle of the conduit). When H. <2 Bq, H varies over the height of the conduit; and
Ky = 0.1650 maximum for sand'and gravel,
0.1500 maximum for saturated top soil,
0.1300 maximum for ordinary clay,
0.1100 maximum for saturated clay.

When underground conduits are located below ground water, the total vertical dead loads should include the

weight of the projected volume of water above the conduits.

Traffic Loads: The vertical stress pr. (psf) resulting from traffic loads (from a HS-20 truck) can be obtained from
Plate B-3, in Appendix B. The live load on the top of the underground conduit can be calculated from Equation

(4):

W= pB. Equation (4)

where:  Wp = live load on the top of the conduit (1b/ft);
p. = vertical stress (on the top of the conduit) resulting from traffic loads (psf);
B. = outside diameter of the conduit, (ft);

6
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Lateral Loads: The lateral soil pressure p; can be calculated from Equation (5); hydrostatic pressure should be

added, if applicable.

p = 05@Hn+py)y L Equation (5)

where:  Hj height of fill above the center of the conduit (ft);
y = effective unit weight of soil over the conduit (pcf);
ps vertical pressure on conduit resulting from traffic and/or construction equipment (psf).

5.1.3  Trench Stability

Cohesive soils in the Greater Houston area contain many secondary features which affect trench stability,
including sand seams, slickensides, and siltstones. Slickensides' are shiny weak failure planes which are
commonly present in fat clays; such clays often fail along these weak planes when they are not laterally
supported, such as in an open excavation. The Contractorsshould not assume that slickensides and sand

seams/layers/pockets are absent where not indicated on the logs.

The Contractor should be responsible for désigning;reonstructing and maintaining safe excavations. The

excavations should not cause any'distress to existing structures.

Trenches 20 feet and Deeper: The Occupational Safety and Health Administration (OSHA) requires that shoring

or bracing for trenches 20 feet and deeper be specifically designed by a licensed professional engineer.

Trenches Less than 20 Feet Deep: Trench excavations that are less than 20 feet deep may be shored, sheeted and

braced, or laid back to a stable slope for the safety of workers, the general public, and adjacent structures, except
for excavations which are less than 5 feet deep and verified by a competent person to have no cave-in potential.
The excavation and trenching should be in accordance with OSHA Safety and Health Regulations, 29 CFR, Part
1926. Recommended OSHA Soil Types for trench design for existing soils can be found on Plate B-1, in
Appendix B. Granular soils and fill soils should be considered OSHA Class “C” soils. Submerged soils should
also be considered OSHA Class “C” soils, unless dewatering is conducted to lower the ground water level below

the excavation.
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Critical Height is defined as the height a slope will stand unsupported for a short time; in cohesive soils, it is
used to estimate the maximum depth of open-cuts at given side slopes. Critical Height may be calculated based
on the soil cohesion. Values for various slopes and cohesion are shown on Plate C-1, in Appendix C. Cautions

listed below should be exercised in use of Critical Height applications:

1. No more than 50 percent of the Critical Height computed should be used for vertical slopes.
Unsupported vertical slopes are not recommended where granular soils or soils that will slough when
not laterally supported are encountered within the excavation depth.

2. If the soil at the surface is dry to the point where tension cracks occur, any water in the crack will
increase the lateral pressure considerably. In addition, if tehsion eracks occur, no cohesion should be
assumed for the soils within the depth of the crack. Theddepth of the first waler should not exceed the
depth of the potential tension crack. Struts should bednstalled before lateral displacement occurs.

3. Shoring should be provided for excavations where limited space precludes adequate side slopes, e.g.,
where granular soils will not stand on stable slopes and/oer for deep open cuts.

4. All excavation, trenching and shoring should be designed.and constructed by qualified professionals in
accordance with OSHA requirements.

Plate C-2, in Appendix C presentsdthe maximum (steepest) allowable slopes for OSHA Soil Types for

excavations less than 20 feet.
If limited space is available for the required open trench side slopes, the space required for the slope can be
reduced by using a combination of bracifig and open cut as illustrated on Plate C-3, in Appendix C. Guidelines

for bracing and calculating bracing stress are presented below.

Stockpile and Equipment Surcharge: To avoid surcharging the excavation walls, stockpile of excavated

materials immediately adjacent to the excavation face should be prohibited. We recommend stockpiled
materials be placed at least 6 feet away from the edge of an excavation face, and no higher than 3 feet.
Construction equipment working near the trench may also induce excessive surcharge loads; AEC
recommends appropriate shoring or shield system be provided considering these impacts in addition to

the lateral earth and hydrostatic pressures.

Computation of Bracing Pressures: The following method can be used for calculating earth pressure against

bracing for open cuts. Lateral pressure resulting from construction equipment, traffic loads, or other surcharge

8
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should be taken into account by adding the equivalent uniformly distributed surcharge to the design lateral
pressure. Hydrostatic pressure, if any, should also be considered. The active earth pressure at depth z can be

determined by Equation (6), the design soil parameters are presented on Plate B-1, in Appendix B.

p, =(q, +y +y'h)Ka— 20\/K_a +y.h Equation (6)
where: p. = active earth pressure (psf);

qs = uniform surcharge pressure (psf);

Y,y =  wet unit weight and buoyant unit weight of soil (pcf);

h;y = depth from ground surface to ground water table (ft);

h, = z-h;, depth from ground water table to the point under consideration (ft);

z = depth below ground surface for the pointunder consideration (ft);

K. = coefficient of active earth pressure;

¢ = cohesion of clayey soils (psf);

Yw = unit weight of water, 62.4 pcf.

Pressure distribution for the practical design of struts'in open cuts for clays and sands are illustrated on Plates

C-4 through C-6, in Appendix C.

Bottom Stability: In open-cuts, it.is.necessary to consider the possibility of the bottom failing by heaving, due

to the removal of the weight.of excavated soil. ‘Heaving typically occurs in soft plastic clays when the excavation
depth is sufficiently deep enough to cause the surrounding soil to displace vertically due to bearing capacity
failure of the soil beneath the excavation bottom, with a corresponding upward movement of the soils in the
bottom of the excavation. In fat andlean clays, heave normally does not occur unless the ratio of Critical Height
to Depth of Cut approaches one. In very sandy and silty lean clays and granular soils, heave can occur if an
artificially large head of water is created due to installation of impervious sheeting while bracing the cut. This
can be mitigated if ground water is lowered below the excavation by dewatering the area. Guidelines for

evaluating bottom stability in clay soils are presented on Plate C-7, in Appendix C.

If the excavation extends below ground water, and the soils at or near the bottom of the excavation are mainly
sands or silts, the bottom can fail by blow-out (boiling) when a sufficient hydraulic head exists. The potential
for boiling or in-flow of granular soils increases where the ground water is pressurized. To reduce the potential
for boiling of excavations terminating in granular soils below pressurized ground water, the ground water table

should be lowered at least 3 feet below the excavation.
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Calcareous nodules and silt partings were encountered within the cohesive soil strata in the borings. These
secondary structures may become sources of localized instability when they are exposed during excavation,
especially when they become saturated. Such soils have a tendency to slough or cave in when not laterally

confined, such as in trench excavations. The Contractor should be aware of the potential for cave-in of the soils.

Low plasticity soils (silts and clayey silts) will lose strength and may behave like granular soils when saturated.

5.1.4 Bedding and Backfill

Trench excavation, bedding, and backfill for storm sewers should befin aceordance with Item 430 of the 2016

HCED SEDS, or equivalent local standard.

6.0 CONSTRUCTION CONSIDERATIONS

6.1 Site Preparation and Grading

To mitigate site problems that may develop fellowing prolonged periods of rainfall, it is essential to have
adequate drainage to maintain a relatively dry@and firm.surface prior to starting any work at the site. Adequate
drainage should be maintained threughout the construction period. Methods for controlling surface runoff and
ponding include proper sitegrading, berm construction around exposed areas, and installation of sump pits with

pumps.

6.2 Dewatering

The need for groundwater control will depend on the depth of excavation relative to the groundwater depth at
the time of construction. In the event that there is heavy rain prior to or during construction, the groundwater
table may be higher than indicated in this report; higher seepage is also likely and may require a more extensive
groundwater control program. In addition, groundwater may be pressurized in certain areas of the alignment,
requiring further evaluation and consideration of the excess hydrostatic pressures. Groundwater control should

be in general accordance with Item 436 of the 2016 HCED SEDS, or equivalent local standard.

The Contractor should be responsible for selecting, designing, constructing, maintaining, and monitoring a
groundwater control system and adapt his operations to ensure the stability of the excavations. Groundwater

information presented in Section 4.1 and elsewhere in this report, along with consideration for potential
10
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environmental and site variation between the time of our field exploration and construction, should be
incorporated in evaluating groundwater depths. The following recommendations are intended to guide the

Contractor during design and construction of the dewatering system.

In cohesive soils seepage rates are lower than in granular soils and groundwater is usually collected in sumps
and channeled by gravity flow to storm sewers. If cohesive soils contain significant secondary features, seepage
rates will be higher. This may require larger sumps and drainage channels, or if significant granular layers are
interbedded within the cohesive soils, methods used for granular soils may be required. Where it is present,

pressurized groundwater will also yield higher seepage rates.

Groundwater for excavations within saturated sands can befcontrolled by the installation of wellpoints. The
practical maximum dewatering depth for well points is about'15,feet. When groundwater control is required in
sands or silts below 15 feet, possible ground water' control measures include: (i) deep wells with turbine or
submersible pumps (for sands); (ii) multi-staged well points (for'sands); (iii) eductor or ejector type systems (for
silts); or (iv) water-tight sheet pile cut-off walls: Generally, the groundwater depth should be lowered at least 3
feet below the excavation bottom to be able to,work on a firm surface when water-bearing granular soils are

encountered.

Extended and/or excessive dewatering ‘can result in settlement of existing structures in the vicinity of the
dewatering; the Contractor should take the necessary precautions to minimize the effect on existing structures
in the vicinity of the dewatering operation. We recommend that the Contractor verify the groundwater depths
and seepage rates prior to and during construction and retain the services of a dewatering expert (if necessary)
to assist him in identifying, implementing, and monitoring the most suitable and cost-effective method of

controlling groundwater.

For open cut construction in cohesive soils, the possibility of bottom heave must be considered due to the
removal of the weight of excavated soil. In lean and fat clays, heave normally does not occur unless the ratio of
Critical Height to Depth of Cut approaches one. In silty clays, heave does not typically occur unless an
artificially large head of water is created through the use of impervious sheeting in bracing the cut. Guidelines

for evaluating bottom stability are presented in Section 5.1.3 of this report.

11



ENGINEERING CORP.

6.3 Construction Monitoring

Site preparation (including clearing and proof rolling), earthwork operations, soil stabilization, and foundation
construction should be monitored by qualified geotechnical professionals to check for compliance with project
documents and changed conditions, if encountered. AEC should be allowed to review the design and
construction plans and specifications prior to release to check that the geotechnical recommendations and design

criteria presented herein are properly interpreted.

7.0 LIMITATIONS

The information contained in this report summarizes conditions found en the datesthe borings were drilled. The
attached boring logs are true representations of the soils encounteréd at the specific boring locations on the date
of drilling. Reasonable variations from the subsurfacé€information presented in this report should be anticipated.
AEC should be notified immediately if conditions encounterediduring construction are significantly different

from those presented in this report.

This investigation was performed using the standard level'of care and diligence normally practiced by recognized
geotechnical engineering firmsin thisrarea, presently performing similar services under similar circumstances.
This report is intended to.be used in its entirety. The report has been prepared exclusively for the project and
location described in this report. If pertinent project details change or otherwise differ from those described
herein, AEC should be notified immediately and retained to evaluate the effect of the changes on the
recommendations presented in this report, and revise the recommendations if necessary. The recommendations
presented in this report should not be used for other structures located along these alignments or similar

structures located elsewhere, without additional evaluation and/or investigation.
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SI=

PROJECT: Buffalo Speedway Drainage System PER ENGINEERING CORP. BORING B-1
GEOTECHNICAL ENGINEERS _—
DATE 02/08/18 TYPE 4" Auger LOCATION See Boring Location Plan
® SHEAR STRENGTH, TSF
DESCRIPTION =
g ElES X
E E & § ;5 A Confined Compression = 2
L = % W é ® Unconfined Compression T % = -
| oM [ 2| @ | O PocketPenetrometer B12lefe
= o (T = b o =135 ala
i I = o | 5| z | O Torane s13]2]<
] »n |v (%) = o 0.5 1 15 2 R e I N
0 Pavement: 7.25" concrete
Base: 5.125" cement stabilized crushed shell 24 Q
Firm to very stiff, gray and tan Lean Clay with L
Sand (CL) 20 |106.4 n®
-with fat clay 1'-2' and ferrous nodules 1'-8'
-with silty clay partings 2'-4' and calcareous - a 70 | 48] 15
[ 5 ] nodules 2'-8' F 17
-boring cave-in at 5.6' on 02/09/18
-with fat clay pockets and seams 6'-8' 22 !
Stiff to very stiff, gray and tan Sandy Lean
Clay (CL) 21 1109.0 '{/\
- 10 A -groundwater measured at 9' after completion
of drilling
-light gray and tan 13'-15' 37| 16
16
Medium dense, light gray Silty Sand (SM),
with clayey sand pockets
17 | 27 18

Termination Depth = 20 feet

L 25

L 30 -

ORING DRILLED TO 20 FEET WITHOUT DRILLING FLU
WATER ENCOUNTERED AT 16 FEET WHILE DRILLING =%
WATERLEVELAT 5 FEETAFTER 02/09118 ¥

DRILLED BY JH DRAFTED BY JG LOGGED BY JH

PROJECT NO. G177-17 PLATE A-3
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PROJECT: Buffalo Speedway Drainage System PER ENGINEERING CORP. BORING B-2
GEOTECHNICAL ENGINEERS _—
DATE 02/08/18 TYPE 4" Auger LOCATION See Boring Location Plan
® SHEAR STRENGTH, TSF
DESCRIPTION =
y N <
g ™ = O w
= E = z o A Confi C . a
w o 2 | 8 o onfined Compression ez
L = % W é ® Unconfined Compression |3 = -
| oM | 2| & | O PocketPenetrometer B12lefe
S 2k “l2]; =32|9
o s |z |l o| Z | O Torvane Sslals|s
] »n |v (%) = o 0.5 1 15 2 R e I N
0 Pavement: 6.25" concrete
Base: 7" cement stabilized crushed stone 25 )
7 Fill: stiff, gray and dark gray Sandy Lean Clay 63 |50 16
(CL), with gravel and silty sand seams 19 ;@)

Stiff to very stiff, gray and tan Sandy Fat Clay

| 1 (CH), with ferrous nodules and sandy lean
5 clay pockets 19 [110.3 »

- 20

-with calcareous nodules 2'-6' s 2
-boring cave-in at 6.4' on 02/09/18 21
20 [ hC
10 ] -groundwater measured at 10" after
completion of drilling
Medium dense, tan Poorly Graded Sand (SP)[
16 | 22 4
L 15
Very stiff, tan and light gray Fat Clay (CH),
/ | | with chalk pockets and siltstones
/ 31 |17 ® 9
/

Termination Depth = 20 feet

L 25

L 30 -

ORING DRILLED TO 20 FEET WITHOUT DRILLING FLU
WATER ENCOUNTERED AT 12 FEET WHILE DRILLING =%
WATERLEVELAT 6 FEETAFTER 02/09118 ¥

DRILLED BY JH DRAFTED BY JG LOGGED BY JH

PROJECT NO. G177-17 PLATE A-4
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PROJECT: Buffalo Speedway Drainage System PER ENGINEERING CORP. BORING B-3
GEOTECHNICAL ENGINEERS _—
DATE 02/08/18 TYPE 4" Auger LOCATION See Boring Location Plan
® SHEAR STRENGTH, TSF
DESCRIPTION =
2 Fl e i
E E 3 § ;5 A Confined Compression = 2
L = % W é ® Unconfined Compression T % = -
| oM [ 2| @ | O PocketPenetrometer B12lefe
= o (T = b E =135 ala
i I = o | 5| z | O Torane s13]2]<
] »n |v (%) = o 0.5 1 15 2 R e I N
0 Pavement: 6.625" concrete
Base: 7.375" cement stabilized crushed shell 25 C
Stiff to very stiff, dark gray and olive gray Fat 74 | 18
Clay (CH), with slickensides 25 J
-with lean clay pockets 1'-2' and ferrous
nodules 1'-6'
5 -dark gray and tan 2'-4' 26 1991 X
-gray and tan, with calcareous nodules 4'-10'
-with lean clay pockets 6'-8' ¥ 28 2
-boring cave-in at 8.5' on 02/09/18 86 | 68| 19
29 ofH
- 10 .
-reddish tan and light gray 13'-15' |
30 | 94.6 7N W
1] -groundwater measured at 15' after
/ completion of drilling
V.,
Very stiff, tan and gray Sandy Lean Clay
(CL), with vertical silt partings, ferrous A
nodules, and calcareous nodules 16 O

Termination Depth = 20 feet

L 25

L 30 -

ORING DRILLED TO 20 FEET WITHOUT DRILLING FLU
WATER ENCOUNTERED AT 17 FEET WHILE DRILLING =
WATER LEVEL AT 6.5 FEET AFTER _ 02/09/18 ¥
DRILLED BY JH DRAFTED BY JG LOGGED BY JH

PROJECT NO. G177-17 PLATE A-5




KEY TO SYMBOLS

Symbol Description

Strata symbols

. Paving

Low plasticity
clay
Silty sand
Fill
/ High plasticity
/ clay

Misc. Symbols

< Water table depth
during drilling

= Subsequent water
table depth
O Pocket Penetrometer
® Unconfined Compression
] Torvane
A Confined Compression

Soil Samplers

DD Rock core

. Undisturbed thin wall
Shelby tube

Eﬂ Standard penetration test

PLATE A-6




—I CLASSIFICATION OF SOILS FOR ENGINEERING PURPOSES

ENGINEERING CORP. ASTM Designation D-2487

GROUP
MAJOR DIVISIONS SYMBOL TYPICAL NAMES

Well-graded gravel,

)
g 3 CLEAN GRAVELS Gw well-graded gravel with sand
S g (Less than 5% passes
= 05 G No. 200 sieve) GP Poorly-graded gravel,
o g ° % poorly-graded gravel with sand
2 Qo
9 g é “2 @ Limits plot below "A" line & GM Silty gravel,
o 02 8 GRAVELS WITH FINES hatched zone on plasticity chart silty gravel with sand
€D 5 w5 (More than 12% passes
8 % é 3 No. 200 sieve) Limits plot above "A" line & Ge Clayey gravel,
<Z( o = g hatched zone on plasticity chart clayey gravel with sand
n
% g § Sw Well-graded sand,
|€|,J'J § % o CLEAN SANDS well-graded sand with gravel
EE c § : (Less than 5% passes No. 200 sieve) <P Poorly-graded sand,
8 ﬁ é ; % poorly-graded sand with gravel
%) c 2
g % = Limits plot below "A" line & SM Silty sand,
= 58 SANDS WITH FINES hatched zone on plasticity chart silty sand with gravel
X5 (More than 12% passes
Q= No. 200 sieve) Limits plot above "A" line & e Clayey sand,
= g hatched zone on plasticity chart clayey sand with gravel
ML Silt, silt with sand, silt with gravel, sandy silt,
1-2\ gravelly silt
3 SILTS AND CLAYS oL Lean clay, lean clay with sand, lean clay with
3 § (Liquid Limit Less Than 50%) gravel, sandy lean clay, gravelly lean clay
o
g § oL Organic clay, organic clay with sand, sandy
% b4 organic clay, organic silt, sandy organic silt
[0}
é é MH Elast_ic s_ilt, elastic silt wit_h s_and, sandy
0o elastic silt, gravelly elastic silt
w o
% E SILTS AND CLAYS CH Fat clay, fat clay with sand, fat clay with
g (Liquid Limit 50% or More) gravel, sandy fat clay, gravelly fat clay
\8_, OH Organic clay, organic clay with sand, sandy

organic clay, organic silt, sandy organic silt

NOTE: Coarse soils between 5% and 12% passing the No. 200 sieve and fine-grained soils with limits plotting in the hatched zone
of the plasticity chart are to have dual symbols.

PLASTICITY CHART DEGREE OF PLASTICITY OF COHESIVE SOILS

3 : Degree of Plasticity Plasticity Index
=~ o o / '\(\e. ,\,‘\QV NONE ..o, 0-4
L w© S \"( x ¥ Ve 2 ST 5-10
N o S O MEiUM .o, 11-20
A < 0‘ .
Z 0% High ... .
i = Very High........cooooi >40
O o [gCL-ML o L1 woron
'_
o \ o SOIL SYMBOLS
<
= o
D_ -

A > ML (?r oL §§ Fill
= e
0 10 20 30 40 50 60 70 80 90 100 110 - sand

LIQUID LIMIT (LL) ? Clay (CH)
/]

Equation of A-Line: Horizontal at Pl=4 to LL=25.5, then PI=0.73(LL-20)
Equation of U-Line: Vertical at LL=16 to PI=7, then PI=0.9(LL-8) Clay (CL)

Silt

PLATE A-7



ENGINEERING CORP.

TERMS USED ON BORING LOGS

None
Low
Medium
High

SOIL GRAIN SIZE

U.S. STANDARD SIEVE

6" 3" 3/4" #4 #10 #40 #200
GRAVEL SAND
BOULDERS | COBBLES SILT CLAY
COARSE FINE COARSE MEDIUM FINE
152 76.2 19.1 4.76 2.00 0.420 0.074 0.002

SOIL GRAIN SIZE IN MILLIMETERS

STRENGTH OF COHESIVE SOILS RELATIVE DENSITY OF COHESIONLESS

Undrained
Consistency Shear Strength, SPT Blowcount
Kips per Sq. ft. Very Loose
Loose .......cceeeuen.
Very Soft ......ccocoeen.n. less than 0.25 < 2 bpf Medium Dense
Soft 0.25t0 0.50 2-4 bpf Dense ...
Firm 0.50 to 1.00 4-8 bpf Very Dense
SHff o 1.00 to 2.00 8-16 bpf
Very Stiff ..o 2.00to 4.00 16-32 bpf
Hard ... greater than 4.00 >32 bpf
SPLIT-BARREL SAMPLER DRIVING RECORD
Blows per Foot Description
25 25 blows driving sampler 12 inches, after initial 6 inches of seating.
50 blows driving sampler 7 inches, after initial 6 inches of seating.
50 blows driving sampler 3 inches, during initial 6-inches seating interval.
NOTE: To avoid change to sampling tools, driving is limited to 50 blows during or after seating interval.
DRY STRENGTH  ASTM D2488 MOISTURE CONDITION

Dry specimen crumbles into powder with mere pressure of handling

Dry specimen crumbles into powder with some finger pressure

Dry specimen breaks into pieces or crumbles with considerable pressure
Dry specimen cannot be broken with finger pressure, it can be

broken between thumb and hard surface

Moist Damp but no visible water
Wet Visible free water

Very High Dry specimen cannot be broken between thumb and hard surface

SOIL STRUCTURE

Slickensided  Having planes of weakness that appear slick and glossy. The degree of slickensidedness depends upon
the spacing of slickensides and the easiness of breaking along these planes.

Fissured Containing shrinkage or relief cracks, often filled with fine sand or silt; usually more or less vertical.

Pocket Inclusion of material of different texture that is smaller than the diameter of the sample.

Parting Inclusion less than 1/8 inch thick extending through the sample.

Seam Inclusion 1/8 inch to 3 inches thick extending through the sample.

Layer Inclusion greater than 3 inches thick extending through the sample.

Laminated Soil sample composed of alternating partings or seams of different soil types.

Interlayered Soil sample composed of alternating layers of different soil types.

Intermixed Soil sample composed of pockets of different soil types and layered or laminated structure is not evident.

Calcareous Having appreciable quantities of calcium material.

SOILS FROM STANDARD PENETRATION TEST

ASTM D2488

Dry  Absence of moisture, dusty, dry to the touch

PLATE A-8
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ASTM & TXDOT DESIGNATION FOR SOIL LABORATORY TESTS

ASTM TEST TXDOT TEST
SOIL TEST DESIGNATION DESIGNATION

Unified Soil Classification System D 2487 Tex-142-E
Moisture Content D 2216 Tex-103-E
Specific Gravity D 854 Tex-108-E
Sieve Analysis D 6913 T‘(*;: ; ?;E
Hydrometer Analysis D 7928 TZ;‘: r: %E
Minus No. 200 Sieve D 1140 Tex-111-E
Liquid Limit D 4318 Tex-104-E
Plastic Limit D 4318 Tex-105-E
Standard Proctor Compaction D 698 Tex-114-E
Modified Proctor Compaction D 1557 Tex-113-E
California Bearing Ratio D 1883 -
Swell D 4546 -
Consolidation D 2435 -
Unconfined Compression D 2166 -
Unconsolidated-Undrained Triaxial D 2850 Tex-118-E
Consolidated-Undrained Triaxial D 4767 Tex-131-E
Permeability (constant head) D 5084 -
Pinhole D 4647 -
Crumb D 6572 -
Double Hydrometer D 4221 -
pH of Soil D 4972 Tex-128-E
Soil Suction D 5298 -
Soil Sulfate C 1580 Tex-145-E
Organics D 2974 Tex-148-E

PLATE A-9



AVILES ENGINEERING CORPORATION

Consulting Engineers - Geotechnical, Construction Materials Testing, Environmental

GRAIN SIZE ANALYSIS - SIEVE

Project : Buffalo Speedway Drainage System PER Job No.: G177-17
Location of Project: West University Place, Texas Date of Testing: 2/19/2018
Sand
Gravel Coarse Fine Silt Clay
to Medium
Grain Size Analysis
3" 3/4" 3/8" #4 #40  #80 #200
100 : f t—-\
90 \
80
70
9
o 60
|
£ 50
S0
g
g 40
[>]
)
~
30
20
10
O i
100 10 1 0.1 0.01 0.001 0.0001
Diameter (mm)
== Curve 1
Curve Boring Depth (ft) Soil Description Cu Cc
1 B-2 13-15 Poorly Graded Sand (SP) 1.59 1.10

PLATE A-10



APPENDIX B

APPENDIX B
Plate B-1 Recommended Geotechnical Design Parameters for Underground Utilities
Plate B-2 Load Coefficients for Pipe Loading

Plate B-3 Live Loads on Pipe Crossing Under Roadway
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Reference: US Army Corps of Engineers Engineering Manual, EM 1110-2-2902, Oct. 31, 1997, Figure 2-5.
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ENGINEERING CORP.

2000

DEPTH TO TOP OF PIPE, feet

20

LIVE LOADS ON PIPE CROSSING UNDER ROADWAY

Note: 1. The vertical stress was estimated using AASHTO HS20 truck axle loadings on

Precast Concrete Pipe Using Standandard Installations™).
2. Single truck passing.

paved surfaces (Reference: ASCE 15-98, "Standard Practice for Direct Design of Buried

PLATE B-3



APPENDIX C

APPENDIX C

Plate C-1 Critical Heights of Cut Slopes in Nonfissured Clays

Plate C-2 Maximum Allowable Slopes

Plate C-3 A Combination of Bracing and Open Cuts

Plate C-4 Lateral Pressure Diagrams for Open Cuts in Cohesive Soil-Long Term Conditions
Plate C-5 Lateral Pressure Diagrams for Open Cuts in Cohesive Soil-Short Term Conditions
Plate C-6 Lateral Pressure Diagrams for Open Cuts in Sand

Plate C-7 Bottom Stability for Braced Excavation in Clay



ENGINEERING CORP.
Critical Heights of Cut Slopes in Nonfissured Clays
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Note: The charts are calculated based on NAVFAC DM7.1, Page 7.1-319,
assuming the critical circles are toe circles, and wet unit weight of soils = 125pcf.

PLATE C-1



ENGINEERING CORP.
MAXIMUM ALLOWABLE SLOPES
< m o
2 [f 5

& F , €

> A 12" MAX .

H 6] 7.

=

A

M=

& o N/A

SR

© 0

m =

o o N/A

Z

SHORT TERM LONG TERM
NOTES:
(1) For Type A soils, a short term maximum allowable slope of 0.5 (H) : 1 (V) is allowed
in excavations that are 12 feet or less in depth; short term (24 hours or less) maximum
allowable slopes for excavations greater than 12 feet in depth shall be 0.75 (H) : 1 (V).
(2) Maximum depth for above slopes is 20 feet. For slopes deeper than 20 feet, trench
protection should be designed by the Contractor's professional engineer.
Reference: OSHA, Safety and Health Regulations for Construction, 1926 Subpart P.
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ENGINEERING CORP.

A COMBINATION OF BRACING AND OPEN CUTS

TYPE "B” SOIL

SUPPORT OR

SHIELD SYSTEM
20° MAX. :| A 18" MIN.

TOTAL HEIGHT OF VERTICAL SIDE

TYPE "C” SOIL

SUPPORT OR

SHIELD SYSTEM
20" MAX. :| N M

18" MIN.

?

TOTAL HEIGHT OF VERTICAL SIDE

11/2

Reference: OSHA, Safety and Health Regulations for Construction, 1926 Subpart P.

PLATE C-3
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ENGINEERING CORP.

LATERAL PRESSURE DIAGRAMS
FOR OPEN CUTS IN COHESIVE SOIL - LONG TERM CONDITIONS

q

)

] ] T T [Tt
0.25H 0.25H
7 D
T
5| | - -
Q.
Q.
3
Ol | - 0.5H HL1 — ~Z -
° p—
a 0.75H
X
o — — —
[
0.25H
| f
S p— S P3 Y P—
(a) Soft to Medium (b) Stiff Clay (c) Water Pressure (d) Surcharge
Clay Pressure

Empirical Pressure Distributions

Where:

H = Total excavation depth, feet

D =Depth to water table, feet

P 1= Lateral earth pressure = yH-4C, psf
P2 = Lateral earth pressure = 0.4yH, psf
P3 = Water pressure = vy« (H-D), psf

P4 = Lateral earth pressure caused by surcharge = gKa, psf
¥ = Effective unit weight of sail, pcf

Y« = Unit weight of water, pcf

C =Drained shear strength or cohesion, psf
Ka = Coefficient of active earth pressure

Notes:

1. All pressures are additive.

2. No safety factors are included.

3. For use only during long term construction.

4. If yH/C < 4, use section (b),
If 4 <yH/C < 6, use larger of section (a) or (b),
If yH/C > 6, use section (a).

Reference: Peck, R.B. (1969), "Deep Excavation and Tunneling in soft
Ground", 7th ICSMFE, State of art volume, pp. 225-290.
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ENGINEERING CORP.

LATERAL PRESSURE DIAGRAMS
FOR OPEN CUTS IN COHESIVE SOIL - SHORT TERM CONDITIONS

TT— T T T—I [ [—
e e BT T = == ik
0.25H 0.25H
b Rl D
-
— — — J—
9}
Q
a
>
D - 0.5H HL — V4 -
° p—
2 0.75H
X
[ — —t
o
| }7 Bl
0.25H
‘ P1—4 FPZ—» FP3——‘ ~—— P4 ——
(a) Soft to Medium (b) Stiff Clay (c) Water Pressure (d) Surcharge
Clay Pressure

Empirical Pressure Distributions

Where:

H = Total excavation depth, feet

D =Depth to water table, feet

P1 = Lateral earth pressure = yH-4S,, psf
P2 = Lateral earth pressure = 0.2yH, psf
P3 = Water pressure = yw (H-D), psf

P4 = Lateral earth pressure caused by surcharge = gKa, psf
¥ = Effective unit weight of soil, pcf

7w = Unit weight of water, pcf

Su = Undrained shear strength = q./2, psf
Qv = Unconfined compressive strength, psf
Ka = Coefficient of active earth pressure

Notes:

1. All pressures are additive.

2. No safety factors are included.

3. For use only during short term construction.

4. If yH/S. < 4, use section (b),
If 4 < yH/Su < 6, use larger of section (a) or (b),
If yH/S. > 6, use section (a).

Reference: Peck, R.B. (1969), "Deep Excavation and Tunneling in soft
Ground", 7th ICSMFE, State of art volume, pp. 225-290.
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(a) Sand (b) Water Pressure (c) Surcharge
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Empirical Pressure Distributions

Where:

H = Total excavation depth, feet

D =Depth to water table, feet

P1= Lateral earth pressure = 0.65*yHKa., psf

P2 = Water pressure = yw (H-D), psf

P3 = Lateral earth pressure caused by surcharge = gKa, psf
v = Effective unit weight of soil, pcf

yw = Unit weight of water, pcf

K. = Coefficient of active earth pressure = (1-sin@)/(1+sing)
¢ = Drained friction angle

Notes:

1. All pressures are additive.
2. No safety factors are included.

Reference: Peck, R.B. (1969), "Deep Excavation and Tunneling in soft
Ground", 7th ICSMFE, State of art volume, pp. 225-290.
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BOTTOM STABILITY FOR BRACED EXCAVATION IN CLAY
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Factor of Safety against bottom of heave,

_ _ NcC
(vyD+q)

where, Nc = Coefficient depending on the dimension of the excavation (see Figure at the bottom)

C = Undrained shear strength of soil in zone immediately around the bottom of the excavation,
v = Unit weight of soil,

D = Depth of excavation,

q = Surface surcharge.

If F.S < 1.5, sheeting should be extended further down to achieve stability

1.5(yD+q)-NeC
(C/B)-0.5y

Depth of Buried Length, (D:) = ;D=5

Pressure on buried length, P

For Di< 0.47B ; P.= 1.5 Di(yD - 1.4 CD/B - 3.14C)
For D> 0.47B ; P,= 0.7 (yDB - 1.4 CD - 3.14CB)

where; B = width of excavation

| N.

9 Circular or square B/L = 1.0
o
8 P
7
r infinitely long B/L = O
6
5
4
D/B
0 1 2 3 4 5 6

N rectangular = (0.84 + 0.16B/L)N, square

Reference: Bjerrum, L. and Eide, O., Stability of Strutted Excavations in Clay, Geotechnique, 6, 32-47 (1956).
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10/11/2018 7:33 AM

Preliminary Opinion of Probable Constuction Cost for West University Place: Buffalo Speedway

STREET NAME |Buffalo Speedway
LENGTH (FT)  [8240 | 1 |= 2 if Boulevard Street
WIDTH (FT) [25 [ 4 |=No. of Driveways
ITEM | ITEM DESCRIPTION UNIT [ QUAN. [ UNIT PRICE | TOTAL AMOUNT
NO. [ [
GENERAL ITEMS
1 Traffic Control and Regulation, including signs, barrels, barricades, and flagmen L.S. 1/ $ 50,000.00 | $ 50,000.00
Temporary Sediment Control including Inlet protection barrier, Stage | and Il inlets and
existing inlets, including filter fabric fence, gravel bags, repair and replacement,
2 maintenance and removal of sediments, complete in place the sum of: L.S. 1] $ 25,000.00 | $ 25,000.00
SUB-TOTAL GENERAL ITEMS:| $ 75,000.00
PAVING ITEMS (CITY OF HOUSTON SOUTH OF BELLAIRE BOULEVARD)
3 Existing concrete pavement removal, complete in place the sum of: S.Y. 6,000| $ 13.00 [ § 78,000.00
6" thick reinforced concrete pavement, including reinforcement, joints and grading,
4 complete in place the sum of: S.Y. 6,000/ $ 70.00 | § 420,000.00
8" lime stabilized subgrade, including grading, mixing, compacting and curing, complete in
5 place the sum of: S.Y. 6,000 $ 12.00 | $ 72,000.00
Lime for lime stabilized subgrade (7% minimum by dry weight), complete in place the sum
6 of: TON 152| $ 165.00 | $ 25,080.00
7 6" concrete curb, including reinforcement and joints, complete in place the sum of: L.F. 3,000 $ 8.00[$ 24,000.00
6" concrete driveway, including blockout, reinforcement and joints, complete in place the
8 sum of: S.Y. 134 75.00 10,050.00
9 5' concrete sidewalk, complete in place the sum of: S.F. 100 13.00 1,300.00
10 Concrete curb ramp per ADA requirements, complete in place the sum of: EA. 0 2,000.00 -
SUB-TOTAL PAVING ITEMS:| $ 630,430.00
DRAINAGE ITEMS
11 Remove existing storm sewer pipe, all sizes and all depths, complete in place the sum of: L.F. - $ 20.00 | $ -
12 Remove existing storm sewer box, all sizes and all depths, complete in place the sum of: L.F. - $ 40.00 [ $ -
13 Remove existing storm sewer inlets, complete in place the sum of: EA. = $ 370.00 | $ -
14 Remove existing storm sewer manhole, complete in place the sum of: EA. - 390.00 -
15 72" RCP, all depths, including foundation and backfill, complete in place the sum of: L.F. 520 485.00 252,200.00
16 8 x 5 RCB, all depths, including foundation and backfill, complete in place the sum of: L.F. 3,000 660.00 1,980,000.00
17 8 x 6 RCB, all depths, including foundation and backfill, complete in place the sum of: L.F. 2,050 770.00 1,578,500.00
18 8 x 8 RCB, all depths, including foundation and backfill, complete in place the sum of: L.F. 4,130 920.00 3,799,600.00
19 9 x 8 RCB, all depths, including foundation and backfill, complete in place the sum of: L.F. 750 940.00 705,000.00
20 8 x 7 RCB, all depths, including foundation and backfill, complete in place the sum of: L.F. 2,600 840.00 2,184,000.00
21 Type "BB" Inlet, all depths, including foundation and backfill, complete in place the sum of: EA. - 4,000.00 -
22 Type "D" Inlet, all depths, including foundation and backfill, complete in place the sum of: EA. - 3,500.00 -
23 Manholes, all depths, including foundation and backfill, complete in place the sum of: EA. 20 3,470.00 69,400.00
Reinforced precast junction box, including excavation, bedding and backfill, connection to
24 existing system, complete in place, the sum of: EA. 35|$ 4,500.00 % 157,500.00
Trench safety for all storm sewers 5' - 10" deep, including installation, operation and
25 removal, complete in place the sum of: L.F. 4120[ $ 200 |$ 8,240.00
Trench safety for all storm sewers 10" - 15' deep, including installation, operation and
26 removal, complete in place the sum of: L.F. 4120 $ 250 |$ 10,300.00
SUB-TOTAL DRAINAGE ITEMS: 10,744,740.00
ESTIMATED PROBABLE COST OF CONSTRUCTION: 11,450,170.00
15% CONTINGENCY: 1,717,525.50
TOTAL ESTIMATED PROBABLE COST OF CONSTRUCTION: 13,167,695.50
Design Engineering Services (12%)
Bid Phase Services (1%)
Construction Administration Services (1%)
Surveying Services (1%) 131,67
G hnical Services 000.00 |
Urban Forester ,60
| OPCC INCLUDING PROFESSIONAL SERVICES: | $ 15,186,449.83 |

Engineering Fee
Assumptions:

" Geotechnical services fee is estimated based on $110/VF. The average depth of borehole is assumed as 15 VF. Borehole is assume to be placed every 500 LF.

2 Urban Forester service fee is estimated based on $1.50/LF.

Buffalo_Speedway _ DB 10-09-2018.xIsx Buffalo Speedway

2R

#of Int., St. cont.
#of Int, St. ends

16 No. of borings
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1.0 Executive Summary

A preliminary storm sewer drainage analysis was performed for six (6) ponding locations in the City of
West University Place. A significant portion of the city is within the 100-year floodplain of Brays Bayou.
However, none of the six locations of interest are within the 100-year floodplain. The existing layouts and
sizes of storm sewer lines were obtained from the report titled “Comprehensive Plan for Infrastructure
Improvements” dated April 1993 and prepared for the City of West University Place by Langford
Engineering, Inc., with supplemental information from construction documents prepared for paving and
drainage projects completed in the City since 1993. Note that the report does not provide invert elevation
information for storm sewer lines.

Elevation profiles were plotted for the streets where these intersections are located. It is found that most
of the intersections are located at low points along street profiles. Any excess of runoff above the
conveyance capacity of the storm sewer lines serving these locations will accumulate and pond in the
intersections instead of sheet-flowing away along the 