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GLOSSARY OF TERMS

BASE FLOOD. The flood having a one percent chance of being equalled or exceeded in any given
year, the 100-year flood. Note, for this study the base flood is based on a future fully
urbanized watershed and existing channels and bridges with floodway encroachments in-
place to account for potential upstream losses in valley storage. The FEMA base flood is
based on existing land use and existing channels/bridges.

DISCHARGE. As applied to a stream, the rate of flow, or volume of water flowing in a given
stream at a given place and within a given period of time, usually quoted in cubic feet per
second (cfs) or gallons per minute (gpm).

DRAINAGE AREA. The area tributary to a lake, stream, sewer, or drain. Also called catchment
area, watershed, and river basin.

DTM. Digital Terrain Model, three dimensional digital surface model, with x, y, and z attributes,
generated from field surveys and/or aerial photography

FLOOD. An overflow of land not normally covered by water and that is used or usable by man.
Floods have two essential characteristics: The inundation of land is temporary; and the land
is adjacent to and inundated by overflow from a river or stream or an ocean, lake, or other
body of standing water. Normally, a "flood" is considered as any temporary rise is a stream
flow or stage, but not the ponding of surface water, that results in significant adverse effects
in the vicinity. Adverse effects may include damages from overflow of land areas,
temporary backwater effects in sewers and local drainage channels, creation of unsanitary
conditions or other unfavorable situations by deposition of materials in stream channels
during flood recessions, and rise of ground water coincident with increased stream flow.

FLOOD FREQUENCY. A means of expressing the probability of flood occurrences as determined
from a statistical analysis of representative stream flow, rainfail and runoff records. A
10-year frequency flood would have an average frequency of occurrence in the order of
once in 10 years (a 10 percent chance of being equalled or exceeded in any given year).
A 50-year frequency flood would have an average frequency of occurrence in the order of
once in 50 years (a 2 percent chance of being equalled or exceeded in any given year). A
100-year frequency flood would have an average frequency of occurrence in the order of
once in 100 years (a 1 percent chance of being equalled or exceeded in any given year).
A 500-year frequency flood would have an average frequency of occurrence in the order
of once in 500 years (a 0.2 percent chance of being equalled or exceeded in any given
year).

FLOOD PEAK. The maximum instantaneous discharge of a flood at a given location. It usually
occurs at or near the time of the flood crest.

FLOOD PLAIN. The relatively flat area or low lands adjoining the channel of a river, stream or
watercourse or ocean, lake or other body of standing water, which has been or may be
covered by flood water.
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GLOSSARY OF TERMS
(Continued)

FLOOD PROFILE. A graph showing the relationship of water surface elevation to location, the
latter generally expressed as distance above the mouth for a stream of water flowing in an
open channel. It is generally drawn to show surface elevation for the peak of a specific

flood, but may be prepared for conditions at a given time or stage.

FLOOD STORAGE. The term used to describe a channel and flood plain’s capacity to store some
portion of the runoff volume as a flood wave moves downstream.

FLOODWAY. The channel of a river or other watercourse and the adjacent land areas that must
be reserved in order to discharge the base flood without cumulatively increasing the water
surface elevation more than a designated height.

FULLY URBANIZED CONDITIONS. In the context of a drainage study, the watershed or
drainage area of a stream is considered to be completely developed, i.e. all land is assumed
to be functioning in it’s ultimate use. Other descriptions include: Fully Developed, 100 Per
Cent Urbanized, Ultimate Development or Land Use, and Maximum Development.

ONE HUNDRED YEAR FLOOD. A flood having an average frequency of occurrence in the order
of once in 100 years, at a designated location, although the flood may occur in any year and
possibly in successive years, It would have a 1 percent chance of being equalled or
exceeded in any year. In the past, this flood has been referred to as the Intermediate
Regional Flood.

WATERSHED. The area contained within a divide above a specified point on a stream.
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EXECUTIVE SUMMARY

The Texas Water Development Board and the Cities of McAllen and Mission contracted
Halff Associates in January 1995 to prepare a detail flood study for the developing areas of
southern McAllen and southern Mission, located between the Old Mission Inlet and the Banker
Floodway. The purpose of this study was to develop detailed hydrologic and hydraulic computer
models of the watershed to analyze the existing drainage system, estimate potential flood damages,
and evaluate alternative design schemes to alleviate flood damages.

Frequent flocding problems in the area are attributed to an insufficient drainage system,
inadequate topographic relief, and low permeability of the soils. The most severe recorded
catastrophic storm in the Lower Rio Grande Valley was Hurricane Beulah in September 1967. This
event resulted in millions of dollars of flood related damages throughout south Texas. This storm
produced a total rainfall of about 16 inches, observed in the City of McAllen. This corresponds
to a return period of about 125 years.

The total contributing watershed draining to the Mission Inlet encompasses about 76 square
miles. Contributing storm water runoff originates in the City of Penitas and from as far north as
FM 1924 (Mile 3 North). The detail study area, referred to as "Sharyland/Foreign Trade Zone,"
is located between the Mission Inlet and the Banker Floodway. This detail study area includes
about 16 square miles.

The Mission Inlet watershed is about 53% urbanized at this time. Existing non-urbanized
areas include about 30% agricultural and 17% undeveloped open space. Anticipated future
development, determined from available zoning and land use maps of various cities, will consist
of about 76% urbanization with about 24% and 7% reserved for agriculture and open space
respectively. The Sharyland/Foreign Trade Zone is about 89% undeveloped (includes 17% open
space and 72% agriculture) at this time. Anticipated future development will include about 98%

urbanization.

Soil types found in the Mission Inlet watershed generally have moderate to low permeability
rates. The majority of the soils found in the Sharyland/Foreign Trade Zone have low permeability
rates; thus, the detailed study area has a high runoff potential.

Hydrologic analysis were prepared for existing and future land use conditions. Peak flood
discharges were computed for the 10-, 25-, 50-, and 100-year flood frequencies. These events have
a 10, 4, 2, and 1 percent chance of being equalled or exceeded (one or multiple occurrences) during
any single year. Differences in computed peak flood discharges, for contributing areas along the
Mission inlet, generally varied less than 5% for existing and future land use conditions. This slight
difference can be attributed to the estimated infiltration rates for irrigated cropland, which are only
slightly less than those for residential (urbanized) land use.
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The Mission Floodway is about 10 miles is length, from the outlet structure to near FM
1016. The average levee height, from the top bank of the pilot channel, is about 15 feet. There
are nine structures, including the structure at the levee closure, crossing the Mission Floodway.
Assuming the outlet gates are closed, the computed future fully urbanized 100-year flood will
overtop the existing roadway or embankment at six of these nine structures. In addition, the 100-
year flood will overtop the existing levee at five (5) locations including; the levee closure, McAllen
Miller International Airport, Palm View Golf Course, Cimarron Country Club, and at a location
west of FM 1016. If flow is not diverted to the Banker and the Mission outlet gates are open, the
Mission Levee will be overtopped at three (3) locations including the Miller International Airport,
Cimarron Country Club, and at a location west of FM 10186,

Following Hurricane Beulah, the IBWC closed the Rio Grande diversion to the Mission
Floodway and constructed the Banker Weir to permit an effective diversion of about 106,300 cfs
to the Banker Floodway. Assuming this is the maximum permitable flow to the Banker Floodway,
the estimated minimum freeboard {computed water surface to top of levee) is within 1 foot of the
top of levee at the Mission outlet structure.

As part of this study, a Digital Terrain Model (DTM) was developed from aerial
photography for the Sharyland/Foreign Trade Zone study area. Halff Associates utilized this DTM
to compute available flood storage volumes and subsequent flood elevations, for existing and future
land use conditions, for the low lying areas of widespread shallow ponding of flood waters.
Generally, the difference in computed flood elevations for ultimate and existing land use conditions
is less than 0.4 feet, for the frequencies studied. This slight difference could be attributed the
amount of existing agricultural land use, where the estimated loss rates (infiltration) for irrigated
cropland, for soils with low permeability, are only slightly less than those for urbanized land use.
In addition, this slight difference in computed flood elevations can be also attributed to the flood
storage capacity of the land at shallow depths, where the difference in total flood storage is
somewhat more significant than the variation in actual depth of ponding.

The estimated total property inundated by the future (assumed ultimate land use) 100-year
flood within the study area is approximately 7,681 acres. This includes about 2,590 acres within
the Mission Floodway and about 5,091 acres between the Mission and Banker Levees. Visual
inspection of these flood plain areas indicate about 2,958 acres of 100-year flood plain consist of
agricultural cropland.

An inventory of existing structures indicate that there are about 1,236 structures with
estimated finish floor elevations below the computed future 100-year flood, The majority of these
structures (1,085) are residential properties located in Balboa Acres. An additional 75 flood prone
residential structures are located in the Cimarron Country Club. As many as 955 residential
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structures, located in the Cimarron Country Club and Balboa Acres, are susceptible to the 10-year
flood event, assuming ultimate development.

Recommended structural improvements to help alleviate flooding of existing structures
include reconstruction of the Mission Levee at Cimarron Country Club and excavation of about 2.4
million cubic yards of material for flood storage at Balboa Acres and the Foreign Trade Zone. The
estimated cost to redirect flood water around Cimarron Country Club and provide flood protection
for 75 existing residential structures is about $6.4 million. The estimated cost to alleviate flooding
of about 1,155 existing residential, warehouse, and commercial structures in Balboa Acres and the
Foreign Trade Zone is about $10.1 million.

Recommended future structural improvements for the Cities to consider include raising the
existing levee three feet above the 100-year flood (in accordance with FEMA criteria) at all
locations where the computed future 100-year flood will overtop the Mission Levee. In addition,
the Cities should consider constructing a designated emergency spillway at the Mission Floodway
outlet structure to the Banker Floodway. The estimated cost for the emergency spillway is about
$2 million.

Halff Associates also recommends that the Cities consider adopting a flood plain
management policy that would require all new developments within the Sharyland/Foreign Trade
Zone provide a minimum of 0.8 acre-feet of flood storage for every one acre of development.

It is further recommended that the Cities formally adopt the flood levels shown in this report
for their flood plain management program.
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I. INTRODUCTION

PURPOSE OF REPORT

The purpose of this study is to develop detailed hydrologic and hydraulic computer models
to analyze the existing drainage system and evaluate alternative design schemes to help
alleviate existing and potential flood damages for the developing areas of southern McAllen
and southern Mission, Texas, located between the Old Mission Inlet Floodway and the
Banker Floodway. The limits of the detail study area are illustrated on Figure 1.

This study identifies and quantifies existing and potential flooding problems endangering
the Foreign Trade Zone, Balboa Acres, Cimarron Country Club, the McAllen Sewage
Treatment Plant, and other areas including significant amount of agricultural property. In
addition, the results of this study provides planning alternatives and design concepts to
improve the existing drainage system and help alleviate subsequent flooding, The
information presented in this report will provide the Cities of McAllen and Mission with the
necessary updated drainage information to coordinate future development and help minimize
existing and potential flood damages within the detail study area (Sharyland/ Foreign Trade
Zone). For the purposes of this report, the detail study area shall be referred to as the

Sharyland/Foreign Trade Zone.

This report provides a summary of the procedures used to analyze the existing drainage
system and associated flood problems and the results and recommendations that were
derived from the analyses. Additional information (i.e. 1995 topographic mapping, digital
terrain model (DTM), photographs, work maps, and computer files) used in the production
of this report are available from Halff Associates and from the Cities of McAllen and

Mission.

Specific objectives of the Flood Protection Planning Study for Southern McAllen and

Mission, Texas are;

1. Establish survey control network (see Appendix H) for aerial mapping of the
project area bounded on the north by the Old Mission Inlet Floodway and

on the south by the Banker Floodway.

2. Compile pertinent existing engineering data and newly developed
information into a comprehensive report with an up-to-date, fully developed
watershed. 10-, 25-, and 100-vear flood plain delineation of the study area.
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3. Determine the impact of future urbanization of the contributing watershed
on the study area.

4, Formulate conceptual plans and analyze the effects of proposed
improvements to reduce the flooding potential within the study area.
Consideration of improvements to flood storage areas, channel flow
characteristics, gated outfall structures, existing levee, and possible secondary
levee. Prepare pre-design estimates of probable cost for the various

improvement plans.

3. Based on the analysis of various alternative plans to reduce flooding, make
specific recommendations to the Cities of McAllen and Mission,

6. Coordinate all phases of the study, from data gathering to final design
recommendations, with the City Engineering Staff.

COMMUNITY DESCRIPTION

The study area is located in the south central region of Hidalgo County, commonly known
as the Lower Rio Grande Valley. The detail study area includes the developing areas of
southern McAllen and southern Mission, Texas, located between the Old Mission Inlet
Floodway and the Banker Floodway. Existing land use within the detail study is
predominantly agricultural, consisting of vegetables, sugar cane, grain, and citrus. Major
existing development includes the Foreign Trade Zone and residential subdivisions including
Balboa Acres, Cimarron Country Club, Madero, and Granjeno. Proposed future planned
development will most likely consist of warchousing/manufacturing and residential

properties,

The study area’s terrain is characteristic of the Texas Coastal Plains. The topography is
rather flat with elevations (in the detail study area) varying from about 92 feet to 112 feet
above the National Geodetic Vertical Datum of 1929 (NGVD). The soils in the area
generally consist of moderately permeable loams and clays (Reference 1).

The climate of the study area is subtropical. Summers are hot and winters are short and
mild. Extremes of temperature and precipitation are of relatively short duration.
Temperatures range from an average July maximum of about 97°F to a January minimum
of about 49°F (Reference 2). The mean annual precipitation is about 20 inches. These
weather conditions, along with an plentiful source of water for irrigation from the Rio
Grande, sustain an ideal growing season of 327 day per year.
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PRINCIPAL FLOOD PROBLEMS

Most of the frequent flooding problems in the area are attributed to an insufficient drainage
system, inadequate topographic relief, and the Iow permeability of the soils. Drainage ditch
grades of 0.02 % (about 1 foot per mile) and flat grades for overland flow account for
widespread shallow ponding of excess storm water (Reference 2). In addition, the drainage
ditches in the study area outfall to the Mission Inlet through manually operated gated
drainage structures that are often old and deteriorated and possibly frozen open or closed.
During flood stage along the Mission Inlet, flood waters may surcharge these structures,
resulting in additional flooding problems.

The most severe recorded catastrophic storm in the Lower Rio Grande Valley was Hurricane
Beulah in September 1967. This event resulted in millions of dollars of flood related
damages throughout south Texas. Thousands acres of land were inundated with flood
waters. Figure 2, taken from the Corps of Engineers’ "Report on Hurricane Beulah"
(Reference 3), is an illustration of the extent of flooding near the Miller International
Airport in McAllen, Texas. Ponding water was prevalent for months following the storm.
A total rainfall of about 16 inches was observed in the City of McAllen. This corresponds
to a return period of about 125 years {Reference 3). As a result of Hurricane Beulah, the
Mission Inlet Floodway was abandoned as an overflow route to the Rio Grande. Today the
Mission Inlet Floodway is used to convey and store only local storm water runoff,
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SECTION II
STUDY PROCEDURES



II. STUDY PROCEDURES

HYDROLOGIC STUDIES

General

Hydrologic analyses were conducted by Halff Associates for the Mission Inlet
Watershed basin using the Corps of Engineers hydrologic computer program HEC-1
{(Reference 5). This methodology is consistent with previous hydrologic studies
prepared by the Galveston District U.S. Army Corps of Engineers (Reference 6) and
City of McAllen Study, dated May 1991, prepared by Phase V Engineering, Inc. in
cooperation with Furlong Engineering, Inc. (Reference 7). Halff Associates utilized
portions of the City of McAllen HEC-2 model and associated work maps to develop
an updated detailed HEC-1 model of the Mission Inlet watershed basin for this study.

Halff Associates’ hydrologic analysis for this study was prepared using existing
(1995) and future, fully-urbanized watershed conditions. Flood events of a magnitude
which are expected to be equalled or exceeded once on the average of any 10-, 25-,
50-, and 100-years have been selected as having special significance for this study.
These events have a 10, 4, 2, and 1 percent chance, respectively, of being equalled
or exceeded (one or more occurrences) during any one year. Tables of peak flood
discharges can be found in Chapter 3. Although the recurrence interval represents the
long term, average period between floods of a specific magnitude, rare floods could
occur at short intervals or even within the same year. The risk of experiencing a rare
flood increases when periods greater than one year are considered. For example, the
risk of having a flood which equals or exceeds the 100-year flood (one percent chance
of annual occurrence) in any 50-year period is about 40 percent (4 in 10), and for any
90-year period, the risk increases to about 60 percent (6 in 10).

Watershed

The total contributing Mission Inlet watershed encompasses approximately 76 square
miles. Contributing storm water runoff originates in the City of Penitas, just west of
the intersection of U.S. Highway 83 (US 83) and Business Route 374 (Bus. 374).
Runoff from the north drains to the Mission from near FM 1924 (Mile 3 North).
Figure 3 is a schematic illustration of the study watershed depicting the major
drainage systems including the Mission Inlet, Edinburg Canal & Mission Lateral,
Rado Alternate, Rado Drain, McAllen Airport, Rancho Santa Cruz, and the

Sharyland/Foreign Trade Zone.
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For this study, the watershed basin was sub-divided into approximately 101 sub-
watershed basins (see Appendix A - Overall Drainage Area Map). Watershed
characteristics such as drainage area, watercourse length, basin slope, land use, soil
type, and channel/flood plain storage were determined for each sub-watershed basin.
The hydrologic procedure used in the preparation of this report includes the
development of synthetic unit hydrographs at each of these sub-basin locations.
Derived runoff hydrographs were then combined and routed through existing
channels. The program HEC-1 (Reference 5) was used to compute storm runoff
based on Soil Conservation Service (SCS) curve numbers (Reference 8), derived from
land use and hydrologic soil types. The Snyder’s unit hydrograph method and the
Modified Puls routing method were used to determine peak flood discharges for a
given frequency rainfall.

Land Use

Existing land uses were determined from March 1995 aerial topography, for areas
within the detail study area (Sharyland/Trade Zone). Available land use maps and
aerial photographs (dated 1992) were utilized for areas beyond the detail study area.
These existing land use classifications were then verified and adjusted based on field
observations. Figure 4 is an illustration of the 1995 existing land uses assumed for

this study.

As communities such as Mission and McAllen develop, farms and pastures are
replaced with residential, commercial, and industrial land uses. Future land
classifications and growth patterns were generally determined from available
published city maps including the McAllen Physical Development Plan (adopted
September 12, 1993, the City of Mission Zoning Map, the of City of Mission-5 Mile
Extra-Territorial Jurisdiction (ETJ) Map, and Land Use Districts Conceptual
Development for Sharyland Plantation. Future land use classifications for areas
beyond the ETJ were estimated based on present development trends and coordination
with City staff. Assumed ultimate land use for the study area is depicted on Figure

5.

Impervious Coverage

Percent impervious is a function of the various land uses within the watershed basin.
Residential impervious coverage typically reflects the housing market by allowing
greater building and pavement coverage as land prices increase. The assumed
impervious coverage for land uses found in the study watershed area are summarized

in Table 1.
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Residential land use classifications within the city limits were assigned a "Residential-
1" land use category for this study. This classification was devised to simplify the
varying definitions for residential development within the Cities of McAllen and
Mission. For instance, low density residential development in the City of Mission
includes residential lots of 6,000 square feet or greater (R1 & R1A), while low
density residential development in the City of McAllen includes duplexes,
townhouses, and some mobile homes (R-2, R-3T, and R-4). "Residential-2"
classification was assigned for areas beyond the city limits, generally located west of
Mission, where typical observed residential lots are 1/2 acre or greater.

Percent impervious values were derived by Halff Associates using Corps of Engineers
and Soil Conservation Service (SCS) publications (References 6 and 8) and drainage
design manuals from various Texas cities. Halff Associates has also derived
impervious coverage values for typical Dallas-Fort Worth Metroplex and other Texas
Cities using detailed measurements of developed areas.

Table 1
Characteristic Imperviousness
for Land Uses found in the Mission Inlet Watershed

Land Use Classification Characteristic Imperviousness
(Percent)

Residential-1 ? 45%

Residential-2 @ 30%

Warchouse / Manufacturing / Industrial 85%

Commercial / Office 90%

Mixed Use @ 80%

Agricultural 0%

Schools / Public 30%

Parks / Golf Courses / Cemeteries / Open Space 5%

Undeveloped Areas (brush, range land) 0%

(1) All residential land use classifications within the city limits were grouped into "Residential-
1" 1and use to simplify the different residential density definitions between the cities of
McAllen and Mission.

) "Residential-2" classification was used for areas outside the city limits, generally west of
Mission, where typical lots are 1/2 acre or more.

3 Mixed Use land use classification within the Sharyland Plantation includes 75 %
Warehousing and 25% Residential iand uses.

-3




——

Soil Types

Hydrologic soil types are divided into four groups (A, B, C, and D). Group A soils
have the highest infiltration rates and the lowest runoff potential of the four soil
types. Group B soils have moderate infiltration rates, Group C soils have slow
infiltration rates. Group D soils have the slowest infiltration rates and the highest
runoff potential. Group A soils are usually well drained and consist of sand or
gravel. Group D soils, on the other hand, are often clayey, have a high water table,
or consist of bedrock or other nearly impervious material. Hydrologic Soil Types
for the Mission Inlet watershed basin were estimated from the Soil Conservation
Service Hidalgo County, Texas Soil Survey (Reference 1). Figure 6 is an
illustration of the hydrologic soils typically found in the study watershed.

According to Figure 6, the majority of the watershed consists of type B and D soils
with some C soils at the western boundary in the City of Penitas. The
Sharyland/Foreign Trade Zone study area is predominantly type D soil (highest
runoff potential).

The antecedent moisture condition (AMC) defines the soil moisture condition prior
to a storm. The Soil Conservation Service has defined three levels of antecedent
moisture conditions (Reference 8).

AMC-I Dry soils and low runoff potential
(0 to 0.5" total rainfall in preceding 5 days)

AMC-IT Average soil moisture conditions
(0.5" to 1.1" total rainfall in preceding 5 days)

AMC-IIT Saturated soil condition from antecedent rains
(greater than 1.1" total rainfall in preceding 5 days)

An average antecedent soil moisture condition (AMC-II) was chosen for the

purposes of this study.
Loss Rates

The SCS Curve Number Method is a technique, developed by the Soil Conservation
Service (SCS) (Reference 8), for classifying land use and soil type using a single
parameter called the Curve Number (CN). The curve number is dependent on the
land use, impervious coverage, soil classification, and antecedent runoff conditions.
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Table 2 is a list of composite CN’s for land uses and AMC-II hydrologic soil types
representative of the study area.

Halff Associates computed SCS Curve Number’s using a weighted average percent
imperviousness for individual soil types and land use within each sub-watershed
basin. The composite CN’s shown in Table 2 were computed using the assumed
percent impervious values for the various land uses shown in Table 1.

The initial abstraction (IA) was computed for AMC-II (average) soil conditions
using the following equation (Reference 5):

IA =02 * (1000 - 10 * CN) / CN

Table 2 :
Composite SCS Curve Numbers for thf: Land Use found in the Study Area
Composite SCS Curve Number for each Hydrologic Soil Type

Land Use Classification Soil A Soil B Soil C Soil D
Residential-1 64 76 84 87
Residential-2 56 71 80 85
Warehouse / Manufacturing/Industrial 87 90 92 93
Commercial/Office 89 92 93 94
Agricultural 64 75 82 85
Schools / Public 56 71 80 85
Parks / Golf Courses / Cemeteries 42 63 75 81
Undeveloped Areas 35 56 70 77

Composite Curve Numbers were computed using the average percentage of impervious area shown on Table
1. These curve numbers were computed assuming all impervious areas have a curve number of 95. Pervious
areas are considered equivalent to open space in good hydrologic soil conditions (CN for soil A = 39, soil B
= 61, soil C = 74, and soil D = 80). Undeveloped areas is considered equivalent to a mixture of brush and
rangeland (CN for A soil= 35, B soil= 56, C soil = 70, and D soil = 77). Agricultural areas are considered
equivalent to row crops with straight rows and crop residue cover in good condition (CN for A soil= 64, B

soil= 75, C soil = 82, and D soil = 85).

7. Snyder’s Unit Hydrograph

Snyder’s Unit Hydrograph Lag Times (Tp) were determined from regional
relationships, developed by the Corps of Engineers, of sub-basin geometry
(Reference 9). These regional relationships are a function of watercourse length,

basin slope.
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Halff Associates computed lag times for many of the smaller sub-basins (less than
2,000 acres) using the following equation (Reference 8):

Tp = 0.6 * Time of Concentration

Snyder’s Peaking Coefficient (Cp) was determined from information developed
specifically for the Hidalgo County by the U.S. Army Corps of Engineers Galveston
District {Reference 6).

8. Rainfall

Point rainfall depths for the Mission Inlet watershed were taken from the National
Weather Service Publication Technical Paper No. 40 (Reference 10) and from the
National Oceanic and Atmospheric Administration (NOAA) Technical Memorandum
Hydro-35 (Reference 11). The National Weather Service has developed a
relationship to convert point rainfall depths to areal average rainfall based on the
size of the drainage arca and the duration of the storm. However, because of the
small drainage basin studied, areal reduction of point rainfall depths was not

necessary for this study.

Table 3 are the point rainfall depths used for this study for the 10-, 25-, 50-, 100-,
and 500-year flood frequencies.

Tabl
Rainfall Depth / Duration foratt}:;e ilidalgo County Study Area *
Point Rainfall Depths (inches) for Hidalgo County Study Area
Return Period
(years) S.min. | 15-min. | 60-min. [ 2-hour | 3-hour | 6-hour | 12-hour | 24-hour
2-Year 0.50 1.10 2.00 2,60 2.70 3.25 3.70 430
5-Year 0.58 1.28 2.57 3.40 3.70 440 520 6.00
10-Year 0.64 142 297 3.95 4.30 5.20 6.10 7.10
25-Year 0.74 1.63 353 4.60 5.00 6.20 720 8.50
50-Year 0.81 1.79 397 5.10 5.70 7.00 8.30 9.60
100-Year 0.88 1.95 440 570 6.30 7.80 9.50 11.00
500-Year 1.7 32 5.75 725 8.0 9.9 12.0 13.75
* Data taken from Technical Paper No. 40 and Technical Memorandum Hydro-35.




9. Flood Routing

The Modified Puls routing method was utilized by establishing storage-outflow
relationships from steady-flow water surface profiles determined from HEC-2
hydraulic analyses of the Mission Floodway. Storage-outflow relationships were
determined for existing channel (floodway) conditions.

Halff Associates utilized a Digital Terrain Model developed for this study to
determine the elevation storage relationship routing data through the detail study
area (Sharyland/Foreign Trade Zone). For areas beyond the detail study area, Halff
Associates utilized available ditch system construction plans and prepared cursory
HEC-2 hydraulic models to develop storage-discharge relationships,

B. HYDRAULIC ANALYSES

1. General

Flood profiles for Mission Floodway and Banker Floodway were developed using
the Corps of Engineer’s computer program HEC-2 (Reference 12). Halff Associates
-developed a detail hydraulic model of the Mission Floodway to reflect 1995
floodway and bridge conditions. The Banker Floodway HEC-2 model, utilized for
this study, was obtained from the Intemational Boundary and Water Commission
(IBWC). In addition, Halff Associates prepared cursory HEC-2 models of major
drainage courses (i.e. Mission Lateral, Rado Drain, Rado Alternate, Rancho Santa
Cruz, etc.) for flood storage routing purposes.

2. Existing Channel and Bridge Conditions

Cross-sections used in the Mission Floodway HEC-2 computer model were located
at close intervals above and below bridges, culverts, and elevated canal crossings in
order to compute the significant effective flow and backwater effects of these
structures. Mission Floodway hydraulic cross-section data was obtained from the
1995 digital terrain model (DTM) developed for this study. Bridges, culverts, and
elevated canal crossings were modeled based on available construction plans.
Generally, these plans correlated well with the 1995 DTM.

Hydraulic models of the major drainage courses were developed from available
construction plans and field observations,

-7




Channel roughness factors (Manning’s "n") were assigned on the basis of field
inspections of flood plain areas and from previous studies by the Corps of
Engineers. For study purposes, it was assumed that no clogging would occur and
that all bridge structures would stand intact. Significant changes in this premise,
imposed by differing conditions of a future flood, could alter the estimated flood
elevations and flood limits shown on the profiles and flood plain maps that
supplement this report. All elevations are measured from National Geodetic Vertical

Datum of 1929 (NGVD).

STUDY ASSUMPTIONS

The development of detailed hydrologic and hydraulic computer models and the ensuing
conclusions of this study are based on a number of assumptions. Following is a brief

summary of study assumptions.

1.

Detail Study Area Modeled as Enclosed System

Halff Associates assumed that storm water runoff from the detail study area, the area
bounded by the Mission and Banker Levees (Sharyland/Foreign Trade Zone), could
not enter the Mission Floodway. This assumption is based on the premise that the
Mission Floodway is flowing full; therefore, all gated structures along the interior
levee are closed. Likewise, the Mission Floodway flood waters were not permitted
to enter the Sharyland/Foreign Trade Zone study area, with the exception of the
Cimarron Country Club where the Mission levee has been removed.

The Sharyland/Foreign Trade Zone study area encompasses about 16 square miles
(10,240 acres). This area was divided into eleven (11) separate flood storage cells
as illustrated on Figure 7. The configuration of each flood storage cell was
determined from topographic features. Halff Associates selected the boundary of
each cell based on the relative grade change from one cell to another. These cell
boundaries were generally associated with a structure such as an elevated canal or
roadway embankment.  Stage-Storage (elevation-volume) relationships were
developed for each cell utilizing the 1995 DTM. This information was then used
to compute flood elevations for each cell.

Banker Floodway Full with Mission Floodway Qutlet Structure Gates Closed

Following Hurricane Beulah, the IBWC closed the Rio Grande diversion to the
Mission Floodway and constructed the Banker Weir to permit an effective diversion
of about 106,300 cfs to the Banker Floodway. This flow would produce a computed
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flood elevation in the Banker Floodway of about 101 feet at the Mission Floodway
outfall closure levee; thus, requiring the Mission Floodway outlet structure gates
closed to prevent the Banker backwater from entering the Mission Floodway.

Halff Associates assumed the Mission Floodway outlet structure gates closed for this
study. This assumption prevents Mission Floodway storm water from entering the
Banker Floodway, unless the levee is overtopped. Likewise, the Banker Floodway
flows are not permitted to enter the Mission Floodway. The limits of flooding
depicted in Appendix C is based on future development with the Banker Floodway
flowing full (106,300 c¢fs) (References 13 and 14) and the Mission Floodway outlet
structure gates closed.

Mission Floodway Modeled as Series of Reservoirs

The Mission Floodway generally functions as a series of large linear flood storage
reservoirs separated by eight outlet structures or hydraulic restrictions (i.e. Jackson
Road, San Juan Elevated Canal, SH 336, Old FM 336, 23rd Street, Shary Road, Rio
Grande Road, and FM 1016). In order to account for the variation in flood
elevation over the entire length of the floodway, Halff Associates prepared a detailed
hydraulic analyses along the Mission Floodway. Headlosses were computed at all
hydraulic restrictions. Available flood storage between each restriction were
computed using the 1995 DTM. Information from the hydraulic analysis and DTM
were then utilized to compute stage-storage relationships for flood storage routing
through each reach of the floodway (see Appendix B). The resulting analysis
produced a flood profile depicting the varying flood elevations due to each roadway
and elevated canal.

Mission Floodway Contributing Drainage Areas Regulated

Storm water runoff from west of the Mission Main Canal was generally permitted
to enter Mission Floodway uncontrolled; thus, the detention effects of upstream
ponding (at low areas, roadway embankments, etc.) were not accounted for in this

study.

Flows to the Mission Lateral were routed based on a typical cross sectional area of
the drainage channel. Available record construction plans indicate Mission Lateral
storm water flows are diverted at the Rado Drain. For this study, 50% (not to
exceed 750 cfs) of the Mission Lateral flow was permitted to drain to the south, to
the Mission Floodway, and the remaining flow was diverted to the north. This
assumption is based on a cursory analysis of the available head and tailwater
conditions at the diversion (7’ X 6’ box culvert) located at the intersection of the

Edinburg Canal and the Rado Drain.
II-9



Drainage ditches entering the Mission Floodway from the north (Rado Drain, Rado
Alternate, 23rd and 18th Street Ditch, Rancho Santa Cruz, etc.) were regulated based
on a comparison of the timing of the computed flood stage of the subject drainage
ditch and the Mission Floodway. Ideally, ditch flow should not be permitted to
enter the Floodway when the computed flood stage of the Floodway exceeds the
stage of the subject drainage ditch. In order to model this scenario using HEC-1,
a plot of stage vs time was prepared for the each drainage ditch and the Floodway
at each corresponding location. Utilizing these plots, Halff Associates estimated a
time when flow could no longer enter the floodway. This time was then used to
estimate the effective volume of storm water, based on the ditch flood hydrograph,
permitted to enter the Floodway. The remaining volume, from the contributing ditch
hydrograph was diverted out of the system.

FLOOD PLAIN DELINEATION

The current flood regulatory maps for the project area are the FEMA Flood Insurance Rate
Maps prepared for the 1991 City of Mission (Reference 15), 1980 City of McAllen
(Reference 4), and the 1980 Hidalgo County Flood Insurance Studies (Reference 2), The
National Flood Insurance Program uses the 100-year flood (existing conditions) as the "base
flood” for insurance and mapping purposes. Since floods greater than the 100-year flood
may occur, citizens should bear in mind that if the level of protection is for a 100-year
flood, it is possible for flood levels to exceed this limit.

For this study, the 10-, 25-, and 100-year flood plain limits, ponding elevations, and flood
profiles were prepared for existing (1995) topography, channel and bridge conditions with
peak flood discharges based on existing and future (ultimate) land use conditions. Flood
plain maps are presented in Appendix C of this report. The delineation of the future fully
urbanized flood plain for the Mission Floodway and the Sharyland/Foreign Trade Zone
provides the Cities of McAllen and Mission with one of the basic tools of flood plain
management. This data will be instrumental in the performance of many flood plain
management functions, some of which are listed below.

Formulation of flood plain management alternatives;

Outlining of flood-hazard areas;

Planning for parks and recreation in flood-prone areas;

Compliance with requirements of federal flood insurance programs;
Establishment of safe finished-floor elevations;

Planning of subdivisions to provide room for the passage of floodwater;
Design of roads, bridges, and utilities; and

Designation of easements or land to be purchased and used for open space.

®NAG AW~
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Included in this study are computer diskettes containing copies of all hydrologic and
hydraulic computer model data used in the production of this report. These baseline
computer models will enable City Engineering staff to predict flood levels for flows based
on existing and/or future land use conditions. The Cities of McAllen and Mission will also
have the ability to periodically update and modify the models prepared for this study to
predict anticipated changes in land use and/or watershed characteristics.
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SECTION III
STUDY RESULTS



II. STUDY RESULTS

GENERAL

Halff Associates revised and updated previous hydrologic studies of the Mission Inlet
watershed basin and developed the detailed drainage area map provided in Appendix A.
This detailed drainage area map includes approximately 101 sub-basins, of which 19 sub-
basins are located in the Sharyland/Foreign Trade Zone detail study area. Sub-basin
names were assigned based on those of previous studies.

Table 4 is a list of computed drainage areas and estimated SCS Curve Numbers, for
existing and future (ultimate) land use conditions, for each sub-watershed basin in the
study area.

Summary of Drainage Areas Zflgl;l:timated SCS Curve Numbers
Drainage Drainage Existing Future SCS Curve
Area Area SCS Curve SCS Curve Number
Number (sm) Number Number Difference

MI-1 049 74.9 749 0.0
MI-2 0.62 74.9 74.9 0.0
MI-4 0.34 71.0 71.0 0.0
MI-5 0.13 71.0 770 0.0
Mi-6 0.80 78.1 78.1 0.0
MI-7 0.77 83.8 83.8 0.0
MI-8 0.61 81.1 81.1 0.0
MI-3A 039 84.4 88.0 37
MI-9B 1.01 76.1 83.6 7.5
MI-9C 029 83.0 830 0.0
MI-10A 0.54 832 832 0.0
MI-10B 0.42 770 77.0 0.0
MI-10C 0.48 84.0 84.0 0.0
MI-10D 041 78.0 78.0 0.0
MI-11A 125 779 812 33
MI-11B 1.50 77.0 770 0.0




Table 4

Summary of Drainage Areas and Estimated SCS Curve Numbers

Drainage Drainage Existing Future SCS Curve
Area Area SCS Curve SCS Curve Number
Number (sm) Number Number Difference
MI-13 0.73 76.5 804 39
MI-14 0.94 80.2 82.6 24
MI-15 1.17 824 824 0.0
MI-16 0.62 71.8 78.1 6.3
MI-17 036 82.6 833 07
MI-18 3.19 824 824 00
MI-19 0.47 83.0 83.0 0.0
MI-20 037 81.0 853 44
MS-1 0.37 72.6 80.3 1.7
MS-2A 053 88.5 88.5 0.0
MS-2B 0.82 80.1 80.1 0.0
MS-2C 139 79.8 79.8 0.0
MS-3A 0.82 82.0 843 23
MS-3B 0.68 75.7 78.8 3.1
MS-4A 0.70 79.1 79.1 0.0
MS-4B 0.54 78.1 78.1 0.0
MC-1A 139 85.1 88.3 3.2
MC-1B 1.52 72.5 78.2 57
MC-1C 021 748 794 4.6
MC-1D 0.07 66.2 76.3 10.0
MC-2A 0.90 85.6 85.6 0.0
MC-2B 037 90.6 90.6 0.0
MC-3 0.60 80.2 812 1.0
MCH4A 2.02 74.8 827 7.8
MC-4B 042 80.3 84.5 42
R-2 042 78.8 798 1.0
R-3 0.10 753 753 0.0
R-4 041 81.0 81.0 0.0
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Table 4

Summary of Drainage Areas and Estimated SCS Curve Numbers

Drainage Drainage Existing Future SCS Curve
Area Area SCS Curve SCS Curve Number
Number (sm) Number Number Difference
R-5A 0.13 73.7 78.3 4.6
R-5B 023 72.2 722 0.0
R-6 0.82 73.9 779 40
R-9 2.50 75.8 78.7 2.9
R-10 0.64 73.6 787 5.1
R-11 0.97 717 78.7 1.0
R-13 2.77 69.9 76.5 6.5
R-14 032 66.8 76.3 9.5
R-15 1.85 74.1 74.7 06
El 0.26 73.6 73.6 0.0
E2 0.49 721 732 1.1
E3 0.44 694 703 0.9
E4 0.14 772 772 0.0
E5 0.35 715 715 0.0
E6 0.21 74.9 74.9 0.0
E7 034 76.1 76.1 0.0
Eg 0.19 76.0 76.0 0.0
E9 0.22 84.5 84.5 0.0
EI0 0.25 780 78.0 0.0
Eli 0.19 56.0 76.3 20.0
E12 0.15 614 76.8 15.0
E13 0.17 57.0 76.8 19.0
El4 2.52 74.9 752 03
El5 0.50 733 76.0 27
El6 2.24 701 71.6 14
El7 0.27 76.5 76.5 0.0
E18 0.56 743 74.3 0.0
E19 036 79.1 793 02
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Table 4

Summary of Drainage Areas and Estimated SCS Curve Numbers

Drainage Drainage Existing Future SCS Curve
Area Area SCS Curve SCS Curve Number
Number (sm) Number Number Difference
E20A 2.05 76.9 76.9 0.0
E20B 124 758 76.0 0.2
E21 0.10 824 324 0.0
E22 1.53 81.2 83.3 2.1
E23 052 76.6 829 6.3
E24 028 817 81.7 0.0
E25 0.25 737 81.5 7.8 1
E26 0.24 84.4 844 0.0
E27 0.26 76.3 763 0.0
ES1 0.69 827 82.7 0.0
TZ-1 0.75 81.7 87.8 6.1
TZ-2 0.68 832 92.9 9.7
TZ-3 0.91 81.2 89.5 8.2
TZ-4 0.61 79.8 88.8 9.0
TZ-5 174 827 85.0 23
TZ-6A 0.57 83.0 89.6 6.6
TZ-6B 0.64 84.0 925 85
TZ-6C 0.58 84.5 92.6 8.1
TZ-6D 0.18 88.8 915 27
TZ-6E 0.51 847 92.8 8.1
TZ-6F 0.55 768 89.8 13.0
TZ-7 0.69 772 80.5 133
TZ-8 236 79.4 89.1 5.7
TZ-9 1.06 80.0 91.3 113
TZ-10A 1.83 82.8 88.0 51
TZ-10B 0.59 83.2 86.8 3.6
TZ-11A 0.67 803 82.6 23
TZ-11B 1.03 80.0 814 14
TZ-11C 023 84.5 862 17
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The results of this study includes flood information for the following land use and flood
plain conditions:

0 Flood discharges based on existing 1995 land use conditions with existing
topographic features. Note, this data could be very useful if the Cities of
Mission and McAllen decide to submit an update of the current FEMA Flood
Insurance Rate Maps.

o Flood discharges based on future (ultimate) land use conditions (fully
urbanized watershed) and existing topographic features.

0 10-, 25 and 100-Year flood plain delineations for existing topographic
conditions with flood discharges based on future land use conditions. (See
Appendix C).

0 Selective levee and flood storage (sump) improvements with flood discharges

based on future land use conditions (fully urbanized watershed).
B. MISSION INLET FLOODWAY

1. Description of Watershed

The Mission Floodway flows in a southeasterly direction. The study watershed
includes the Cities of Penitas, Palmview, Palmhurst, Mission, McAllen, and Phar,
Contributing storm water runoff originates in the City of Penitas, just west of the
intersection of U.S. Highway 83 (US 83) and Business Route 374 (Bus. 374). At
FM 1016, near the entrance to the Mission Levee, the total drainage area is about
16 square miles (10,240 acres). The total contributing area at the Mission Levee
closure is approximately 60 square miles (38,400 acres), excluding the 16 square
mile interior drainage area located between the Mission and Banker levees.

The Mission Inlet watershed study area is about 53% developed at this time (1995).
Existing land uses consist of approximately 17% undeveloped open space; 30%
agricultural; 42% residential; 9% business/commercial/industrial areas; and scattered
public/semi-public areas (i.e. schools, churches, etc.). According to information
compiled from future land use maps, from cities within the watershed, anticipated
future development could consist of approximately 7% parks and undeveloped open
space; 24% agricultural; 56% residential; 12% business/ commercial/industrial areas;
and scattered public/semi-public areas (i.e. schools, churches, etc.).

-5



nrire,

Hvdrologic Study Results

Halff Associates prepared detailed HEC-1 hydrologic computer models of the
watershed to analyze existing land use conditions and projected future (ultimate)
land use conditions. Existing and ultimate land use conditions were analyzed with
flood storage routing data based on existing topography and existing bridges and
culverts. Peak flood discharges calculated for this study include the 10-, 25-, 50-,
and 100-year flood frequencies. Tables 5 and 6 contain peak flood discharge
information at key locations along the Mission Floodway.

Table 5 is a summary of computed peak flood discharges at key locations along the
Mission Floodway for existing and ultimate land use conditions, assuming the
Mission outlet gates are closed. A summary of computed existing and ultimate peak
flood discharges at major contributing ditch systems to the Mission Floodway are
presented in Table 6. Note, the discharges presented in Table 6 do not necessarily
correspond to the actual amount of runoff permitted to enter the Mission Floodway
(see Chapter IT, "Study Assumptions" for detail explanation).

Table 5
) Mission Floodway
Summary of Computed Peak Flood Discharges
Existing and Ultimate Land Use Conditions (Gates Closed)

Drainage Existing Peak Discharge (cfs) Ultimate Peak Pischarge (cfs)
Loecation Area

(sm) 10-yr | 25-yr | 50-yr | 100-yr || 1C-yr | 25-yr | 50-yr | 100-yr
At Mission Main Canal 125 7800 | 9900 | 11500 | 13200 || 8160 | 10200 } 11800 | 13500
At Confluence with Old Inlet - 15.6 8800 | 11300 | 13400 | 15600 || S100 | 11700 | 13700 | 15900
At FM 1016 - Conway Rd 16.0 9000 | 11600 | 13700 | 15900 || $3C0 [ 11900 | 14000 ; 16200
At Rio Grande Rd 21.4 4500 | 6600 | 9100 | 11600 || 4600 [ 7000 | 9500 ; 12100
At Shary Rd 220 4500 | 6400 | 8200 | 10100 || 4600 6900 8500 | 10400
At 231d Street 511 7400 | 10800 | 12600 | 15100 || 7500 | 11200 | 12900 | 15500
At San Juan Elevated Canal 572 4200 | 6700 | 8200 | 105C0 || 4500 | 7000 | 8500 | 10800
At Jackson Read 58.1 2800 | 5700 | 7600 | 10000 || 3300 | 6000 | 7900 | 10300
Note:  Peak discharges are based on existing and ultimate land use conditions with existing (1995) topography.

See Figures 4 and 5 for assumed existing and ultimate land use.
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Although assumed future development will increase from about 50% urbanization
(existing) to about 76% urbanization (future), the difference in computed peak flood
discharges for ultimate and existing land use conditions, computed along the Mission
Inlet Floodway, generally appear less than 5%. This slight difference could be
attributed the assumed portion of the watershed to be preserved for agricultural land
use. The estimated loss rates (infiltration) for irrigated cropland are only slightly
less than those for residential (urbanized) land use (see Chapter I, Table 2 -
Composite SCS Curve Numbers for Land Uses Found in the Study Area). The
percent of total urbanized and agricultural land use for existing and future conditions
is about 83% and 93% respectively. Similarly, a comparison of future and existing
undeveloped open space is about 17% and 7% respectively. This comparison of
non-urbanized areas (excluding agricultural land use) appears to compare fairly well
with the differences in computed peak discharges for existing and assumed ultimate
land use conditions.

Table 6
Major Contributing Ditch Systems
Summary of Computed Peak Flood Discharges
Existing and Ultimate Land Use Conditions (Gates Closed)

Drainage Existing Peak Discharge (cfs) Ultimate Peak Discharge (cfs)
Location Area
(sm) 10-yr | 25-yr | 50-yr | 100-yr 10-yr | 25-yr | 50-yr | 100-yr
Rado Alternate 27.0 4070 | 5410 | 6340 | 7360 4290 | 5610 | 6510 | 7520
Old Rado 3.0 620 800 940 1120 650 830 970 1150
23rd Street Ditch 15 1710 | 2070 | 2300 [ 2560 1730 | 2080 | 2310 2570
South Airport 04 160 180 190 200 160 180 190 200
Airport Ditch 14 850 930 1020 | 1110 870 960 | 1040 1140
Rancho Santa Cruz Ditch 1.5 320 350 370 400 340 360 390 410
Note:  Peak discharges are based on existing and ultimate land use conditions with existing (1995) topography.
See Figures 4 and 5 for assumed existing and ultimate land use.
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3. Hydraulic Study Results

The Mission Floodway is approximately 10 miles in length, from the levee outlet
structure to near FM 1016. The average pilot channel grade through the study area
is about 0.04%. The pilot channel is well defined with average depths of about 15
feet. Average height of levee, from the top bank of the pilot channel, is about 15
feet. A summary of computed peak flood elevations for the 10-, 25-, 50-, and 100-
year flood frequencies (along the Mission Inlet Floodway) for existing and ultimate
land use conditions, are presented in Table 7.

Table 7
Mission Floodway
Summary of Computed Peak Flood Elevations®
Existing and Ultimate Land Use Conditions (Gates Closed)

Existing Peak Flood Elevation (ft.) ( Ultimate Peak Flood Elevation (ft)
Location
10-Yr 25-Yr 50-Yr 100-Yr 10-Yr 25-Yr 50-Yr 100-Yr
Cell 12 (Mission Levee Closure 1o 96.2* 101.3* 102.7 102.4 96.9% 102.0 102.8 103.4
San Juan Canal)
Cell 13 (San Juan Canal to 23rd St) 103.2 103.9 104.3 104.83 103.3 104.0 104.4 104.9
Cell 14 (23:d St to Shary Rd) 103.7 104.3 104.6 105.2 103.7 1043 104.7 105.3
Cell 15 (Shary Rd to Rio Grande Rd) 103.9 104.5 105.0 105.6 104.0 104.6 105.1 105.5
Cell 16 (Rio Grande Rd to FM 1016) 104.2 104.8 105.4 106.0 104.2 104.9 105.5 106.1
Cell 17 (FM 1016 to Old Inlet) 109.3 110.6 111.0 1114 109.6 110.7 111.0 111.4
i. Peak flood elevations are based on existing and ultimate land use conditions with existing (1995) topography.
See Figures 4 and 5 for assumed existing and ultimate land use.
2. The computed "post-storm" flood pool is slightly above elevation 102, the minimum elevation of the Mission Levee at a
location where flood waters overflow to the Banker Floodway.,

There area nine structures, including the structure at the levee closure, crossing the
Mission Inlet Floodway. Pertinent data for each of these structures is summarized
in Table 8. The computed future fully urbanized 100-year flood will overtop the
existing roadway or embankment at six of these nine structures,
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Table 8
Mission Floodway
Summary of Structure Crossings
Ultimate Land Use Conditions (Gates Closed)

Bridge Upstream { Low Top of X-Sect QLo 100-Yr -’

Identification | Flowline™ | Chorg®™ Road™ | Area (sf) | (cts)® WSEL" Description
Mission 73.9 81.4 101.9 3225 4,000 103.5 2-75'x 7.5" and 6-7'x §* gated
Floodway Outlet box culverts
FM 2061 73.0 89.3 932 1600 11,600 103.5 Concrete Bridge w/S Piers
(Jackson Road)
San Juan 76.6 92.4 107.4 1530 12,300 104.9 Concrete Bridge w /10 Piers
Elevated Canal
SH 336 75.0 95.0 96.2 2170 12,300 104.9 Concrete Bridge w/7 Piers
(10th Street)
Old FM 336 77.0 107.0 108.9 1170 15,800 104.9 Wooden Bridge w/Piers
Spur 115 80.2 93.9 94.9 790 15,800 105.3 Concrete Bridge w/3 Pjers
(231d Street)
FM 494 87.0 101.0 160.7 640 10,800 105.6 Concrete Bridge w/3 Piers
(Shary Road)
Rio Grande Dr, 89.1 99.0 101.2 430 12,100 106.1 Concrete Bridge w/2 Piers
Union Pacific 92.9 106.6 108.6 760 16,200 106.1 Wooden Bridge w/Piers
Railroad
FM 1015 92.9 104.0 109.4 200 16,200 111.4 2-10’x 10" box culverts
(Conway Rd)
o Approximate elevations (NGVD)
@ 100-year peak discharge based on ultimate fully urbanized watershed with existing (1995) topography and gates closed at

Mission Levee closure,

@ 100-Year peak flood elevation based on existing (1995) topography, channel, and bridges/culverts.

Additional analyses were prepared for the Mission Floodway assuming no flow was
diverted to the Banker Floodway and the gates at the Mission outlet were open. A
comparison of elevation vs discharge at the Mission outlet for gates open and closed
is illustrated on Figure §,

Computed 100-year flood profiles of the Mission Floodway are presented on Figures
9 and 10 for existing and ultimate land use conditions with gates open and with gates
closed. The effect of Mission outlet gates open is most apparent at locations
downstream of the San Juan Canal. Upstream of the San Juan Canal, the effects of
the open gates is much less. This is due to the restricted conveyance of the San Juan
Canal drainage structure and the limited flood storage capacity of the Mission
Floodway. The estimated flood storage capacity of the Mission Floodway for varying
flood elevations, computed using the 1995 DTM, are presented in Appendix B,
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Assuming the Mission outlet gates are closed, the computed 100-year flood will
overtop the Mission Levee at five (5) locations including; the levee closure, McAllen
Miller International Airport, Palm View Golf Course, Cimarron Country Club, and at
a location west of FM 1016. If flow is not diverted to the Banker and the Mission
outlet gates are open, the Mission Levee will be overtopped at three (3) locations
including the Miller International Airport, Cimarron Country Club, and at a location
west of FM 1016. These locations are depicted, for existing and ultimate land use
conditions, on the flood profiles presented on Figures 9 and 10 respectively. In
addition, graphical representation of these and other potential flooding areas along the
Mission Inlet are presented on the flood plain maps and flood frequency profiles in

Appendix C of this report.

BANKER FLOODWAY

The IBWC closed the Rio Grande diversion to the Mission Floodway and constructed the
Banker Weir, following Hurricane Beulah, to permit an effective diversion of about 106,300
cfs to the Banker Floodway (Reference 13). Halff Associates conducted a cursory hydraulic
analysis of the Banker Floodway utilizing the IBWC HEC-2 hydraulic computer maodel.
Additional hydrological analysis for the Banker Floodway were not performed, for this study,
an effective flood discharge of 106,300 cfs was used for the Banker hydraulic analysis.
Assuming this is the maximum permitable flow to the Banker Floodway, the estimated
minimum freeboard (computed water surface to top of levee) is within 1 foot of the top of

levee at the Mission outlet structure.
SHARYLAND/FOREIGN TRADE ZONE

1. Description of Watershed

The Sharyland/Foreign Trade Zone study area includes the area bounded by the
Mission and Banker Levees. The total study watershed for this region includes about
16 square miles (10,240 acres). Figure 11 is a detail watershed map of the
Sharyland/Foreign Trade Zone study area.

The study area is about 89% undeveloped at this time (1995). Existing land uses
consist of approximately 17% undeveloped open space; 72% agricultural; 7%
residential; 4% business/commercial/industrial areas; and scattered public/semi-public
areas (i.e. schools, churches, etc.). According to information compiled from future
land use maps, projected development could consist of approximately 1% parks and
undeveloped open space; 1% agricultural, 44% residential, 53% business/
commercial/industrial areas; and scattered public/semi-public areas (i.e. schools,
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churches, etc.). Note, this study proposes large portions of land to be dedicated to
storm water retention (flood storage); therefore, resulting in additional open space.

2. Hydrologic Study Results
Halff Associates prepared detailed HEC-1 hydrologic computer models of the
Sharyland/Foreign Trade Zone watershed to analyze existing land use conditions and
projected future (ultimate) land use conditions. The study area was divided into
eleven (11) separate flood storage cells. Cell boundaries were generally associated
with a structure such as an elevated canal or roadway embankment. Flood storage
routing data was obtained for each cell utilizing the 1995 DTM. Elevation-storage
relationships for each cell are included in Appendix B. This information was then
used to compute peak flood elevations and flood storage at each cell for the 10, 25,
50, and 100-year flood frequencies. A summary of computed peak flood elevations,
within the Sharyland/Foreign Trade Zone, for ultimate and existing land use
conditions is presented in Table 9.
Table 9
Sharyland/Foreign Trade Zone
Summary of Computed Peak Flood Elevations
Existing and Ultimate Development Conditions
Existing Peak Flood Elevation (ft) Ultimate Peak Flood Elevation (ft)
Location
10-Yr 25-Yr 50-Yr 100-Yr 10-Yr 25-Yr 50-Yr 100-Yr

Cell 1 111.8 112.0 1121 112.1 111.8 112.0 112.1 1121

Cell 2 105.1 1053 1054 105.6 105.1 1053 105.5 105.6

Cell 3 106.2 106.3 1064 106.5 106.3 106.4 106.5 106.5

Cell 4 103.7 104.1 1042 104.4 104.1 104.3 104.4 104.6

Cell 5 105.3 105.5 105.6 105.6 105.5 105.6 105.6 105.7

Cell 6 101.7 101.9 102.1 1023 101.9 102.1 102.3 102.6

Cell 7 105.1 105.2 1053 1054 105.1 105.3 1054 1054

Cell 8 103.0 103.2 1032 103.3 103.0 103.2 1032 1033

Cell 9 100.8 101.3 101.6 102.0 101.1 101.5 101.9 102.3

Cell 10 95.6 56.1 96.3 96.5 96.0 96.3 96.5 96.7

Cell 11 925 92.9 93.1 93.3 927 930 93.2 93.5

Note: Peak flood elevations are based on existing and ultimate land use conditions with existing
(1995) topography. See Figures 4 and 5 for assumed existing and ultimate land use.
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A graphical representation of the peak flood elevations presented in Table 9 is
presented on Figure 12, Detail Study Area Overall Flood Plain Map. Additional
detail is provided on the flood plain maps in Appendix C of this report.

Although assumed ultimate development will increase from approximately 11%
urbanization (existing} to about 98% urbanization (future), a comparison of computed
flood elevations for ultimate and existing land use conditions is generally less than
0.4 feet, for the frequencies studied. This slight difference could be attributed the
amount of existing agricultural land use. The estimated loss rates (infiltration) for
irrigated cropland are only slightly less than those for urbanized land use (see Chapter
I, Table 2 - Composite SCS Curve Numbers for Land Uses Found in the Study
Area). The percent of total urbanized and agricultural land use for existing and future
conditions is about 83% and 99% respectively. Similarly, a comparison of existing
and future undeveloped open space is about 17% and 1% respectively. Thus, the
actual difference in total potential runoff is not as great as the difference in existing
and ultimate per cent urbanization may indicate.

In addition, this slight difference in computed flood elevations can be attributed to the
flood storage capacity of each drainage cell at shallow depths. Comparisons of
existing and ultimate ponding elevations and associated flood storage for the 10-, 25-,
and 100-year flood frequencies are presented in Tables 10, 11, and 12 respectively.
The information presented in these tables indicate the difference in total flood storage
appears somewhat more significant than the variation in actual depth of ponding.

The results of this study indicate Cell 9 contains the greatest amount of flood storage
in comparison to the other Flood Storage Cells in the Sharyland/Foreign Trade Zone
study area. This is because excess overflow from adjacent cells drain to Cell 9.
Flood depths in Cell 9 range from 0 to 7 feet. Figure 13 is an illustration of the
variation in depths of flooding in Cell 9 for the future (assumed ultimate land use)

100-year event.
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Table 10
Sharyland/Foreign Trade Zone
Comparison of Existing and Ultimate

10-Year Ponding Elevations and Flood Storage

10-Year Peak Flood Elevation (ft) 10-Year Peak Flood Storage (ac-ft)
Location
Existing Future Difference Existing Future Difference
Cell 1 111.8 111.8 0.0 94 96 2
Cell 2 1051 105.1 0.0 76 78 2
Cell 3 106.2 106.3 0.1 280 318 38
Cell 4 103.7 104.1 04 99 137 38
Cell 5 105.3 105.5 0.2 166 222 56
Cell 6 1017 101.9 02 56 67 i1
Cell 7 105.1 105.2 0.1 261 279 18
Cell 8 103.0 103.0 0.0 182 188 6
Cell 9 100.3 101.1 03 3390 3944 554
Cell 10 95.6 96.0 04 417 502 85
Cell 11 92.5 921 0.2 195 222 27

Note: Peak flood elevations and flood storage are based on existing and ultimate land use
conditions with existing (1995) topography.

See Figures 4 and 5 for assumed existing and ultimate land use.
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Table 11
Sharyland/Foreign Trade Zone
Comparison of Existing and Ultimate
25-Year Ponding Elevations and Flood Storage

25-Year Peak Flood Elevation 25-Year Peak Flood Storage
Location (feet) (acre-feet)
Existing Future Difference Existing Future Difference
Cell 1 111.9 112.0 0.1 106 108 2
Cell 2 105.3 105.3 0.0 102 104 2
Cell 3 106.3 106.4 0.1 325 362 37
Cell 4 104.0 104.3 03 135 176 41
Cell 5 105.5 165.6 0.1 225 251 26
Cell 6 101.9 102.1 02 69 88 19
Cell 7 105.2 105.3 0.1 302 319 17
Cell 8 103.2 103.2 0.0 212 215 3
Cell 9 101.3 101.5 0.2 4355 4946 391
Cell 10 96.1 96.3 0.2 534 625 91
Cell 11 92.9 93.0 0.1 250 279 29

Note:  Peak flood elevations and flood storage are based on existing and ultimate land use
conditions with existing (1995) topography.
See Figures 4 and 5 for assumed existing and ultimate land use.
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Table 12
Sharyland/Foreign Trade Zone
Comparison of Existing and Future

100-Year Ponding Elevations and Flood Storage

100-Year Peak Flood Elevation 100-Year Peak Flood Storage
Location (feet) (acre-feet)
Existing Future Difference Existing Future Difference

Cell 1 112.1 _-[ 112.1 0.0 127 131 4
Cell 2 105.6 105.6 0.0 144 147 3
Cell 3 106.5 105.5 0.1 389 420 31
Cell 4 104 .4 104.6 02 193 218 25
Cell 5 105.6 105.7 0.1 272 286 24
Cell 6 102.3 102.6 03 125 172 47
Cell 7 1054 1054 0.0 353 364 11
Cell 8 103.3 103.3 0.0 236 239 3
Cell 9 102.1 1023 02 6192 6846 654
Cell 10 96.5 96.7 0.2 737 833 96
Cell 11 93.3 93.5 02 346 377 31
Note:  Peak flood elevations are based on existing and ultimate land use conditions with

existing (1995) topography.
See Figures 4 and 5 for assumed existing and ultimate land use.
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SINGLE OCCURRENCE FLOOD LOSSES

The estimated total property inundated by the future (assurmned ultimate land use) 100-year
flood within the study area is approximately 7,681 acres. This includes about 2,590 acres
within the Mission Floodway and about 5,091 acres between the Mission and Banker Levees.
Visual inspection of these flood plain areas indicate about 2,958 acres of 100-year flood plain

consist of agricultural cropland.

Flood profiles, developed for this project, were utilized to determine a relationship of
damageable properties to both elevation and flood frequency. The 1995 DTM was utilized
to identify flood prone properties and estimate finished floor elevations of structures.
Generally, finished floor elevations of structures were assumed about twelve (12) inches
above the elevation shown on the 1995 DTM. Finish floor elevations of some warehouses
and commercial structures were estimated as high as four (4) feet above the DTM. Criteria
for estimating floor elevations was determined from field observations.

Flood prone properties were classified as residential, warehouse, commercial, and other
(including churches, schools, and public buildings). An inventory of existing structures,
indicate that there are about 1,236 structures with estimated finish floor elevations below the
computed 100-year flood. The majority of these structures (1,085) are residential properties
in Balboa Acres located in Cell 9. Table 13 is a summary of flood plain acres and estimated
single occurrence flood losses for the 100-year flood frequency, assuming ultimate land use
conditions. All known flood prone structures are located within the Mission Floodway, Cell
9, and Cell 11. Flooding at these locations include the residential neighborhoods of Cimarron
Country Club, Balboa Acres, and properties located along Jackson Road. The greatest
concentration of warehouse and commercial flooding occurs within the Foreign Trade Zone.

A summary of the estimated number of structures with finish floor elevations below the
computed 10-, 25-, 50-, and 100-year flood frequencies, for ultimate land use conditions, is
provided in Table 14. As many as 955 residential structures, located in the Cimarron Country
Club and Balboa Acres, are susceptible to the 10-year flood event, assuming ultimate
development. The computed existing 10-year flood elevations at Cimarron and Balboa are
less than 0.05 feet and 0.2 feet lower than computed ultimate flood elevations. Thus, the
difference in the number of structures with estimated finish floor elevations below the existing
and ultimate 10-year flood is within the accuracy of the assumption and subsequent results

of this study.
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Summary of 100

Table 13
-Year Single Occurrence Flood Losses

Ultimate Land Use Conditions

Total Cropland Number of Structures in F lood Zone ﬁ{
Location FI(E:SI.::; i th:i.g; in Residential Warehouse Commercial Otherj
Mission 2590 160 75 0 0 0 -]
Floodway
Cell 1 118 118 0 0 0 0 7
Cell 2 110 110 0 0 0 0
Cell 3 419 298 0 0 0 0
Cell 4 158 150 0 0 0 0
Cell 5 179 67 0 0 0 0
Cell 6 181 181 0 0 0 0 T
Cell 7 237 195 0 0 0 0 "
Cell 8 196 115 0 0 0 0 7
Cell 9 2715 1079 1085 18 47 5
Cell 10 540 365 0 0 0 0
Cell 11 238 120 6 0 0 0
Total 7681 2958 1166 18 47 5 1

Note:  Peak flood elevations are based on u
See Figure 5 for assumed ultimate Ia
Flood prone properties were classified
churches, schools, and public buildings

Itimate land use conditions with exi

nd use.
as residential, warehouse, commercial, and gther (including

).

sting (1995) topography,
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SECTION 1V
ALTERNATIVE IMPROVEMENTS
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I1V. ALTERNATIVE IMPROVEMENTS

GENERAL

Conceptual design improvements were prepared to help alleviate flooding and the
subsequent potential damages. Improvements along the Mission Floodway include
modifications to the existing levee to help prevent overtopping and alleviate flooding of
residential properties. Basic design criteria within the Sharyland/Foreign Trade Zone was
to provide adequate flood storage for the future (ultimate land use conditions) 100-year
frequency flood. Proposed sump storage arcas were generally located at natural low areas
in non-urban areas in an attempt to minimize disruption to the land and to avoid major
utility crossings. A summary of required flood storage for areas within the
Sharyland/Foreign Trade Zone are presented in Table 15.

Table 15
Sharyland/Foreign Trade Zone
Summary of 100-Year Peak Storage Requirements for Ultimate Land Use Conditions

100-YEAR PEAK STORAGE REQUIREMENT
DRAINAGE AREA AREA AREA PEAK STORAGE STORAGE/ACRE
{sm) (ac) (ac-ft) {ac-ft/ac)

Cell 1 0.67 429 313 073

Cell 2 1.26 806 586 0.73

Cell 3 236 1510 1205 0.80

Cell 4 0.69 442 364 0.82

Cell 5 1.06 678 558 0.82

Cell § 0.58 371 311 034

Cell 7 1.83 1172 922 0.79

Cell 8 0.59 378 293 0.78

Cell 9 4.80 3072 2441 0.79

Cell 10 159 1018 835 082

Cell 11 0.75 480 377 0.79

Total 16.18 10355 8201 0.80 acre-ft / acre
Note: Flood storage requirements are based on ultimate fully urbanized watershed with existing (1995) topography.

See Figure 5 for assumed ultimate developmient.




B.

MISSION FLOODWAY IMPROVEMENTS

1.

Mission Floodway Emergency Spillway

The computed future 100-year flood will overtop the Mission Levee at five
locations, assuming the Banker Floodway is flowing full and the Mission outlet
gates are closed. The Federal Emergency Management criteria for levees requires
a minimum three (3) feet freeboard above the 100-year flood. Proposed levee
modifications are depicted for each of these five locations on Figure 14,

In order to prevent the Mission Levee from breaching, during the 100-year event,
an adequate emergency spillway is needed. A proposed 800 foot length rock lined
emergency spillway will be required to convey the future 100-year flood, assuming
gates closed. The proposed spillway crest shall be constructed at elevation 102 feet,
the IBWC regulated flood elevation of the Banker floodway at the proposed spillway
location is about 101 feet. In addition, about 3,000 linear feet of the existing levee
will be raised to elevation 105 feet. Note, the purpose of these improvements is to
protect the levee from breaching, not to alleviate flooding of properties.

A conceptual illustration of the Mission Floodway Emergency Spillway is presented
on Figure 14, The estimated construction cost of these improvements is about
$2,033,000. An itemized statement of probable cost is provided in Appendix E.

Mission Floodway Relief Flood Storage

An alternative plan to the aforementioned proposed Mission Floodway Emergency
Spillway, is to provide adequate flood storage at a location upstream of the Mission
outlet. In order to retain the ultimate 100-year flood (assuming outlet gates are
closed) to below elevation 103.5 feet, an additional 5,660 acre-feet of flood storage
are needed. One possible location for this proposed retention pond is within Cell
11. Construction of a 13 foot high levee located just west of Jackson Road and
excavation of about 1.6 million cubic yards of material will provide approximately
5,660 acre-feet of flood storage, at an elevation of about 103 feet. In addition, about
3,000 linear feet of the existing levee will be raised to elevation 105 feet,

A conceptual illustration of the Mission Floodway Relief Flood Storage is presented
on Figure 15. The estimated construction cost of these improvements is about
$7,108,000. An itemized statement of probable cost is provided in Appendix E.
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A second possible alternative location for flood storage is within the existing
Mission levees. Approximately 5,660 acre-feet of flood storage could be obtained
by excavating an average depth of about 2.5 feet throughout an area of 2,260 acres.
This would require excavation along the entire floodway, excluding the Palm View
Golf Course and Cimarron Country Club.

3. Mission Levee Reconstruction at Cimarron Country Club

Modifications of the south Mission levee at Cimarron Country Club are needed to
help alleviate flooding to approximately 75 residential structures and to prevent
Mission flood waters from exiting the floodway. The estimated lowest finished floor
elevation (assumed elevation 12" above the 1995 DTM) at Cimarron is about 104
feet. The computed ultimate 100-year flood elevation at Cimarron is approximately

105.6 feet.

One possible solution to reduce the flooding at Cimarron, is to direct flood waters
around the Cimarron development. This would include construction of a relief
spillway just upstream of Rio Grande Drive and an overflow floodway along the
south side of Cimarron. The proposed 340 foot wide relief spillway will convey the
computed ultimate 100-year peak flow at about 5 feet depth. Flows will be directed
along the south boundary of Cimarron where the south levee will be reconstructed
to an elevation of about 108, approximately 4 feet above existing ground elevations,
The proposed overflow floodway could be constructed as a series of linear lakes
with a minimum 250 foot bottom width, 3:1 side slopes, and 12 foot depth. A flap
gated outlet structure with an emergency manually operated backup gate will be
required downstream of Shary Road to prevent back flow into Cimarron. In
addition, a new bridge will be required where Shary Road crosses the proposed

overflow floodway.

A conceptual illustration of the Mission Levee Reconstruction at Cimarron is
presented on Figure 16. The estimated construction cost of these improvements is
about $6,371,000. An itemized statement of probable cost is provided in Appendix

E.
C. SHARYLAND/FOREIGN TRADE ZONE
1. Cell 1 Improvements (Outlet No. 1}

The Cell 1 flood storage necessary to reclaim about 70 acres of property inundated
by the future (ultimate development) 100-year flood is approximately 313 acre-feet.

IV-3



SHOLIAMNS » SHINNY 1< ¢ SLSIINIIOS » SLIILHOUY # SHIINDNG

SVXAL ‘NOISSIN NV NTTIVOW NITHINO0S 304

=) 6 AQALS ONINNVId NOLLDALO¥d d00TA SaJBIO0SSY JeH] Bal
| = HAATT HIAO0S 40 NOLLONYISNODTH
91 E@E ZOEEU J04 .HZHEEOWE HOVNIVIA Qmm,momo,ﬁm
! . o || oot e
N”__ h/ N : __ \\.\.\.m.,h s Nt
“_ ////..,../.,.f...il e ~ s “M.A $\|} og0r ATTT 01 m_m\..ﬂ. ntwhl%.uw. e %.m/v g n oww.o_ Hm\\ — f..rvqn

43
!
3
5
£
[
N

it
-0 \\ o Tt
- : O e S5
: - e 1
P 5. - .\\.\\\. - -_\
AT
) \ ¢
. \ Nt
i
| -~
oS |} <
// \\% = - .l\ . ; /\ I\.«\l- \@ Avhﬁ
e —— T e Ay B oy V- Sy I
AR N1 RS ~
S AHINNOD > .
R P NOYYVAID - !
S = |
- =TT AVATIdS 43173y
— [o%E
. 2 - Z
. . Q0TI |5 AN
N i B I (EUNES T s 301 AL
W7 re——y _ \I!.‘.l‘\?._\ I




About 131 acre-feet (ultimate 100-year flood) are currently stored in Cell 1 at a peak
elevation of 112.1 feet, the minimum top of the Mission Levee is about 111 feet.
All flows above elevation 111 feet currently spill into Mission Floodway. The
future 100-year peak flood elevation of the Mission Floodway at this location is
about 111.4 feet. Cell 1 improvements include raising the Mission levee to 113.4
feet {2 feet above the computed ultimate 100-yr flood elevation) and providing
adequate flood storage to retain all runoff within Cell 1. A flap gated 6° X 4’ box
culvert outlet structure, with a manually operated emergency backup gate, will also
be required at Outlet No. 1 to drain to the Mission Floodway.

A possible configuration of proposed sump areas and storage ditches draining to
Outlet No. 1 are illustrated on Figure 17. The estimated construction cost of these
improvements is about $2,252,000. An itemized statement of probable cost is
provided in Appendix E.

Cell 2 Improvements (Outlet No. 2)

Approximately 586 acre-feet of flood storage is required in Cell 2 to reclaim about
25 acres of property inundated by the future (ultimate development) 100-year flood.
Currently, about 147 acre-feet, for future 100-year flood, are stored at a computed
peak flood elevation of 105.6; the remaining runoff overflows to Cell 8 and
-eventually to Cell 9. Proposed Cell 2 Improvements include a 2 foot high berm
along Stewart Road and provisions for adequate sump storage to retain the future
100-year flood. A flap gated 8’ X 5’ box culvert outlet structure, with a manually
operated emergency backup gate, will also be required at Outlet No. 2 to drain to
the Mission Floodway.

A possible configuration of proposed sump areas and storage ditches draining to
Outlet 2 are illustrated on Figure 17. The estimated construction cost of these
improvements is about $4,093,000. An itemized Statement of probable cost is

provided in Appendix E.
Cells3to 9 Improvements (Qutlet No. 3)

Cells 3 thru 9 were divided into 2 improvement zones draining to Outlet No. 3 and
Outlet No. 4. Cells 3 thru § and a portion of Cell 9 drain into Qutlet No. 3, the
remaining Cell 9 (Balboa Acres and Foreign Trade Zone) drain to Outlet No. 4,
These zones are separated by a 3 foot high berm generally situated encircling the
existing developed areas of Balboa Acres and the Foreign Trade Zone.
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The flood storage necessary to reclaim about 1,820 acres of property inundated by
the future (ultimate development) 100-year flood is approximately 4,793 acre-feet,
including about 169 acre-feet from Cimarron. Note, following implementation of
the Mission Levee Reconstruction at Cimarron, the required flood storage to Outlet
No. 3 will be about 4,624 acre-feet. Outlet No. 3 improvements include the
excavation of about 7.5 million cubic yards of material for sump storage and two
proposed 10" X 10’ box culverts in addition to the existing five 4’ X 4’ box
culverts. Flap gates with manually operated emergency backup gates will be
required at all proposed and existing culverts draining to the Mission Floodway.

A possible configuration of proposed layout of sump areas and storage ditches
draining to Outlet No. 3 are illustrated on Figures 18, 19, 20, and 21, The estimated
construction cost of these improvements is about $31,340,000. An itemized
statement of probable cost is provided in Appendix E.

Cells 3 to 9 Improvements (Outlet No. 4):

The flood storage necessary to alleviate flooding of approximately 1,155 residential,
warehouse and commercial structures, located in Balboa Acres and the Foreign
Trade Zone, currently inundated by the future 100-year flood is approximately 1,470
acre-feet. Proposed improvements draining to Outlet No. 4 include the excavation
of about 2.4 million cubic yards of material for sump storage and a proposed 10° X
107 box culvert outlet structure, In addition, a flap gate with manually operated
emergency backup gate will be required at the outfall to Qutlet 4.

A possible configuration of proposed layout of sump areas and storage ditches
draining to Outlet No. 4 are illustrated on Figures 19, and 20. The estimated
construction cost of these improvements is about $10,147,000. An itemized
statement of probable cost is provided in Appendix E.

Cell 10 Improvements (Outlet No. §):

Cell 10 improvements are bounded by the McAllen Main Canal and the San Juan
elevated canal. The total flood storage necessary to reclaim about 100 acres of
property inundated by the future (ultimate development) 100-year flood is
approximately 780 acre-feet. Proposed improvements draining to Outlet No. 5
include the excavation of about 1.3 million cubic yards of material for sump storage.
A flap gated 10" X 6 box culvert outlet structure, with a manually operated
emergency backup gate, will also be required at Outlet No. 5 to drain to the Mission

Floodway.
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A possible configuration of proposed layout of sump areas and storage ditches
draining to Qutlet No. 5 are illustrated on Figure 22. The estimated construction
cost of these improvements is about $5,667,000. An itemized Statement of probable
cost is provided in Appendix E.

Cell 11 Improvements (Outlet No. 6):

Cell 11 improvements are bounded by the San Juan elevated canal and the Mission
and Banker levees. The total flood storage necessary to alleviate flooding of
approximately 6 residential structures, located along Jackson Road, and reclaim
about 180 acres of property, inundated by the future (ultimate development) 100-
year flood, is approximately 377 acre-feet. Proposed improvements draining to
Outlet No. 6 include the excavation of about 607,000 cubic yards of material for
Sump storage. A flap gated 6’ X 4’ box culvert outlet structure, with a manually
operated emergency backup gate, will also be required at Outlet No. 6 to drain to

the Mission Floodway.

A possible configuration of proposed layout of sump areas and storage ditches
draining to Outlet No. 6 are illustrated on Figure 23. The estimated construction
cost of these improvements is about $2,756,000. An itemized Statement of probable

cost is provided in Appendix E.




NSO 1740

INITIVOW 40 ALID SVXAL ‘NOISSIN NV NITIVOW NYIHLNOS d¥0d BEE
_ BIDOS
| \\N XANIS HDNINNVId NOILIDALONd JOO0TA SIJBI0SSY JJT8H wa
W O-TIZD Y04 SINAWAAQYIWI AODOVNIVIA dASOJOYd
€ MANOIA
,, Lo 3l s
\\e R N xq_%mbbwatmxzﬂm M . m._&wﬂ_mw”mho
EEEs s ne e ol J!
>

Fl SN
j 39VH0LS [L[L JJ_@@,\.

: - -
"0D, e

082 .-

'

‘.,. .++

(A 00NN
14 340y LiE
- 08T
LH3AMND
X049 Q31v9 .

o g oN
-] 137100 "doyd |,

NOILIASX
dAMS HVYINT
WAL

Q01
P

4

SUDAFANNS # SUINNY Id » SLSUNBIIS « SLIALHINY » SUTINON,




SECTION V
RECOMENDATIONS



V. RECOMMENDATIONS

PRIORITY RECOMMENDED STRUCTURAL IMPROVEMENTS

Based on the results of this study, the need to address imminent flood damages to
property and structures, and a review of the various improvement plans (described in
detail in Chapter IV), Halff Associates’ initial recommendations include implementation
of flood damage reduction improvement plans in the following order of priority:

1. Mission Levee Reconstruction at Cimarron Country Club

Modifications of the south Mission levee at Cimarron Country Club are needed
to help alleviate flooding to approximately 75 residential structures and to prevent
the Mission flood waters from exiting the floodway. Re-directing flood waters
around the Cimarron development would include construction of a relief spillway
just upstream of Rio Grande Drive and an overflow floodway along the south side
of Cimarron. The proposed 340 foot wide relief spillway will convey the
computed ultimate 100-year peak flow at about 5 feet depth. Flows will be
directed along the south boundary of Cimarron where the south levee will be
reconstructed to an elevation of about 108. The proposed overflow floodway
could be constructed as a series of linear lakes with a minimum 250 foot bottom
width, 3:1 side slopes, and 12 foot depth. A flap gated outlet structure with an
emergency manually operated backup gate will be required downstream of Shary
Road to prevent back flow into Cimarron. In addition, a new bridge will be
required where Shary Road crosses the proposed overflow floodway. The
estimated construction cost of these improvements is about $6,371,000.

2. Cells 3 to 9 Improvements (QOutlet No. 4):

Approximately 1,470 acre-feet of flood storage is required to alleviate flooding of
approximately 1,155 residential, warehouse and commercial structures, located in
Balboa Acres and the Foreign Trade Zone, currently inundated by the future 100-
year flood. Proposed improvements draining to Outlet No. 4 include the
excavation of about 2.4 million cubic yards of material for sump storage and a
proposed 10° X 10" box culvert outlet structure. In addition, a flap gate with
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manually operated emergency backup gate will be required at the outfall to Qutlet
4. The estimated construction cost of these improvements is about $10,147,000.

B. OTHER RECOMMENDED STRUCTURAL IMPROVEMENTS

Raising the Mission Levee

Halff Associates recommend the Cities consider raising the existing levee, in
accordance with FEMA criteria, at the all locations where the computed future
100-year flood will overtop the Mission Levee. According to FEMA "Riverine
levees must provide a minimum freeboard of three feet above the water surface
level of the base flood. An additional one foot above the minimum is required
within 100 feet in either side of structures (such as bridges) riverward of the levee
or wherever the flow is constricted. An additional one-half foot above the
minimum at the upstream end of the levee, tapering to not less than the minimum
at the downstream end of the levee, is also required.” (Reference 20).

Mission Floodway Emergency Floodway

In order to prevent the Mission Levee from breaching, during the 100-year event,
an adequate emergency spillway is needed. A proposed 800 foot length rock lined
emergency spillway will be required to convey the future 100-year flood,
assuming gates closed. In addition, about 3,000 linear feet of the existing levee
will be raised to elevation 105 feet. Note, the purpose of these improvements is
to protect the levee from breaching, not to alleviate flooding of properties. The
estimated construction cost of this improved spillway is about $2,033,000.

C. GENERAL WATERSHED RECOMMENDATIONS

1.

To minimize land erosion and the subsequent sediment loading and siltation in the
channels, the Cities should consider requiring large construction projects to be
phased to limit the land area that is bare at any one time. Vegetation should be
left undisturbed wherever possible. Graded areas should be replanted as soon as
possible, and mulches should be used during periods that are not suitable for
replanting. Hay bales and/or silt fences should be properly located and included
in general construction plans and specifications.



Halff Associates recommends that the Cities inspect all existing and future
channels periodically to identify potential stream obstructions before they occur.
Periodic inspections should identify City controlled floodway areas in which
siltation has decreased the flood-storage capacity of the channel and culverts.

Halff Associates recommend the Cities replace all gated outlet structures to the
Mission Floodway with operable flap gates and emergency backup gates. Periodic
inspections of these structures is also recommended.

City flood plain zoning maps should be revised to correspond to the revised
100-year flood delineation at the appropriate time.

Stream crossings that are hazardous during floods with a return period of 100
years or less, should be marked with a active or passive flood warning system.
Passive warning systems are feasible on lightly travelled streets where motorists
are familiar with the area and at crossings with minor flooding. Active flood
warning systems are necessary on heavily travelled thoroughfares. Guardrails
should be installed at hazardous crossings subject to flooding. Guardrails are also
useful in indicating the edge of the trafficable road surface to pedestrians and
motorists, where flood waters may mask the location of the road surface.

The Cities should continue with its present policy of monitoring new development
and requiring developers to submit a detailed drainage study of existing (pre-
development) and post-development conditions with corresponding hydrologic
and/or hydraulic computer models. Halff Associates also recommends the City
require an analysis for a full range of flood frequency events (minimum of 2-, 5-,
10-, 25-, 50-, and 100-year flood events), this especially important in the
development of an effective detention pond design.

The Cities should encourage homeowners subject to flooding to participate in the
National Flood Insurance Program. Although flood insurance does not prevent
damages from occurring, the purchase of flood insurance could provide some
monetary relief from expensive flood damages.
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UPDATING HYDROLOGIC AND HYDRAULIC COMPUTER MODELS

Included in this report are the computer data diskettes containing the hydrologic and
hydraulic computer models used in the production of this report. These baseline models
will enable the City Engineering staff to predict effects of anticipated changes in Jand use
and/or watershed characteristics upon flood levels using an IBM or compatible Personal
Computer. Halff Associates recommends that the Cities require developers to provide
updated "as-built" hydrologic and hydraulic computer models as channel and/or flood

plain conditions are modified.

Generally, the HEC-1 hydrologic computer model used in this report should be applicable
for a fully developed watershed, provided development occurs as predicted by the future
land use maps of the cities within the watershed. Halff Associates recommends the City
consider updating the hydrologic and hydraulic computer models prepared for this study

a minimum of every five (5) years.
FLOOD PLAIN MANAGEMENT POLICIES

Halff Associates recommends that the Cities consider adopting a flood plain management
policy that would require all new developments within the Sharyland/Foreign Trade Zone
provide a minimum of 0.8 acre-feet of flood storage for every one acre of development.

It is further recommended that the Cities formally adopt the flood levels shown in this
report for their flood plain management program.




APPENDIX A
Drainage Area Map
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APPENDIX B
Elevation-Storage Tables
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APPENDIX C
Flood Plain Maps
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APPENDIX D
SCS Curve Number Computations



CLIENT: City of McAllen

PROJECT: McAllen Drainaga Study

HALFF ASSOCIATES, INC,

4000 Fossil Creek Boulsvard

Fort Worth, Texas 76137
817-847-1422

COMPARISON OF EXISTING VS FULLY DEVELOPED
S$CS CURVE NUMBER

CNEXIST.XLS 12/14/95 7:39 PM

Area Area Existing Area Area Fully
Number (sq. mi.) Conditions Number {sq. ml.) Urbanized | Difference
CN CN

Mi-1 0.49 74.9 Mi-1 0.49 74.8 0.0
Mi1-2 0.62 74.9 Ml-2 0.62 74.9 0.0
Mi-4 0.34 77.0 MI-4 0.34 77.0 0.0
MI-5 0.13 77.0 MI-5 0.13 77.0 0.0
MI-6 0.80 78.1 MI-6 0.80 78.1 0.0
M1-7 0.77 83.8 Mi-7 0.77 83.8 0.0
MI-8 0.57 81.1 Mi-8 0.57 811 C.0
Mi-9A 0.39 84.4 MI-SA 0.39 88.0 3.7
MI-9B 1.01 76.1 MI-9B 1.01 B83.6 7.5

MI-9C 0.29 83.0 MI-9C 0.28 83.0 0.0
MI-10A 0.54 83.2 Mi-10A 0.54 83.2 0.0
MI-108 0.42 77.0 MI-108 0.42 77.0 0.0
Mi-10C 0.35 84.0 Mi-10C 0.35 84.0 0.0
MI-100 0.54 78.0 MI-100 0.54 78.0 0.0
MI-11A 1.25 77.9 MI-11A 1.25 81.2 3.3

MI-11B 1.50 77.0 MI-11B 1.50 77.0 0.0
Mi-13 0.73 76.5 MI-13 0.73 80.4 3.9

Mi-14 0.94 80.2 Mi-14 0.94 82.6 2.4
MI-15 1.17 B2.4 MI-15 1.17 82.4 0.0
MI-18 0.62 71.8 MI-16 0.62 78.1 6.3
MI-17 0.386 82.6 Ml-17 0.38 83.3 0.7

MI-18 3.18 82.4 Mi-18 3.19 B2.4 0.0
MI-19 0.47 83.0 MI-19 0.47 83.0 0.0
M!-20 0.37 81.0 MI-20 0.37 85.3 4.4
MS-1 0.37 72.6 MS-1 0.37 80.3 7.7

MS-2A 0.53 88.5 MS-2A 0.53 88.5 0.0
Ms-28 0.82 80.1 MS-28 0.82 80.1 0.0
MS-2C 1.38 79.8 MS-2C 1.39 79.8 0.0
MS-3A 0.82 82.0 MS-3A 0.82 84.3 23

MS-3B 0.68 75.7 MS-3B 0.68 78.8 3.1

MS-4A 0.70 79.1 MS-4A 0.70 79.1 0.0

M5-4B 0.54 78.1 MsS-4B 0.54 78.1 0.0
MC-1A 1.39 85.1 MC-1A 1.39 88.3 3.2
MC-1B 1.52 72.5 MC-18 1.851 78.2 5.7

MC-1C o.21 74.8 MC-1C 0.21 79.4 4.6
MC-1D 0.07 66.2 MC-1D 0.07 76.3 10.2
MC-2A 0.82 85.8 MC-2A 0.82 g5.6 0.0
MC-2B 0.37 90.6 MC-28B 0.37 90.6 0.0
MC-3 0.60 80.2 MC-3 0.60 81.2 1.0




CLIENT: City of McAllen

PROJECT: McAillen Drainage Study

HALFF ASSOCIATES, INC.

4000 Fossil Creek Boulevard

Fart Worth, Texas 76137
B817-847-1422

COMPARISON OF EXISTING VS FULLY DEVELOPED
SCS CURVE NUMBER

CNEXIST.XLS 12/14/95 7:39 PM

Area Arsa Existing Area Area Fully
Number {sq. mi.) Conditions Number {sq. mi.) Urbanized | Difference
CN CN
MC-4A 2.02 74.8 MC-4A 2.02 82.7 7.8
MC-4B 0.42 80.3 MC-4B 0.42 B84.5 4.2
R-2 0.42 78.8 R-2 0.42 79.8 1.0
R-3 0.10 75.3 R-3 0.10 75.3 0.0
R-4 0.41 81.0 R-4 0.41 81.0 0.0
R-5A 0.13 73.7 R-BA 0.13 78.3 4.6
R-58 0.23 72.2 R-568 0.23 72.2 0.0
R-6 0.82 73.9 R-6 0.82 77.9 4.0
R-9 2.50 75.8 R-9 2.50 78.7 2.9
R-10 0.64 73.6 R-10 0.64 78.7 5.1
R-11 0.87 77.7 R-11 0.87 78.7 1.0
R-13 2377 6%.9 R-13 2.77 76.5 6.5
R-14 0.32 66.8 R-14 0.32 76.3 9.5
R-15 1.85 741 R-15 1.85 74.7 0.6
E1 0.26 73.6 E1 0.26 73.6 0.0
E2 0.49 721 E2 0.49 73.2 1.1
E3 0.44 69.4 ° |E3 0.44 70.3 0.9
E4 0.14 77.2 E4 0.14 77.2 c.0
ES 0.35 71.5 ES 0.35 71.5 0.0
E6 o.21 749 EB 0.21 74.9 0.0
E7 0.34 761 E7 0.34 76.1 0.0
ES 0.19 76.0 E8 0.19 76.0 0.0
E9 0.22 84.5 ES 0.22 84.5 0.0
E10 0.25 78.0 E10 0.25 78.0 0.0
E11 0.19 56.0 E11 0.19 76.3 20.3
E12 0.15 €61.4 E12 0.15 76.8 15.4
E13 0.17 57.C0 Et3 0.17 76.8 19.8
Et4 2.52 749 E14 2.52 75.2 0.3
Ei5 0.50 73.3 E15 0.50 76.0 2.7
E16 2.24 701 E16 2.24 71.8 1.4
E17 0.27 76.5 E17 0.27 76.5 0.0
E18 0.56 74.3 £18 0.56 74.3 0.0
E18 0.36 791 E18 0.36 79.3 0.2
E20A 2.05 76.9 E20A 2.05 76.8 0.0
E208B 1.24 75.8 £20B 1.24 76.0 0.2
E21 0.10 82.4 E21 0.10 82.4 0.0
E22 1.53 81.2 £22 1.53 83.3 2.1
E23 0.52 76.8 E23 0.52 82.9 6.3
E24 0.28 81.7 E24 0.28 81.7 0.0
E25 0.25 73.7 E25 0.25 81.5 7.8




CLIENT: City of McAllen

PROJECT: McAllen Drainage Study

HALFF ASSOCIATES, INC.

4000 Fossil Creek Boulevard

Fort Worth, Texas 76137
817-847-1422

COMPARISON OF EXISTING VS FULLY DEVELOPED
SCS CURVE NUMBER

Area Area Existing Area Aroa Fully
Number (sq. mi.} Conditions Number (sq. mi.) Urbanized | Ditference
CN CN

E26 0.24 84.4 E26 0.24 84.4 0.0
E27 0.26 76.3 E27 0.26 76.3 0.0
ES1 0.51 82.7 ES1 0.51 82.7 0.0
Total 69.1 Total 69.1

TZ-1 0.75 B1.7 TZ-1 0.75 87.8 6.1
TZ-2 0.68 83.2 TZ-2 0.68 92.9 9.7
T2-3 0.91 81.2 TZ-3 0.91 8985 8.2
TZ-4 0.61 79.8 TZ-4 0.61 88.8 9.0
TZ-5 1.74 82.7 TZ-5 1.74 B5.0 2.3
TZ-6A 0.57 83.0 TZ-6A 0.57 89.6 6.6
TZ-68 0.64 84.0 TZ-68 0.64 92.5 8.5
TZ-6C 0.58 84.5 TZ-6C 0.58 92.6 8.1
TZ-6D 0.18 88.8 T2-6D 0.18 91.5 2.7
TZ-6E 0.51 84.7 T2-6E 0.51 92.8 B.1
TZ-6F 0.55 76.8 TZ-6F 0.55 89.8 13.0
T2-7 0.689 77.2 T2-7 .69 90.5 13.3
TZ-8 2.36 79.4 TZ-8 2.36 89.1 9.7
TZ-9 1.06 80.0 TZ-9 1.06 81.3 11.3
TZ-10A 1.83 82.8 TZ-10A 1.83 88.0 8.1
TZ-108B 0.59 83.2 TZ-108 0.59 86.8 3.6
TZ-11A 0.67 80.3 TZ-11A 0.67 82.6 2.3
TZ-11B 1.03 80.0 TZ-118 1.03 B1.4 1.4
TZ-11C 0.23 84.5 TZ-11C 0.23 86.2 1.7
Total 16.18 16.18

CNEXIST.XLS 12/14/95 7:39 FM




HALFF ASSOCIATES, INC.
4000 Fossil Creek Boulevard
Fort Worth, Texas 76137
817-847-1422

CLIENT: City of McAllen DATE: 12/95
AVO: 14191
PROJECT: McAllen Drainage Study FILE: MASTER
EMP: ES,DW,MM
MISSION FLOODWAY DRAINAGE AREA- FULLY DEVELOPED CH

LAND USE FOR AREA NUMBER

SUMMARY
Drainage  Future iy 3 e :-; K] 3 |
- = ] g 2 g

N:rr:l:er Area  Contitions 'g 'fg E ;‘; E . o ] _._3 ~ = .:- -§

wom) o | £ £ g3 Eg 3 E g3 3E £ 2 2 o

£ e 2|85 58| & 28 &8 3 3 3 3

MI-1 0.49 74.9 0 4] 4] 0 o} o} 314 31 o] 282
MI-2 0.62 74.9 0 0 0 0 0 W) ] 397 40 o] 357
Mi-4 0.34 77.0 4] 0 ) 0 0 0 ¢} 217 o] o] 217
Mi-8 0.13 77.0 0 0 o] 0 0 0 o] 83 o} [o] B3
MI-6 Q.80 78.1 0 o] 0 0 0 4] 269 243 26 o] 486
MI-7 0.77 83.8 237 0 Q 0 256 0 0 o) 99 ¢] 394
MI-8 Q.57 81.1 363 (o] Q o) 4] 0 0 o] 185 o] 168
MI-9A 0.39 88.0 62 o] 89 23 76 0 0 o) 62 Q 187
MI-88 1.01 83.6 275 [¢] 65 65 242 0 0 o] 323 0 323
MI-9C 0.29 83.0 o] o] o] o} 186 0 0 e] 37 Q 149
MI-10A 0.54 83.2 o} 4] o 4 342 0 0] o) 69 0 277
MI-108 0.42 77.0 0 0 o] o) 269 o] [¢] o] 215 0 54
Ml-10C 0.35 84.0 0 o] o) o] 224 0 0 o) 22 4] 202
MI-10D 0.54 78.0 0 0 o) o) 3486 ] o] v} 242 0 104
MI-11A 1.25 81.2 640 o] 0 o] 160 8] 4] 0 400 o} 400
MI-11B 1.50 77.0 0 0 o] o] 860 o] 0 ¢ 768 0 192
MI-13 0.73 80.4 449 o o] 0 19 o [¢] 0 280 0 187
MI-14 0.94 82.6 247 0 o] ] 355 0 o] o 180 0 421
MI-15 1.17 82.4 15 o] o) 0 734 o] 0 0 150 150 449
MI-18 0.62 78.1 2 64 o] o) 12 o] 0 0 288 20 79
MI-17 Q.36 83.3 0 98 e} o) 133 [¢] 4] Q 35 0 196
Mi-18 3.19 82.4 148 63 [») o) 1,830 Q 4] 4 510 102 1,429
MI-18 0.47 83.0 32 184 Q o] 75 Qo Q ¢ a5 15 241
Mi-20 0.37 85.3 158 79 Q o] (W] ] 0 ¢ 0 47 189
MS-1 0.37 80.3 188 Q Q 43 0 o] 0 o} 213 Q 24
MS-2A 0.53 88.5 51 4] o] 237 v} 51 0 0 170 o] 170
MS-28 0.82 80.1 346 0 Q 131 0 o] 4] Q 472 Q 52
Ms-2C 1.39 79.8 632 0 o] 178 o] B8Q 0 o) 801 4] 89
MS-3A 0.82 84.3 333 G 192 0 ] [s] 0 o} 367 [4] 187
MS-3B 0.68 78.8 337 [+] 39 20 0 21 0 0 392 o] 44
MS-4A 0.70 79.1 341 0 0 86 o] 0 0 4286 o] 22
MS-48 0.54 78.1 321 0 0 0 [s] 24 ] 0 276 0 69
MC-1A 1.39 88.3 80 0 160 569 o} 80 o] 4] 801 0 Bg
MC-1B 1.51 78.2 851 0 0 48 o} 0 €3 4] 773 o] 193
MC-1C 0.21 79.4 134 0 o] 0 o) 0 0 0 94 0 40
MC-1D 0.07 76.3 45 0 [4] 0 0 0 0 [o] 45 o] s}
MC-2A 0.82 85.6 173 0 302 4] o) 14 a5 o] 2386 0 288
MC-28 0.37 g90.6 0 0 237 0 o] 0 0 0 180 o] 57

CNFUT.XLS 12/14/85 7:45 PM




HALFF ASSOCIATES, INC.
4000 Fossil Creak Baulavard
Fort Worth, Texas 76137
817-847-1422

CLIENT: City of McAllen DATE: 12/95
AVO: 1419
PROJECT: McAHen Drainage Study FILE: MASTER
EMP: ES,DW,MM
MISSION FLOODWAY DRAINAGE AREA- FULLY DEVELOPED CH

LAND USE FOR AREA NUMBER

SUMMARY
Drainage  Future :.', E.', P E s H .§_
N:::er Area Contitions f:: —‘é' g? g N e g - % -E §
bamid N} o2 3 f2|ef FE| 2 5: :E & | 2 ¢ 2
o g 32 |85 5851 & 28 E3 5 A b @
MC-3 0.60 81.2 150 0 77 61 0 31 65 0 307 o 77
MC-4A 2.02 82.7 931 0 0 362 0 0 0 0 1,034 0 259
MC-4B 0.42 84.5 170 0 0 a9 o] o} o] o] 180 0 89
R-2 0.42 79.8 172 o Y 59 o] 0 38 172 215 o 54
R-3 0.10 75.3 Q 0 Q 0 0 0 64 0 19 0 45
R-4 0.41 81.0 167 0 o] 59 0 0 36 0 197 0 66
R-5A 0.13 78.3 40 0 0 23 0 0 2Q 0 78 0 8
R-5B 0.23 72.2 49 0 ] 23 Q 0 77 o] 140 0 7
R-6 0.82 77.9 378 0 o] 42 0 42 63 0 420 0 105
R-9 2.50 78.7 1,200 0 0 320 o] 0 80 0 1,600 0 o
R-10 0.64  78.7 307 o] 0 82 0 o] 21 0 410 0 0
R-11 0.87 78.7 5156 0 0 53 o] 53 0 0 528 0 93
R-13 2.77 76.5 461 576 0 160 452 124 o] o] 1,596 o] 177
R-14 0.32 76.3 205 0 0 ¢ o] 0 o] c 206 ] 4]
R-15 1.85 74.7 426 618 s} 0 142 o] 0 0 1,066 0 118
E1 0.26 73.6 83 o 0 17 17 0 50 83 186 0 0
E2 0.49 73.2 53 130 o] 0 61 70 o] 0 304 0 9
E3 0.44 70.3 0 253 0 0 0 0 28 o] 282 0 o]
E4 0.14 77.2 47 ¢} 0 21 o] 0 21 0 85 o] 5
ES 0.3% 71.5 146 0 (o} 0 o] 0 78 o] 224 0 (o]
E6 0.21 74.9 121 0 o] 0 o] 0 13 0 134 o] o]
E7 0.34 76.1 187 [} 0 o] ] 31 0 0 207 0 LA
E8 0.19 76.0 116 0 0 0 o] 6 0 0 122 0 [+}
E9 0.22 84.5 28 0 [ 85 0 28 0 o] 141 G 0
E10 0.25 78.0 128 0 +] 0 32 0 0 0 128 ¢ 32
E1 0.19 76.3 122 0 0 o] o] 0 0 0 122 122 0
E12 0.15 76.8 96 0 0 o 0 0 o 0 9N 91 5
£13 0.17 76.8 109 0 0 0 0 0 0 0 103 103 5
E14 2.52 75.2 667 474 0 0 473 0 0 0 1,452 1,452 32
E15 0.50 76.0 305 o) o] 0 0 0 16 0 310 o] 10
E16 2.24 71.6 100 1,334 0 0 0 0 0 o] 1,434 0 o]
E17 0.27 76.5 138 o) 0 17 0 0 17 0 173 o] o]
E18 0.56 74.3 39 274 o] 45 o) 0 0 0 358 o) o]
E19 0.36 79.3 185 ] 0 45 0 0 0 0 230 o o
E20A 2.05 76.9 784 164 o] 56 203 0 105 0 1,050 197 &6
E208 1.24 76.0 575 174 0 48 o] 0 0 0 794 0 0
E21 0.10 82.4 38 0 o) 26 Q Qo 0 o] 64 0 o]
€22 1.53 83.3 313 0 0 79 588 0 o] 0 C 979 o
E23 0.52 82.9 0 113 0 25 195 0 ) ] 15 251 87

CNFUT.XLS 12/14/85 7:45 PM




HALFF ASSOCIATES, INC.
4000 Fossil Creek Boulevard
Fort Worth, Texas 76137
817-847-1422

CLIENT: City of McAlien DATE: 12/95
AVO: 14191
PROJECT: McAllen Drainage Study FILE: MASTER
EMP: ES,DW,MM
MISSION FLOODWAY DRAINAGE AREA- FULLY DEVELOPED CH
LAND USE FOR AREA NUMBER
SUMMARY
Drainage  Future Y 2 .; :'; = H 3
N:::er Arsa  Contitions 'é "‘E é’ E é’ o H g - "5' g g
{sq. mi) CN 2 3 $2|e& 2| ¢ £8 & 3 = 2 =
- [ e o & o =] s © i [=} = =}
[ o« Zct |lcgo ES < £E0 & o S 9 @ 4
E24 0.28 81.7 o} 42 [¢] 3 134 [¢] o} o] 10 159 11
E25 0.25 81.5 28 o] 4] 4] 132 0 [¢] (o} 24 120 16
E26 0.24 84.4 o] V] o] ] 154 o] ] o} 0 31 123
£27 0.26  76.3 166 0 0 0 0 0 ) 0 166 o 0
ES1 Q.51 82.7 22 o) 0 0 307 Q o] 0 54 88 187
59.1
Qutside Trade Zone 16544 4648 1160 3213 0 8106 656 1165 1509 25606 3927 10036.86
% 43.8% 12.3% 3.1%  8.5% 0.0% 24.1% 1.7% 3.1% 4.0% 67.5% 10.4% 26.5%
TZ-1 0.75 87.8 240 120 o} 0 120 Q 0 0 o] o] 480
TZ-2 0.68 92.9 22 109 304 Q o] Q 0 0 22 e} 413
TZ-3 Q.91 89.5 247 0 339 Q [o] o] Q 0 92 o} 493
TZ-4 0.61 88.8 273 0 117 ¢ o] 0 (o] Q 0 o] 390
TZ-5 1.74 85.0 668 o] 319 0 o] 15 o] o] 334 4] 780
TZ-6A 0.57 89.6 172 193 o} 0 o] o} e} 0 18 o] 347
TZ-68 0.64 92,5 0 410 o] o] o] ) o} 0 41 o] 369
TZ-6C 0.58 92.6 4] 371 o] (o] o] o] o] o) 19 Q 353
TZ-6D c.18 91.5 o] 115 o} ] o] o] 0 ¢ 52 Q 63
TZ-6E 0.51 92.8 (o} 326 ] aQ 0 s} Q 0 0 0 326
T2-6F 0.55 89.8 88 224 0 0 0 40 o] 0 18 (o] 334
TZ-7 0.69 80.5 0 442 o 0 0 o) o] o} 353 0 88
TZ-8 2.36 89.1 140 1,285 v} 0 o] 4} 85 4] 453 76 982
TZ-9 1.06 91.3 4] 339 0 339 o] 0 0 o] 237 1] 441
TZ-10A 1.83 88.0 586 ] ] 586 0 o) o] 0 234 [¢] 937
TZ-108 0.59 88.8 378 0 0 v} 4] Q 0 o) o] 0 378
TZ-11A 0.67 82.5 430 0 0 0 Q 0 o] a 172 0 258
TZ-11B 1.03 81.4 659 0 0 0 0 0 o] o] 329 33 296
TZ-11¢ 0.23 86.2 147 o] 1] 0 o] o] 4] o 7 o] 140
Trade Zone Subtotal 4047.8 33935 1079 928 120 B5 85 0] 2381.9 108.5 78B67.224
% 39.1% 38.0% 10.4% B8.9% 1.2% 05% 0.8% 0.0% 23.0% 1.0% 76.0%
16.18
OVERALL 20591 4648 £095 4292 925 9226 71 1250 1509 27888 4035 17904.08
% 42.8% 9.6% 10.6% 8.9% 1.9% 19.2% 15% 2.6% 3.1% B7.9% 8.4% 37.2%

CNFUT.XLS 12/14/95 7:45 PM




HALFF ASSOCIATES, INC.
4000 Fossil Creek Boulevard

Fort Worth, Texas 76137
817-847-1422

CLIENT: City of McAllen DATE: 12/95
AVO: 14191
PROJECT: McAllen Drainage Study FILE: ASTER
EMP: W,MM
MISSION FLOODWAY DRAINAGE AREA- EXISTING DEVELOPMENT CH
LAND USE FOR AREA NUMBER
SUMMARY
" . by o -~ = - " B
Area Drainag Exl:.u:ng :g 3 § - »;3 g % 2
Number e Area  Contitions g £ &g uEa o o 5 L.é' 3 %‘ - E‘ [ o
(sq. mi.} CN 2 3 e2 EE EBB £ £E2 x££ 3 = g 2
& & 22|55 5= g 28 &8 5 8 $ P
M1 0.43 74.9 [} ] Q o] o] o] 314 N 0 282
MI-2 0.62 74.9 o] o] 0 0 0 0 0 397 40 o} 357
MI-4 0.34 77.0 o] 0] 0 o] o] 0 o 217 o] Q 217
MI-5 0.13 77.0 0 [¢] o] 0 [o} 0 o} 83 0 4] 83
M-8 0.80 78.1 o] o] 0 o] 0 o] 269 243 28 4] 486
Mi-7 0.77 B3.8 237 o} 4] o} 258 o] Q o] 99 [of 394
Mi-8 Q.57 81.1 363 (o] o] 0 o] [¢] 0 0 195 0 168
MI-9A 0.39 84.4 62 4] 62 23 39 0 o) 64 62 4] 187
M!-9B 1.01 76.1 107 o] v} o] 333 0 [o] 207 323 0 323
MI-ac 0.29 83.0 0 o} 4] Q 186 0 0 [} 37 o} 149
MI-10A 0.54 83.2 ) 0 s} 4 342 (¢} 0 0 69 [+] 277
Mi-108 0.42 77.0 4] ] o] o] 269 o] Q o] 2156 0 54
Mi-10C 0.35 84.0 4] 0 0 o] 224 0 0 0 22 0 202
Mi-10D C.54 78.0 4] o} [} o} 346 (o] [¢] 0 242 o} 104
MI-114A 1.25 77.9 100 0 a 4] 580 Q 0 120 400 [o] 400
Mi-11B 1.50 77.0 0 o] 0 0 $60 0 0 [ 768 o] 192
MI-13 0.73 76.5 282 0 o] 0 93 o] 4] 112 280 0 187
Mi-14 0.94 80.2 247 o] [+} o] 178 o} 0 177 180 0 421
MI-15 1.17 82.4 15 o] o} 0 734 0 4] o} 180 150 449
MI-16 0.62 71.8 111 €4 0 0 0 0 o] 222 238 0 159
MI-17 0.36 82,6 o 76 0 0 133 0 o] 22 35 0 196
Mi-18 3.19 82.4 149 63 0 o] 1,830 o} 0 o] 510 102 1,429
MI-19 0.47 83.0 32 194 0 [s] 75 0 0 [o] 45 15 241
Mi-20 0.37 81.0 125 o] (o] 4] 0 ¢} 76 36 25 34 177
MS-1 0.37 72.6 55 o] 0 0 119 21 o 43 213 0 24
MS-24A 0.53 88.5 51 o} 0 237 0 51 0 [¢] 170 4] 170
MS-28 .82 80.1 346 o] o} 131 0 o] Q o] 472 o} 52
MS-2C 1.39 79.8 632 [} 0 178 0 80 o] 0 801 0 89
MS-3A 0.82 82.0 333 o} 100 0 [o] 0 Q 92 276 o} 249
MS-38 0.68 75.7 337 0 Q 20 0 21 [s] 39 392 0 44
MS-4A ¢.70 79.1 341 4] (o] 86 0 (8] 0 426 0 22
MS-48 0.54 78.1 3z o] o] o} (o] 24 o] o] 276 o) 69
MC-1A 1.38 85.1 80 0 160 489 0 80 o} 80 801 0 89
MC-18 1.52 725 348 0 [s] 0 213 45 68 300 734 45 1983
MC-1C 0.21 74.8 0 o] o] o} 100 o] o] 34 94 0 40
MC-1D 0.07 66.2 22 [»] 0 0 o} 0 0 22 45 o c
MC-2A 0.82 85.6 173 0 302 o] 0 14 35 0 236 0 288
MC-28 0.37 90.6 o] 0 237 0 [+] 0 0 0 180 0 57

CNEXIST.XLS 12/14/95 7:48 PM




HALFF ASSOCIATES, INC.
4000 Fossil Creek Boulevard
Fort Worth, Texas 76137
817-847-1422

CLIENT: City of McAllen DATE: 12/95
AVO: 14131
PROJECT: McAllen Drainage Study FILE: ASTER
EMP: W,MM
MISSION FLOODWAY DRAINAGE AREA- EXISTING DEVELOPMENT CH

LAND USE FOR AREA NUMBER

SUMMARY
. . T o 3 = - g H
Area  Droinag Ex:s.ung k} = § = -g £ '§ g
Number ° Area  Contitions g [ R cE: o o 5 £ 3 K] - e ]
(sg.mi)  CN 3 3 fS3|Ef 3| & s$8 ;& 3 | o o 2
£ € 32|85 55| & 3 ES 5 3 8 &
MC-3 .60 80.2 150 0 77 61 o] 31 o] 65 307 0 77
MC-4A 2.02 74.8 504 [¢) o] 259 52 o] o] 478 1,034 0 259
MC-4B 0.42 80.3 [¢] o} 0 91 119 (o] 59 W) 180 o} 89
R-2 (.42 78.8 129 o] 0 54 54 Q o} 129 21% ] 54
R-3 0.10 75.3 o} o] Q o] 0 0 64 o] 19 [¢] 45
R-4 0.41 81.0 167 0 o] 58 o} 0 36 o] 197 0 66
R-5A 0.13 73.7 19 o 0 23 4] (o] 15 26 75 o] 8
R-58 0.23 72.2 439 o o] 21 0 0 77 o] 140 o] 7
R-6 0.82 73.9 315 o] 0 0 Q 42 63 105 420 o} 108
R-8 2.50 75.8 960 o} Q 240 160 0 80 160 1,600 o 0
R-10 0.64 73.86 328 0 o] 0 o) 4] 82 o] 410 0 0
R-11 0.97 77.7 53 4] o) 53 4863 53 o] ] 528 (o] 93
R-13 2.77 69.9 461 417 s} 0 239 124 o] 532 1,596 0 177
R-14 0.32 66.8 61 Q o] o] 51 0 [¢] a2 205 0 o]
R-15 1.85 741 426 349 [¢] o 315 0 Q 93 1,066 [¢] 118
El 0.26 73.6 83 o] 4] 17 17 0 50 83 166 [+] 0
€2 0.49 721 53 81 0 0 82 70 Q 27 304 o} 9
E3 0.44 £9.4 v 220 o) o] 23 o] v} 39 282 0 o)
E4 0.14 77.2 47 0 0O 21 Q o] 21 0 85 0 5
ES 0.35 71.85 146 0 0 o] o] [»] 78 Q 224 4] 0
E& 0.21 74.9 121 Q 0 o] 0 0 13 o 134 o) 0
E7 0.34 76.1 187 o] [+} o] 0 31 0 0 207 Q 11
E8 0.19 76.0 116 ¢ (o] (8] o) 6 o] 0 122 Q 0
E9 0.22 84,5 28 [¢] Q 85 o] 28 o] 0 141 0 0
E10 0.25 78.0 128 [} 0 0 32 0 Q 0 128 0 32
E11 0.19 56.0 Q 0 Q o [} o] 0 122 122 122 o
E12 0.15 61.4 23 0 o] o) 0 0 8] 73 91 3 B
E13 0.17 57.0 0 0 [} 0 0 o} ¢} 109 103 103 5
E14 2,52 74.9 253 474 0 o} 887 (o} 0 o] 1,452 1,452 32
E15 0.50 73.3 207 o] 0 [v] 65 0 16 33 320 0 0
E16 2.24 70.1 ] 1,334 (o] o] 0 o] 0 100 1,434 0 [o]
E17 0.27 76.5 138 0 0 17 4] 0 17 o] 173 0 o]
E18 0.56 74.3 39 274 0] 45 0 [4] o] c 358 0 (4]
E19 0.36 79.1 151 o] 0 45 34 0 C Q 230 o] 0
E20A 2.05 76.9 784 164 0 56 203 o} 105 0 1,050 197 66
E20B 1.24 75.8 443 175 0 45 126 o o] o] 794 0 (o]
Al 0.10 82.4 as 0 o) 26 o [+] [¢] o] 64 Q 0
E22 1.63 B81.2 294 o (o} o] 588 0 0 28 0 873 o
E23 0.52 76.8 o] 113 [¢] 25 114 0 4] 81 96 171 67
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HALFF ASSOCIATES, INC.
4000 Fossil Cresk Boulevard
Fart Worth, Texas 76137
B17-847-1422

CLIENT: City of McAllen DATE: 12/95
AVO: 14191
PROJECT: McAllen Drainage Study FILE; ASTER
EMP; W,MM
MISSION FLOODWAY DRAINAGE AREA- EXISTING DEVELOPMENT CH
LAND USE FOR AREA NUMBER
SUMMARY
T N 3 P = 2 3
Areg  Drainag Exis‘t!ng = = H = T: £ -§ g
Number ° Area  Contitions € € é = g e g g 5 2 - g ] o
{sq. mi.} CN 3 b= £5 (€ g £3? < EE «E 1 = 2 =
£ €  2E£185 55| & 23 ES E 3 & &
£24 0.28 81.7 0 42 0 3 134 0 o] 0 10 159 11
£25 0.25 73.7 28 0 Q 0 23 Q 0 109 24 120 16
E26 0.24 84.4 [} e} 4] 0 154 0 0 ¢ 0 31 123
E27 0.26 76.3 166 Q 4] (o] 0 0 4] [¢] 166 [s] o]
ES1 0.51 B2.7 22 4] o) 0 307 o] o} o 54 88 187
59.1
Outside Trade Zone 11969 4037.3 938 2413 0 11249 722 1224.5 5379 [25431.7 3857.7 10185.7
% 31.7% 10.7% 25% 6.4% 0.0% 29.8% 1.9% 3.2% 14.2% 67.3% 10.2% 26.9%
TZ1 0.75 81.7 4 [») (o] [¢] 279 0 0 197 0 4] 480
T2-2 0.68 83.2 26 [o] o] [¢] 334 4] Q 74 22 0 413
TZ-3 0.9 81.2 28 [4] 10 [4] 389 o] 0 155 87 o) 495
TZ-4 0.61 79.8 Q0 0 24 o} 86 o 4] 280 0 0 330
TZ-5 1.74 82.7 473 77 S0 0 312 15 o] 147 334 0 780
TZ-6A 0.57 83.0 (o) 4] Q o] 299 [4] 0 66 18 0 347
TZ-6B 0.64 84.0 0 4] [¢] o] 410 Q0 4] [o] 41 o] 363
TZ-6C 0.58 84.5 0 o] o] o] 371 o} 0 4] 19 o] 353
TZ-6D 0.18 . 88.8 o} 94 0 o] 21 0 o} 0 52 0 63
TZ-5E 0.51 84,7 0 91 Q o] 134 0 (o] 102 o) 0 326
TZ-6F 0.55 76.8 o] 0 4] s} o} 40 Q 312 18 0 334
TZ-7 0.69 77.2 0 [ 0 Q 436 0 0 ] 353 1] 83
TZ-8 2.38 79.4 83 0 2 ] 1,209 0 o) 217 453 76 982
TZ-9 1.06 80.0 10 15 (o) 0 592 o Q 61 237 0 441
TZ-10A 1.83 82.8 26 0 0 0 1,129 Q0 4] 17 234 s} a37
TZ-108 0.5% 83.2 0 0 o] o 292 4] o) 86 [¢] 0 378
TZ-11A 0.67 g80.3 o) 0 0 0 392 Q 0 37 172 o] 258
TZ-118B 1.03 80.0 -1 0 o] [4) 604 0 (o] ¢ 329 33 296
TZ-11C 0.23 84.5 0 4] (4] 4] 147 0 [¢] (o] 7 o 140
Trade Zone Subtotal 70S8.1 293 125.9 0 7434.3 54.% [} 1751 [2376.72 108.46 7869.111
% 6.8% 2.7% 1.2% 0.0% 71.8% 0.5% 0.0% 16.9% 23.0% 1.0% 76.0%
16.18
OVERALL 12674 4037.3 1221 2539 0 18684 776 1224585 7130 278084 3986.2 18055.81
% 26.3% 8.4% 2.5% 5.3% 0.0% 38.8% 1.6% 25% 14.8% §57.7% 8.2% 37.6%

CNEXIST.XLS 12/14/85 7:48 PM




APPENDIX E
Preliminary Estimates of Probable Construction Cost




ALBERT H. HALFF ASSOCIATES, INC.

4000 Fossil Creek Boulevard
Fort Worth, Texas 76137

(8171847-1422
CLENT:  City of McAllen PAGE: COST-Mi
DATE: 1285
PRQJECT: Flood Protection Planning Study BY: esfmam/ichm
for Southemn McAlien and Mission
Emergency Spillway at Mission Outlet leveo
STATEMENT OF PROBABLE COST
ITEM NO. DESCRIPTION QUANTITY UNIT PRICE AMOUNT
1 Compacted Select Fill 14,000 cYy $10.00 $140,000
2 Rock Riprap 11,450 cYy $90.00 $1,030,500
3 Grouted Rock Rip rap 10,080 sY $50.00 $504,000
4 Seeding 20,000 sy $1.00 $20,000
5 0 sY $0.00 $0
6 0 cY $0.00 $0
7 4] EA $0.00 30
8 0 EA $0.00 $0
9 0 EA $0.00 $0
10 o LF $0.00 $0
1 C SY $0.00 $0
Subtotal $1,694, 500
20 % contingency $338,900
TOTAL $2,033,000

Note: Estimate does not indude Engineering, Adminstration, Surveying, or Legal fees

This staternent was prepared utilizing standard cost estimate practices. Itis understood
and agreed that this is an estimate only, and that Engineer shall not be liable ta Owner
orto a third party for any failure o accurately estimate the cost of the project, or any




ALBERT H. HALFF ASSOCIATES, INC.

4000 Fossil Creek Boufevard
Fort Worth, Texas 76137

(817)847-1422
CLENT:  City of McAllen PAGE: COST-M2
DATE: 1205
PRQUECT: Flood Protection Planning Study BY: es/mam/chm
for Scuthem McAllen and Mission
Relief Storage for 100-Year Gates Closed
STATEMENT OF PROBABLE COST
ITEM NO. DESCRIPTION QUANTITY UNIT PRICE AMOUNT
1 Compacted Select Fill-Mission outlet leves 17,500 cY $5.00 $87,500
2 Rock Riprap 5,050 cY $90.00 $454,500
3 Grouted Rock Rip rap 2,200 sy $50.00 $110,000
4 Triple-10°x 10" Reinforced Conc. Box Culvert (150 ft) 435 cy $400.00 $174,000
5 Flap Gates 10" x 10 3 EA $20,000,00 $60,000
) Excavation 1,600,100 cY $3.00 $4,800,300
7 0 EA $0.00 $0
8 0 EA $0.00 $0
9 o EA $0.00 $0
10 o] LF $0.00 $0
1" ¢] sY $0.00 $0
Subtotal $5,686,300
§ % Utlity Adjustment $284,315
20 % contingency $1,137,260
TOTAL $7,108,000

This estimate does notindude ROW acquisition

Note: Estimate does rot indude Engineering, Adminstration, Surveying, or Legal fees

This statement was prepared utilizing standard cost estimate practices. Itis understood
and agreed that this is an estimate only, and that Engineer shall not be liabla to Owner
or o a third party for any failure to accurately estimate the cost of the project, or any




ALBERT H. HALFF ASSOCIATES, INC.

4000 Fossil Creek Boulevard
Fort Worth, Texas 76137

{817)847-1422
CLUENT: City of McAllen PAGE: COSTCIM
DATE: 1285
PROJECT: Flood Protection Planning Study BY: es/mam/chm
for Southem McAllen and Mission
Reconstruction of the South Levee at Cimarron
_ STATEMENT OF PROBABLE COST
fTEM NO. DESCRIPTION QUANTITY UNIT PRICE AMOUNT
1 ROW Preparation 65 AC $1,000.00 $65,000
2 Compacted Select Fil-Levee 77,400 cY $5.00 $387,000
3 Excavation 864,400 cY $3.00 $2,593,200
4 Salfvage Topsol 33,600 cY $2.00 $67,200
5 Seeding 314,600 SY $1.00 $314,600
6 Rock Riprap 2,445 cY $90.00 $220,050
7 Grouted Rock Rip rap 2,990 SY $50.00 $148,500
8 Five-10" x 10" Reinforced Cone. Box Culvert (50 ft) 260 CcY $400.00 $104,000
9 Flap Gates 10" x 10 5 EA $20,000.00 $100,000
10 Bridge at Shary Road 1 LS $900,000.00 $900,000
11 : 0 EA $0.00 $0
12 0 EA $0.00 $0
13 (¢] EA $0.00 30
14 0 LF $0.00 $0
15 0 8Y $0.00 $0
Subtotal $4,500,550
10% Utility Adjustments $490,055
20 % contingency $980,110
TOTAL $6,371,000

This estimate does not include ROW acquisition
Note: Estimate does notinclude Engineering, Adminstration, Surveying, or Legal fees

This statement was prepared utifizing standard cost estimale practices, Itis understood
and agreed that this is an estimate only, and that Engineer shall not be liable to Owner
or to a third party for any failure o accurately estimate the cost of the project, or any



ALBERT H. HALFF ASSOCIATES, INC.
4000 Fossil Creek Boulevard
Fort Worth, Texas 76137

(817)847-1422
CUENT: City of McAllen PAGE: COST-C1
DATE: 12/95
PROJECT: Fload Protection Planning Study BY: es/mam/chm
for Southem McAllen and Mission
Drainage Improvements for Cell-1 { Outlet No, 1)
STATEMENT OF PROBABLE COST
ITEM NC. DESCRIPTION QUANTITY UNIT PRICE AMOUNT
1 ROW Preparation 25 AC $1,000.00 $25,000
2 Excavation 508,000 cY $3.00 $1,524,000
3 Levee Excavation for CBC Installation 1,390 cY $10.00 $13,900
4 Salvage Topsoil 13,600 CcY $2.00 $27,200
5  Seedng 121,000 sy $1.00 $121,
6 Sigle-6' x 4' Reinforced Conc. Bax Culvert (150 f) 77 cY $400.00 $30,800
7 Flap Gates &' x 4 1 EA $11,000.00 $11,000
8 Compacted Select Fifl-Mission Levee 9,800 cYy $5.00 $49,000
9 0 EA $0.00 $0
10 0 LF $0.00 30
11 0 SY $0.00 $0
Subtotal $1,801,900
& % Utility Adjustment $90,095
20 % contingency $360,380
TOTAL $2,252,000

Note: Estimate does not indlude Engineering, Adminstration, Surveying, or Legal fees

This statement was prepared utilizing standard cost estimate practices. Itis understood
and agreed that this is an estimate only, and that Engineer shail not be liable b Owner
or to a third party for any failure to accurately estimate the cost of the project, or any




ALBERT H. HALFF ASSOCIATES, INC.
4000 Fossil Creek Boulevard
Fort Worth, Texas 76137

(817)847-1422
CUENT:  City of McAllen PAGE: COSTC2
DATE: 12/85
PROJECT: Flood Protection Planning Study BY: es/mamichm
for Southem McAllen and Mission
Drainage Improvements for Cell-2 { Outlet No. 2}
STATEMENT CF PROBABLE COST
ITEMNO. DESCRIPTION QUANTITY UNIT PRICE AMOUNT
1 ROW Preparation 45 AC $1,000.00 $45,000
2 Excavation 947,500 cY $3.00 $2,842,500
3 Levee Excavation for CBC installation 5,780 cY $10. $57,800
4 Salvage Topsoil 23,900 cYy $2.00 $47,800
5 Seeding 215,400 sY $1.00 $215,400
& Sigle-8' x 5 Reinforced Conc. Box Culvert (150 ft) 127 cY $400.00 $50,800
7 Flap Gates 1 EA $15,000.00 $15,000
8 0 EA $0.00 %0
9 ] EA $0.00 30
10 0 LF $0.00 $0
11 0 SY $0.00 $0
Subtotal $3,274,300
5 % Utility Adjustment $163,715
20 % confingency $654,860
TOTAL ‘ $4,093,000

Note: Estimate does not indude Engineering, Adminstration, Surveying, or Legal fees

This statement was prepared utilizing standand cost estimate practices. It is understood
and agreed that this is an estimate only, and that Engineer shall not ba liable to Owner
or to a third party for any failure to accurately estimate the cost of the project, or any




ALBERT H. HALFF ASSOCIATES, INC.
4000 Fassil Creek Boulevard
Fort Worth, Texas 76137

(817)847-1422
CLIENT:  City of McAllen PAGE: COSTL9B
DATE: 1295
PROJECT: Flood Protection Planning Study BY: es/mam/chm
for Southem McAllen and Mission
Dralnage Improvements for Cells 3-8 { Outlet No. 3)
STATEMENT OF PROBABLE COST
ITEM NO. DESCRIPTICON QUANTITY UNIT PRICE AMOUNT
1 ROW Preparation 320 AC $1,000.00 $320,000
2 Excavation 7,732,700 cY $3.00 $23,198,100
3 Levee Excavation for CBC installation 4,430 cY $10.00 $44,300
4 Salvage Topsail 172,100 cY $2.00 $344,200
5 Seeding 1,548,800 sY $1.00 $1,548,800
8 Double-10" x 10’ Reinforcad Conc. Box Culvert (150 1) 331 CcY $400.00 $132,400
7 Flap Gates- 10'x 10’ 2 EA $20,000. $40,000
8 Flap Gates-4 x4 5 EA $10,000.00 $50,000
°] 36" Class Il R.C.P. 200 LF $53.00 $10,600
10 0 LF $6.00 $0
1 ¢ SY $0.00 50
Subtotal . $25,688,400
2 % Utility Adjustment $513,768
20 % contingency $5,137,680
TOTAL $31,340,000

Note: Estimate does not indude Engineering, Adminstration, Surveying, or Legal fees

This statement was prepared utilizing standard cast estimale practices. It is understood
and agreed that this is an estimate only, and that Engineer shall not be liable to Owner
or to a third party for any failure to accurately estimate the cost of the project, or any




ALBERT H. HALFF ASSCCIATES, INC.
4000 Fossil Creek Boulevard
Fort Worth, Texas 76137

(817)847-1422
CUENT:  City of McAllen PAGE: COST-CoA
DATE; 12195
PROJECT: Flood Protection Planning Study BY: es/mamv/chm
for Southem McAllen and Mission
Drainage Improvements for Ceils 3-9 {Outlet No. 4)
STATEMENT OF PROBABLE COST
[TEMNO. DESCRIPTION QUANTITY UNIT PRICE AMOUNT
1 ROW Preparation 104 AC $1,000.00 $104,000
2 Excavation 2,371,600 (044 $3.00 $7,114,800
3 Levee Excavation for CBC installation 3,950 cYy $10.00 $39,500
4 Salvage Topsol 70,350 cY $2.00 $140,700
5 Seeding 502,400 8Y $1.00 $502,400
6 Single-10' x 10' Reinforced Cone. Box Culvert (150 ft) 238 CYy $400.00 $95,200
7 Flap Gates 10x 10 1 EA $20,000.00 $20,000
8 42" Class lll R.C.P, 400 LF $80.00 $32,000
9 Single-10' x 5' Reinforced Conc. Box Culvert {200 ft) 172 cyY $400.00 $68,800
10 0 LF $0.00 $0
11 0 sy $0.00 $0
Subtotal $8,117,400
§ % Utility Adjustment $405,870
20 % contingency $1,623,480
TOTAL $10,147,000

Nota: Estimate does not indude Engineering, Adminstratian, Surveying, or Legal fees

This statement was prepared utilizing standard cost estimate practices. Itis understood
and agreed that this is an estimate only, and that Engineer shall not be liable to Owner
or to a third party for any failure to accurately estimate the cost of the project, or any




ALBERT H. HALFF ASSOCIATES, INC.
4000 Fossil Creek Boulevard
Fort Worth, Texas 76137

(817)847-1422
CUENT:  City of McAllen COST-C10
12/85
PROJECT: Flood Protection Planning Study es/mam/chm
for Southem McAllen and Mission
Drainage Improvements for Cell-10 {Outlet No. 5)
STATEMENT OF PROBABLE COST
ITEMNO. DESCRIPTION QUANTITY UNIT PRICE AMOUNT
1 ROW Preparation 5 AC $1,000.00 $75,000
2 Excavation 1,256,900 cY $3.00 $3,770,700
3 Levee Excavation for CBC installation 8,500 cY $10.00 $85,000
4 Salvage Topsoit 41,000 CcY $2.00 $82,000
5  Seedng 357,800 sY $1.00 $367,800
6 Single-10" x 6' Reinforced Conc. Box Culvert (200 ft) 267 cY $400.00 $106,800
7 Flap Gales 10x6 1 EA $18,000.00 $18,000
8 30" Class Il R.C.P. 100 LF $42.00 $4,200
9 36" Class Il R.C.P. 100 LF $53.00 $5,300
10 48" Class Il R.C.P. 100 LF $80.00 $8,000
1 60" Class Il RC.P. 100 LF $108.00 $10,800
Subtotal $4,533,600
§ % Utlity Adjustment $226,680
20 % contingency $906,720
TOTAL $5.667,000

Note: Esimate does not include Engineering, Adminstation, Surveying, or Legal fees

This staternent was prepared utilizing standard cost estimate practices. It is understood
and agreed that this is an estimate only, and that Engineer shall not be liable to Owner
or o a third party for any failure to accurately estimate the cost of the project, or any




ALBERT H. HALFF ASSOCIATES, INC.

4000 Fossil Creek Boulevard
Fort Worth, Texas 76137

(817)847-1422
CLIENT:  City of McAllen COST-C11
1205
PRQJECT: Flood Protection Planning Study esimam/chm
for Southem McAllen and Mission
Dralnage Improvements for Cell-11 { Outlet No. 6)
STATEMENT OF PROBABLE COST
ITEMNOC, DESCRIPTION QUANTITY UNIT PRICE AMOUNT
1 ROW Preparation 41 AC $1,000.00 $41,000
2 Excavation 808,700 cYy $3.00 $1,820,100
3 Levee Excavation for CBC installation 4,270 .Y $10.00 $42,700
4 Salvage Topsol 22,050 CcY $200 $44,100
5 Seedng 198,400 sy $1.00 $108,400
6 Sigle-6" x 4’ Reinforced Conce. Box Culvert (200 #) 107 CcY $400.00 $42,800
7 Flap Gales 6 x 4 1 EA $12,000.00 $12,000
8 24" Class I R.C.P, 100 LF $34.00 $3,400
9 36" Class lll R.C.P. 0 LF $53.00 $0
10 48" Class Il R.C.P. 0 LF $80.00 $0
11 60" Class I RC.P, 0 LF $108.00 $0
Subtotal $2,204,500
5 % Utility Adjustment $110,225
20 % contingency $440,900
TOTAL $2,756,000

Note: Estimate does not include Engineering, Adminstration, Surveying, or Legal fees

This staternent was prepared utilizing standard cost estimate practices. Itis understood
and agreed that this is an estimate only, and that Engineer shall not be liabie 1o Cwner

or to a third party for any failure to accurately estimate the cost of the project, or any



APPENDIX F
Computer Files of Hydrologic and Hydraulic Models
(Computer Diskette)
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ANZALDUAS PANEL POINT
GPS ADJUSTMENT SUMMARY

Panel Points for aerial photogrammetry were placed as indicated on layout provided by Robert
Stackhouse Aerial Company. Panels were placed as 4'x4’ chevrons with 1/2-inch iron rods set
flush with the ground at the interior corner of each panel. Panels were made with 1’ wide white
plastic sheets held in place by nails and shiners.

Static GPS observations were performed on March 8, 9, and 10, 1995 by Halff Associates
personnel using Trimble 4000ST receivers. GPS observations were reduced using Trimnet
software. The GPS network was adjusted and WGS-84 ellipsoid heights were computed using
GEOLAB software. The GPS network was constrained horizontally to NGS first order
triangulation station "HICKLEY" NAD 83 coordinate values.

The GPS network was constrained vertically to IBWC benchmarks as follows:

ALOQ1 direct GPS observation of IBWC BM No. 266 AL-PH.

BMO2 direct GPS observation of IBWC brass disk on south side of the Anzalduas wier.
ALO7 level loop to IBWC brass disk on Structure N 0. 300.

ALO8 level loop to IBWC brass disk on Structure No. 301.

AL21 level loop to IBWC brass disk on Structure No. 3186.

AL28 level loop to IBWC brass disk on Structure No. 323.

All panel points were adjusted by least squares computations using the six IBWC benchmarks
described above.

Surface coordinates were computed using a combined scale factor of 0.99999588.

Conversion factor from meters to U.S. survey feet = 0.304800609601 meters/foot.
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