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1.INTRODUCTION

Teague, Nall, and Perkins, Inc. (TNP) conducted this report on behalf of the Texas
Department of Transportation (TxDOT) Houston District for the North Houston Highway
Improvement Project (NHHIP) on Interstate Highway 45 (I-45) Segment 1. The preliminary
drainage analysis and design is authorized through Work Authorization No. 4 of TxDOT
Contract 12-0IDP501 3.

Study findings and recommendations are based upon best-available information and are
subject to change as additional data becomes available.

1.1  Project Description and Location

This report summarizes the results and recommendations of the mitigation study to offset
drainage impacts associated with the proposed improvements and widening of 1-45 from
North of Tidwell Road to South of Shepherd Drive (CSJ: 0500-03-445). This study is one
of the four sections located in the NHHIP Segment 1 analysis.

The project is located within the Little White Oak Bayou [E101-00-00] watershed. The
project consists of three existing cross drainage structures which drain to Little White Oak
Bayou. The general topography of the project area is very flat overland slopes consisting
of heavily developed commercial and residential areas for most of the I-45 project corridor.
The study limits are from North of Tidwell Road to South of Shepherd Drive, spanning
approximately 1.9 miles. See Exhibit 1 for project location and limits.

The existing 1-45 typical section consists of an eight-lane highway divided by a High-
Occupancy vehicle (H.O.V.) lane with storm-sewer systems running along the main lanes and
frontage roads. The proposed typical section will consist of the following:

e Southbound and Northbound Frontage Roads -2-12’ lanes and a 15’ shared lane

e Southbound and Northbound Mainlanes — 4-12’ lanes with 2-12’ shoulder on each
side

e Southbound and Northbound Max Lanes — 2-12’ lanes with a 12’ shoulder in

between the max lanes and mainlanes

The existing and proposed typical sections are shown in Appendix A.

1.2 Survey and Elevation Datum

The 1-45 project coordinates are based on the Texas Coordinate System, South Central Zone
(4204), North American Datum (NAD) of 1983 (CORS96; EPOCH 2002.00). Coordinates
and distances are U.S. survey feet, displayed in surface values. These values can be
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converted to NAD83 (GRID) values by applying the combined adjustment factor (CAF) of
1.0001 3 for Harris County with the following formula: SURFACE/CAF = GRID.

Elevations are in reference to the North American Vertical Datum (NAVD) of 1988 with a
2001 adjustment (NAVD 1988, 2001). Existing control was established by Surveying and
Mapping (SAM) in March 2019.

1.3 Federal Emergency Management Agency (FEMA) Identification

The proposed project is located on FEMA Flood Insurance Rate Map (FIRM) panel
48201C0660M dated June 9, 2014 as shown in Appendix B. A portion of the southbound
frontage road is in the 100-year and 500-year flood plain of Little White Oak Bayou
which is Zone AE, base flood elevation determined, and Zone X respectively as shown in
Exhibit 1.

1.4 Previous Report

A Preliminary Drainage Study for the NHHIP was developed by AECOM for TxDOT in
November 2016 and covers all three NHHIP segments. The AECOM study limits were from
[-69 and SH 288 south of downtown Houston to the interchange of 1-45 and Beltway 8
North. The section from North of Tidwell Road to South of Shepherd Drive is in Segment 1.
A copy of the AECOM report is provided in Appendix I.

1.5 Scope

The scope of work includes preparation of drainage design and analysis and drainage
studies and reports for Segment 1 of the [-45 NHHIP for the section from North of Tidwell
Road to South of Shepherd Drive. Scope items include the following:

e locate existing outfalls, determine existing storm sewer and culvert sizes, and
calculate design flows and water surface elevations (WSEL) for use in roadway
geometry.

e Develop existing and proposed Storm Water Management Model (SWMM) models
for the project area.

e Identify impacts to abutting properties and the 100-yr floodplain due to proposed
highway improvements.

e Identify and describe outfalls, provide drainage area maps, sub-drainage area
maps, floodplain cut and fill, mitigation recommendations, preliminary detention
basin layouts, and a preliminary cost estimate.
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1.6 Data Collection
Multiple sources aided in the development of the existing drainage analysis. Data used
for this report included the following:
e As-built drawing provided by TxDOT
e Light Detection and Ranging (LiDAR) data
e Survey data provided by TxDOT and RODS Surveying, Inc.

e Harris County Flood Control (HCFCD) Hydraulic Engineering Center - River Analysis
System (HEC-RAS) and Hydrologic Engineering Center - Hydrologic Modeling
System (HEC-HMS) models

e Aerial photography (TNRIS)
e Field reconnaissance (Appendix C)

e Google maps

July 2021
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Methodology

The following are applicable drainage design criteria for Segment 1, as provided by
TxDOT:

e Existing drainage crossing design storm event: 100-year (Main Lanes) and 10-
year (Frontage Roads)

e Proposed frontage road design: 10-year

e Proposed ramp design: 25-year

e Proposed main lanes and max lanes design: 100-year

e Roadside ditch and storm sewer design storm event: 10-year

e National Oceanic and Atmospheric Administration (NOAA) Atlas 14 — rainfall
depths and intensities

Hydrology

The Rational method was used for on-site peak flow calculations on small watersheds (less
than 200 acres) unaffected by complex hydrologic features as described in the Chapter 4,
Section 12 of the TxDOT hydraulic design manual (HDM.)

The Rational Method equation is expressed as:
Q=CIA
Where:

Q = computed peak flow rate (cfs)
C = weighted runoff coefficient

| = average rainfall intensity (in/hr)
A = drainage area (acres)

The drainage areas consisted of pavement, commercial /development strip, residential
development, and undeveloped/grass areas. A composite C-value was calculated for each
drainage area. The following runoff coefficients were used:

FIGURE 2-1.1: Runoff Coefficients

Drainage Area Description Runoff Coefficient
Pavement 0.90
Commercial/Development Strip 0.65
Residential Development 0.45
Undeveloped/Grass 0.35
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A composite C-value and a time of concentration was calculated for each drainage area
as per TxDOT criteria (10-minute minimum). Then, the rainfall intensity was calculated using
the following equation:

b

|=——
(tc +d)°
Where:

| = design rainfall intensity (in/hr)
t. = time of concentration (min)

e, b, d = coefficients for Harris County (EBDLKUP-2019-Vc6.2.10.xIsm)
The Harris County e, b, and d coefficients from the TxDOT HDM are as follows:

FIGURE 2-1.2: TxDOT Intensity-Duration-Frequency (IDF) Coefficient for Harris County

Annual Exeedance .
. Return Period e b d
Probability
10% 10-yr 0.7458 84.15 12.35
4% 25-yr 0.7247 95.89 12.51
2% 50-yr 0.7091 103.81 12.62
1% 100-yr 0.6963 113.68 13.16

The 24-hr rainfall depths were developed from NOAA Atlas 14 as shown in Appendix D.

FIGURE 2-1.3: NOAA Atlas 14 24-hr Rainfall Depth

Annual Exeedance . 24-hr Rainfall
. Return Period i
Probability Depth (in)
10% 10-yr 8.50
4% 25-yr 11.4
2% 50-yr 13.9
1% 100-yr 16.8
2.2 Hydraulics

XP-STORM (SWMM) version 2017.2 is used as the primary hydraulic modeling to analyze
the drainage systems. Tailwater conditions from the FEMA effective model (E101-00-00)

were incorporated in the existing and proposed hydraulic models.

The SWMM model was selected based on its ability to incorporate all aspects of the
drainage system, such as precipitation data for all required events, channels, culverts, weirs,
inlets, and detention facilities. The SWMM model utilizes a series of nodes and links to
represent the hydraulic conveyance of the drainage system in a complex array of branched
or looped drainage networks.

5
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2.3 Model Development

The SWMM models were developed to evaluate the hydraulic relationship between the
project drainage systems and the receiving streams. For this phase of the analysis, the
SWMM models were designed to include the elements of the existing and proposed
drainage systems to demonstrate the effectiveness of the systems to mitigate the impacts
associated with the proposed project. In developing the SWMM model for the existing and
proposed conditions, several components were needed to complete the SWMM models and
are defined as follows:

e Detailed drainage areas for existing and proposed conditions were delineated
using as-built plans, field reconnaissance, roadway profiles, lidar data, and aerial
topography.

e The Rational Method was used to determine the peak flows and the Small
Watershed Method was used to develop the runoff hydrographs for each of the
areas, which were subsequently imported into the SWMM Hydraulic model. NOAA
Atlas 14 rainfall depths and the HCFCD rainfall loss methods were used to determine
the direct runoff for the Small Watershed Method.

e Runoff hydrographs were adjusted to coincide with the timing of the watershed
hydrographs. This was accomplished by shifting the time to peak of the Small
Watershed hydrograph such that the peak flow would occur at a time equal to 0.67
of the storm duration (24-hour) plus the time of concentration of its contributing
drainage area. The use of the 0.67 factor is consistent with the peak rainfall
ordinate on the HCFCD standard 24-hour storm distribution for watershed analysis.
To maintain the relative impacts of the proposed roadway improvements to the
outfalls, this method was applied to the existing and proposed condition models.

e The hydraulic mode of the SWMM model requires defined boundary conditions to
represent the tailwater elevations at the outfall points in the drainage network and
inflow from any contributing off-site areas upstream of the project. At Little White
Oak Bayou, HEC-RAS and HEC-HMS were used to calculate a time-stage
hydrograph from the effective FEMA models. Atlas 14 and FEMA effective model
correlation for tailwater conditions are represented below:

FIGURE 2-3.1: ATLAS 14 to FEMA Effective Model Correlation

ATLAS 14 EQUIVALENT FEMA
EFFECTIVE MODEL
100-YR 500-YR
50-YR 100-YR
10-YR 10-YR
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e SWMM models developed for this analysis include a sheet flow aspect of the
drainage system. Surface links were used to simulate carry-over (sheet flow)
between successive nodes, where applicable.

2.4  Preliminary Drainage System Design Approach

Preliminary sizes for the storm drain system trunk lines were determined using TxDOT’s 10-
year drainage design criteria within GEOPAK Drainage. The areas draining to the
TxDOT right-of-way (ROW) were used to develop the preliminary storm drain system
trunk lines. Preliminary trunk line sizes were adjusted as necessary in the proposed
mitigation analysis to accommodate the 100-year sheet flow and optimize the function of
the detention basins.

Preliminary sizes of the cross drainage structures were based on the HCFCD planning
study for Little White Oak Bayou as presented in a coordination meeting between TxDOT
and HCFCD on October 5, 2020. A 12'x10’ RCB was proposed for Outfall C5 and a
10’x8’ RCB was proposed for Outfall C4.
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Drainage Systems: Existing

The existing drainage systems contain a combination of storm sewers, cross drainage
structures, and roadside ditches which convey storm water along 1-45 to three (3) outfalls.
The outfalls are listed below:

FIGURE 3: Existing Project Outfalls

OUTFALL STATION STRUCTURE SIZE OUTFALLS INTO
C5 1508+84 2-6'X6' RCBs E101-16-00
Ca 1545+73 2-6'X5' RCBs E101-18-00
o7 1591+38 3-36" RCPs E101-18-04

The existing drainage areas were delineated using survey data, aerial photography,
United States Geological Survey (USGS) contours, LIDAR data, as-built plans, and field
reconnaissance. The existing overall drainage areas are shown in Exhibit 2 and the
drainage areas are shown in Exhibit 3. The existing hydrology is shown in Table 1.

Outfall C5 — Station 1508+84: E101-16-00

This system consists of roadside ditches and storm sewers that outfall into E101-16-00. The
cross drainage structure drains from east to west through 2-6’X6’ RCBs where it enters a
channel at the TxDOT ROW.

The channel downstream of TxDOT’s ROW consists of grass-lined trapezoidal section with
an approximate bottom width of 5 feet, 2.5:1 side slopes, and depths ranging between 2
to 5 feet. It traverses residential and commercial development until it outfalls into Little
White Oak Bayou south of Glenburnie Drive. The typical section is represented below:

FIGURE 3-1: Channel Downstream of C5

July 2021



engineers NHHIP SEGMENT 1 (I-45)

ﬁ tnp surveyors DRAINAGE ANALYSIS

3.2

3.3

landscape architects CSJ: 0500-03-446

The existing channel does not contain the 10-yr storm event within the banks. Future
HCFCD improvements are to upgrade the channel to a 12’x10’ RCB from 1-45 to Little
White Oak Bayou.

The existing drainage layout is shown in Exhibit 4, and the existing offsite drainage
layout is shown in Exhibit 5. Outfall C5 does not meet the frontage road drainage design
criteria as shown in Table 2.

Outfall C4 — Station 1545+73: E101-18-00

This system consists of roadside ditches and storm sewers that outfall into E101-18-00. The
cross drainage structure drains from east to west through 2-6’X5" RCBs where it enters a
roadside ditch along the southbound frontage road (SBFR). The roadside ditch drains into
a 36” and 84” RCP within the TxDOT ROW and connects to the Yale Street storm sewer
system. The Yale Street storm sewer system drains south to Little White Oak Bayou in a
10’x8’ RCB.

FIGURE 3-2: 10’x8’ RCB Downstream of C4

.

Future HCFCD improvements are to extend the 10°x8’ RCB upstream of 1-45.

The existing drainage layout is shown in Exhibit 4, and the existing offsite drainage
layout is shown in Exhibit 5. Outfall C4 meets the main lane drainage design criteria but
does not meet the frontage road drainage design criteria as shown in Table 2.

Outfall 07 — Station 1591+38: E101-18-04

This system consists of roadside ditches and storm sewers that outfall into E101-18-04. The
cross drainage structure drains from west to east through 3-36” RCPs. The northbound
frontage road (NBFR) consists of 2-4'x2’ RCBs from the north and 2-4'x2’ RCB’s from the

July 2021



A engineers NHHIP SEGMENT 1 (I-45)
Av 'I'np surveyors DRAINAGE ANALYSIS

landscape architects CSJ: 0500-03-446

south. In total, 3-36” RCPs and 4-4’x2’ RCBs drain into a concrete-lined channel located
on the east side of 1-45.

FIGURE 3-3: Concrete-lined Channel Downstream of O7 (E101-18-04)

The concrete-lined channel drains east and merges into E101-18-00 where it crosses 1-45
at Outfall C4. The existing drainage layout is shown in Exhibit 4, and the existing offsite
drainage layout is shown in Exhibit 5. Outfall O7 meets the main lane and frontage road
drainage design criteria as shown in Table 2.

10
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Drainage Systems: Proposed

The proposed drainage systems contain a combination of storm sewers, cross drainage
structures, and roadside ditches which convey storm water along 1-45 to three (3) outfalls.
The outfalls are listed below:

FIGURE 4: Proposed Project Outfalls

EXISTING PROPOSED
OUTFALL STATION OUTFALLS INTO
STRUCTURE SIZE | STRUCTURE SIZE
C5 1511+80 2-6'X6' RCBs 2-11'X6' RCBs E101-16-00
Cc4 1548+90 2-6'X5' RCBs 1-10'X8' RCB E101-18-00
o7 1591+45 3-36" RCPs 2-6'X4' RCBs E101-18-04

The proposed overall drainage areas are shown in Exhibit 6 and the drainage areas are
shown in Exhibit 7. The proposed hydrology is shown in Table 3.

Estimated Mitigation Volume

The proposed storm sewer and cross drainage structures were modeled to determine the
impacts of the proposed improvements. The existing and proposed hydrographs exiting
TxDOT’s ROW were evaluated for each outfall.
for each outfall are shown in Appendix E.

The existing and proposed hydrographs
The estimated mitigation volumes are listed
below:

FIGURE 4-1: 100-YR Estimated Mitigation Volume

REQUIRED MITIGATION
OUTFALL
VOLUME (ACRE-FT)
cs5 20
ca 7
07 18

Proposed detention basins were established along the corridor and are shown in Exhibit
8. Preliminary mitigation requirements were evaluated and adjusted as necessary to
mitigate the impacts associated with the proposed improvements.

Outfall C5 — Station 1511+80

The existing cross drainage structure drains from east to west through 2-6’X6’ RCBs at an
approximate 45-degree skew near station 1508+84. The proposed cross drainage
structure crosses perpendicular to 1-45 at station 1511+80. The proposed drainage layout

is shown in Exhibit 9, and the proposed offsite drainage layout is shown in Exhibit 10.

11

July 2021



A engineers NHHIP SEGMENT 1 (I-45)
& tnp surveyors DRAINAGE ANALYSIS

landscape architects CSJ: 0500-03-446

Future HCFCD improvements propose a 12’x10’ RCB in place of the existing channel for
E101-16-00 from Little White Oak Bayou to upstream of 1-45. These improvements would
improve conveyance and provide additional outfall depth but would require regional
mitigation to offset the improved conveyance to Little White Oak Bayou. Since the HCFCD
improvements will not be in place when the I-45 construction begins, 2-11°'x6’ RCBs are
proposed within the TxDOT ROW.

Three detention basin locations have been identified along the west side of 1-45 and
preliminary detention basin layouts are shown in Exhibit 11. The detention basins provide
the following detention volumes:

FIGURE 4-2.2: Outfall C5 Proposed Detention Volumes

DETENTION
ID STATION VOLUME
(ACRE-FT)
CSDETENTION1 | 1515+00 1.60
C5DETENTION 2 | 1506+00 16.20
CSDETENTION 3 | 1495+00 31.85
TOTAL 49.65

Existing and proposed models were compared to quantify an impact downstream. The
proposed detention basins for Outfall C5 exceed the required volume to mitigate [-45
proposed improvements as shown below:

FIGURE 4-2.3: Outfall C5 Proposed Detention Volumes

REQUIRED 100-YR EXIST | 100-YR PROPOSED AVAILABLE EXCESS
OUTFALL | MITIGATION VOLUME OUTFLOW OUTFLOW DETENTION DETENTION
(ACRE-FT) (CFS) (CFS) (ACRE-FT)
C5 20.00 673.98 663.62 49.65 29.65

Proposed outfall C5 meets the main lane drainage design criteria and frontage road
drainage design criteria as shown in Table 4.

4.3 Outfall C4 — Station 1548+90

The existing cross drainage structure drains from east to west through 2-6’X5’ RCBs at an
approximate 45-degree skew near station 1545+73. Future HCFCD improvements
propose extending the 10’x8’ RCB from Yale Street to upstream of 1-45. The proposed
culvert will cross perpendicular at station 1548+90. The proposed drainage layout is shown
in Exhibit 9, and the proposed offsite drainage layout is shown in Exhibit 10.

Two detention basin locations have been identified along the west side of 1-45 and

preliminary detention basin layouts are shown in Exhibit 12. The detention basins provide

the following detention volumes:
.
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FIGURE 4-3.1: Outfall C4 Proposed Detention Volumes

DETENTION
ID STATION VOLUME
(ACRE-FT)
CA4 DETENTION 1 1553+00 56.03
C4 DETENTION 2 1541+00 18.21
TOTAL 74.24

Existing and proposed models were compared to quantify an impact downstream. The
proposed detention basins exceed the required volume to mitigate 1-45 proposed
improvements as shown below:

FIGURE 4-3.2: Outfall C4 Proposed Detention Volumes

REQUIRED EXIST PROPOSED AVAILABLE EXCESS
OUTFALL | MITIGATION VOLUME | OUTFLOW OUTFLOW oerenTion | PETENTION
(ACRE-FT) (CES) (CES) (ACRE-FT)
ca 7.00 738.65 646.35 74.24 67.24

Proposed outfall C4 meets the main lane and frontage road drainage design criteria as
shown in Table 4.

Outfall 07 — Station 1591+45

The existing cross drainage structure drains from west to east and will be upsized to 2-
6'x4’ RCBs. The proposed pipe sizes were based on the outflow rate and limited cover.
The proposed drainage layout is shown in Exhibit 9, and the proposed offsite drainage
layout is shown in Exhibit 10.

A proposed detention basin location has been identified along the west side of I-45 near
North Shepherd Drive. A preliminary detention basin layout is shown in Exhibit 13. The
detention basin provides the following detention volume:

FIGURE 4-4.1: Outfall O7 Proposed Detention Volume

DETENTION
ID STATION VOLUME
(ACRE-FT)
O7DETENTION 1 | 1595+00 19.86
TOTAL 19.86

Existing and proposed models were compared to quantify an impact downstream. The
proposed detention basin exceeds the required volume to mitigate 1-45 proposed
improvements as shown below:
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REQUIRED 100-YR EXIST |100-YR PROPOSED| AVAILABLE EXCESS
OUTFALL | MITIGATION VOLUME | OUTFLOW OUTFLOW DETENTION | DETENTION
(ACRE-FT) (CFS) (CFS) (ACRE-FT) (ACRE-FT)
07 18.00 252.09 229.20 19.86 1.86

4.5

4.6

In addition to the proposed detention basin, a proposed 48” RCP at West Little York
connects the SBFR storm sewer system to the C4 storm sewer system. This connection was
designed to alleviate the increase in water surface elevation upstream of Outfall O7.

Proposed outfall O7 meets the main lane and frontage road drainage design criteria as
shown in Table 4.

Floodplain Fill

Preliminary floodplain fill was calculated based on the 1-45 schematic roadway profiles.
Cross sections were drawn based on the profiles and the 100-yr effective floodplain
elevations for Little White Oak Bayou were projected on the cross sections. Cut and fill
areas were identified for each cross section and the average end method was used to
compute the total cut and fill volume as shown in the cut and fill calculations in Appendix F.
The total net floodplain fill for the project is approximately 11 acre-feet.

Proposed Frontage Road Profile Design
The 1-45 schematic roadway profiles were plotted with the 10-yr, 50-yr, and 100-yr

proposed water surface elevations as shown in Exhibit 9.

The NBFR and SBFR profiles were compared to the 10-yr proposed water surface elevations
to identify where the frontage roads do not meet 10-yr criteria. The following roadway
limits do not meet the 10-yr criteria:

e SBFR station 11494435 to 11499+46
e NBFR station 11496+80 to 11520+02

Where the SBFR and NBFR schematic roadway profiles do not meet the 10-yr criteriq,
proposed level of service was evaluated further to include analysis of the 2-yr proposed
water surface elevation, included on Exhibit 9 sheets 1 and 2. Based on this evaluation the
following observations and recommendations are provided:

e SBFR profile does meet a 2-yr level of service

0 Recommend no adjustment to the SBFR profile from SBFR station 11494+35
to 11499+46
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e NBFR profile does not meet the 2-yr level of service from NBFR station 11496+80
to 11504+50

0 Recommend raising the NBFR profile to be above the 2-yr water surface
elevation 11496+80 to 11504+50

0 Recommend an additional 10’ of ROW be acquired from NBFR station
11496+80 to 11500+60 to provide room for grading and drainage

0 Recommend NBFR roadway profile and ROW width transitions south of
station 11496+80 to tie into the recommended profile and ROW for the
adjacent study section to the south

e The NBFR profile can be raised above the 10-yr water surface from station
11507465 to 11520+02 without impact to adjacent properties

0 Recommend raising the NBFR profile to be above the 10-yr water surface
elevation from station 11507+65 to 11520+02

The proposed storm sewer systems were designed for the 10-yr event. However, the
tailwater from Little White Oak Bayou inundates the frontage roads between TNP’s design
section and the adjacent design section to the south. The proposed sheet flows at the section
divide were coordinated with the adjacent section designer and will remain less than
existing conditions. Further evaluation of regional flood reduction solutions will be necessary
to lower the tailwater effects of Little White Oak Bayou to meet the 10-yr criteria at all
locations along the proposed NBFR and SBFR.

4.7  Utility Conflicts

Within the project limits, potential utility conflicts with the proposed design were identified.
Information on existing water and wastewater lines were found on The City of Houston
Geographic Information Management System (GIMS). Overhead electric transmission lines
were drawn using existing survey information and confirmed through aerial imagery. Utility
conflicts identified in this study are preliminary and require further survey information to
verify and confirm their locations.

Exhibit 14 shows potential utility conflicts within the project limits. Appendix G details the
potential utility conflicts. Figure 4-7.1 tabulates the number of potential utility conflicts by
the utility.
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FIGURE 4-7.1: Potential Utility Conflict Summary

o Number of Potential
Utility Type .
Conflicts
Water Line 74
Wastewater Line 25

4.8 Preliminary Drainage Cost Estimate

A preliminary drainage cost was prepared for the proposed drainage components.
Quantities were developed based on the preliminary drainage design for storm sewer,
storm drains, detention basins, and cross drainage structures. The preliminary drainage cost
of $21,911,533 includes a 20% contingency. The preliminary drainage construction cost
estimate is shown in Appendix H.
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Summary/Conclusions

The existing 1-45 typical section consists of an eight-lane highway divided by an HOV lane with storm-
sewer systems running along the main lanes and frontage roads. The proposed project will consist of
the following:

e Southbound and Northbound Frontage Roads -2-12' lanes and a 15’ shared lane
e Southbound and Northbound Mainlanes — 4-12’ lanes with 2-12’ shoulder on each side

e Southbound and Northbound Max Lanes — 2-12’ lanes with a 12’ shoulder in between the max
lanes and mainlanes

The project consists of three existing cross drainage structures draining to Little White Oak Bayou. The
general topography of the project area is very flat overland slopes consisting of heavily developed
commercial and residential areas for the majority of the I-45 project corridor. The study limits are from
North of Tidwell Road to South of Shepherd Drive, spanning approximately 1.9 miles.

Proposed drainage improvements have been designed and the following cross drainage structures
have been modeled:

FIGURE 5.1: Existing and Proposed Cross Drainage Structures

EXISTING PROPOSED
OUTFALL STATION OUTFALLS INTO
STRUCTURE SIZE | STRUCTURE SIZE
C5 1511+80 2-6'X6' RCBs 2-11'X6' RCBs E101-16-00
Ca 1548+90 2-6'X5' RCBs 1-10'X8' RCB E101-18-00
o7 1591+45 3-36" RCPs 2-6'X4' RCBs E101-18-04

Existing and proposed models have been developed for each cross drainage structure with the
following outflow and mitigation provided:

FIGURE 5.2: Cross Drainage Outflow and Mitigation Summary

REQUIRED 100-YR EXIST [100-YR PROPOSED| AVAILABLE EXCESS
OUTFALL | MITIGATION VOLUME OUTFLOW OUTFLOW DETENTION DETENTION
(ACRE-FT) (CFS) (CFS) (ACRE-FT) (ACRE-FT)
C5 20.00 673.98 663.62 49.65 29.65
C4 7.00 738.65 646.35 74.24 67.24
07 18.00 252.09 229.20 19.86 1.86

A preliminary drainage cost was prepared for the proposed drainage components. Quantities were
developed based on the preliminary drainage design for storm sewer, storm drains, detention basins,
and cross drainage structures. The preliminary drainage cost of $21,911,533 includes a 20%
contingency.
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The proposed drainage improvements presented in this study will not adversely impact existing
conditions for storm events up to and including the 100-year (Atlas 14) event.
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TABLE 1 - EXISTING HYDROLOGY

1-45
Small Watershed Method Hydrologic Calculations
TIME TIME
COMP TOTAL INC. WGH'T | OVERLAND | STRM. SWR| CHAN. OF OF COMP OVERLAND | STRM. SWR | CHAN.
POINT DRAINAGE | PAVED | GRASSED | RESIDENTIAL [ COMMERCIAL % RUNOFF | LENGTH LENGTH | LENGTH | CONCEN. | CONCEN. [ POINT VELOCITY | VELOCITY |VELOCITY
NAME AREA AREA AREA DEV. DEV. IMPERV. COEFF CALC. USED NAME
(AC) (AC) (AC) (AC) (AC) C (FT) (FT) (FT) TC TC (FPS) (FT) (FT)
IMP%>>> 100 0 18 55
C>>>> 0.9 0.35 0.45 0.65
EXISTING CONDITIONS:
1-45
07-4-205 2.60 2.14 0.46 0.00 0.00 82.31 0.80 93.00 0.00 707.00 11.49 11.493 07-4-205 0.75 3.00 1.25 12.20 | 10.87 | 9.58 7.90 6.66 503 | 2547 | 2268 | 20.00 | 16.49 | 13.89 | 10.51
07-4-211 5.64 3.40 2.24 0.00 0.00 60.28 0.68 105.00 0.00 701.00 11.68 11.680 07-4-211 0.75 3.00 1.25 12.14 | 10.81 9.53 7.86 6.62 500 | 46.66 | 41.55 | 36.63 | 30.20 | 2544 | 19.24
07-4-401 1.15 0.89 0.26 0.00 0.00 77.39 0.78 93.00 0.00 99.00 3.39 10.000 07-4-401 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 11.37 | 10.14 | 8.95 7.40 6.24 4.72
07-4-402 2.77 1.06 0.57 1.14 0.00 45.68 0.60 301.00 0.00 215.00 9.56 10.000 07-4-402 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 530 | 2124 | 1895 | 16.73 | 13.82 | 11.66 | 8.83
07-4-403 2.22 1.84 0.32 0.06 0.00 83.37 0.81 227.00 0.00 459.00 11.16 11.164 07-4-403 0.75 3.00 1.25 12.32 | 1097 | 9.68 7.98 6.73 509 | 22.11 | 19.70 | 17.37 | 14.33 | 12.08 | 9.14
07-4-404 0.59 0.55 0.04 0.00 0.00 93.22 0.86 54.00 0.00 70.00 2.13 10.000 07-4-404 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 6.49 5.79 511 4.22 3.56 2.70
07-4-207 0.50 0.47 0.03 0.00 0.00 94.00 0.87 72.00 0.00 63.00 2.44 10.000 07-4-207 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 5.53 4.93 4.35 3.60 3.03 2.30
07-4-406 1.81 1.69 0.12 0.00 0.00 93.37 0.86 75.00 0.00 194.00 4.25 10.000 07-4-406 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 19.92 | 17.77 | 1569 | 12.96 @ 10.93 | 8.28
07-4-407 2.64 0.94 1.70 0.00 0.00 35.61 0.55 380.00 0.00 75.00 9.44 10.000 07-4-407 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 18.37 | 16.39 | 14.47 | 11.95 | 10.08 7.63
07-4-408 1.62 0.71 0.91 0.00 0.00 43.83 0.59 178.00 0.00 134.00 5.74 10.000 07-4-408 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 12.20 | 10.89 | 9.61 7.94 6.70 5.07
07-4-409 2.38 1.46 0.92 0.00 0.00 61.34 0.69 234.00 0.00 233.00 8.31 10.000 07-4-409 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 530 | 20.85 @ 18.60 | 16.42 | 13.57 | 11.44 | 8.67
07-5-502 0.30 0.29 0.01 0.00 0.00 96.67 0.88 94.00 113.00 0.00 2.72 10.000 07-5-502 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 3.37 3.01 2.66 2.19 1.85 1.40
07-5-503 1.10 0.87 0.23 0.00 0.00 79.09 0.79 114.00 0.00 289.00 6.39 10.000 07-5-503 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 11.01 9.82 8.67 7.16 6.04 4.57
07-5-701 0.14 0.14 0.00 0.00 0.00 100.00 0.90 71.00 0.00 67.00 2.47 10.000 07-5-701 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 1.61 1.43 1.26 1.04 0.88 0.67
07-8-504 0.37 0.37 0.00 0.00 0.00 100.00 0.90 87.00 0.00 109.00 3.39 10.000 07-8-504 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 4.24 3.79 3.34 2.76 2.33 1.76
07-8-507 1.39 1.32 0.07 0.00 0.00 94.96 0.87 106.00 0.00 333.00 6.80 10.000 07-8-507 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 1545 | 13.79 | 12.17 | 10.06 | 8.48 6.42
07-8-508 0.78 0.78 0.00 0.00 0.00 100.00 0.90 67.00 0.00 487.00 7.98 10.000 07-8-508 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 8.95 7.98 7.05 5.82 4.91 3.72
07-8-509 0.36 0.35 0.01 0.00 0.00 97.22 0.88 51.00 0.00 220.00 4.07 10.000 07-8-509 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 4.06 3.62 3.20 2.64 2.23 1.69
07-8-511 1.36 1.16 0.20 0.00 0.00 85.29 0.82 227.00 0.00 82.00 6.14 10.000 07-8-511 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 14.20 | 12.67 | 11.18 | 9.24 7.79 5.90
07-8-513 0.17 0.16 0.01 0.00 0.00 94.12 0.87 70.00 0.00 106.00 2.97 10.000 07-8-513 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 1.88 1.68 1.48 1.22 1.03 0.78
07-8-514 0.37 0.30 0.07 0.00 0.00 81.08 0.80 39.00 0.00 150.00 2.87 10.000 07-8-514 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 3.75 3.35 2.96 2.44 2.06 1.56
07-8-515 2.33 1.82 0.48 0.03 0.00 78.34 0.78 281.00 0.00 359.00 11.03 11.031 07-8-515 0.75 3.00 1.25 12.36 | 11.02 | 9.72 8.02 6.76 5.11 2250 | 20.05 | 17.68 | 1459 | 12.30 | 9.30
07-8-516 0.25 0.25 0.00 0.00 0.00 100.00 0.90 33.00 0.00 157.00 2.83 10.000 07-8-516 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 2.87 2.56 2.26 1.87 1.57 1.19
07-8-602 1.04 0.72 0.32 0.00 0.00 69.23 0.73 113.00 0.00 214.00 5.36 10.000 07-8-602 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 9.69 8.64 7.63 6.30 5.32 4.03
07-8-604 1.34 1.21 0.13 0.00 0.00 90.30 0.85 66.00 0.00 434.00 7.25 10.000 07-8-604 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 14.46 | 12.90 | 11.39 | 9.41 7.94 6.01
07-8-801 0.18 0.10 0.08 0.00 0.00 55.56 0.66 49.00 0.00 92.00 2.32 10.000 07-8-801 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 1.50 1.34 1.18 0.98 0.83 0.63
07-8-802 0.17 0.14 0.03 0.00 0.00 82.35 0.80 26.00 0.00 155.00 2.64 10.000 07-8-802 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 1.74 1.55 1.37 1.13 0.95 0.72
07-8-803 2.35 2.33 0.02 0.00 0.00 99.15 0.90 63.00 0.00 435.00 7.20 10.000 07-8-803 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 530 | 26.82 | 23.92 | 21.12 | 1745 | 14.72 | 11.14
07-8-804 0.28 0.28 0.00 0.00 0.00 100.00 0.90 24.00 0.00 226.00 3.55 10.000 07-8-804 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 3.21 2.87 2.53 2.09 1.76 1.33
07-8-805 2.22 2.12 0.10 0.00 0.00 95.50 0.88 101.00 0.00 337.00 6.74 10.000 07-8-805 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 530 | 24.76 | 22.09 | 19.51 | 16.11 | 13.59 | 10.29
07-8-806 0.08 0.13 -0.05 0.00 0.00 162.50 1.24 31.00 0.00 77.00 1.72 10.000 07-8-806 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 1.27 1.13 1.00 0.83 0.70 0.53
07-8-808 0.15 0.15 0.00 0.00 0.00 100.00 0.90 23.00 0.00 50.00 1.18 10.000 07-8-808 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 1.72 1.54 1.36 1.12 0.94 0.72
07-8-809 0.71 0.71 0.00 0.00 0.00 100.00 0.90 97.00 0.00 230.00 5.22 10.000 07-8-809 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 8.14 7.27 6.41 5.30 4.47 3.38
07-0-002 2.59 1.62 0.97 0.00 0.00 62.55 0.69 36.00 0.00 418.00 6.37 10.000 | 07-0-002 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 530 | 2291 | 2044 | 18.05 | 14.91 | 1257 | 9.52
07-0-003 0.35 0.00 0.35 0.00 0.00 0.00 0.35 65.00 0.00 83.00 2.55 10.000 | 07-0-003 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 1.56 1.39 1.23 1.02 0.86 0.65
07-0-501 0.03 0.00 0.03 0.00 0.00 0.00 0.35 14.00 0.00 24.00 0.63 10.000 | 07-0-501 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 0.13 0.12 0.11 0.09 0.07 0.06
C4-2-201 1.39 1.24 0.15 0.00 0.00 89.21 0.84 82.00 0.00 246.00 5.10 10.000 C4-2-201 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 14.89 | 13.29 | 11.73 | 9.69 8.17 6.19
C4-2-202 2.87 2.61 0.26 0.00 0.00 90.94 0.85 146.00 0.00 353.00 7.95 10.000 C4-2-202 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 530 | 31.10 | 27.75 | 24.50 | 20.24 | 17.07 | 12.92
C4-2-205 1.34 1.20 0.14 0.00 0.00 89.55 0.84 124.00 0.00 234.00 5.88 10.000 C4-2-205 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 1439 | 12.84 | 11.33 | 9.36 7.90 5.98
C4-2-206 0.58 0.51 0.07 0.00 0.00 87.93 0.83 115.00 0.00 53.00 3.26 10.000 C4-2-206 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 6.16 5.50 4.85 4.01 3.38 2.56
C4-2-207 0.82 0.72 0.10 0.00 0.00 87.80 0.83 144.00 0.00 48.00 3.84 10.000 C4-2-207 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 8.70 7.77 6.86 5.66 4.78 3.62
C4-2-208 3.01 2.86 0.15 0.00 0.00 95.02 0.87 312.00 0.00 337.00 11.43 11.427 C4-2-208 0.75 3.00 1.25 12.23 | 10.89 | 9.60 7.92 6.67 505 | 32.11 | 28.60 | 2522 | 20.80 | 17.52 | 13.25
C4-2-209 2.75 2.53 0.22 0.00 0.00 92.00 0.86 77.00 0.00 416.00 7.26 10.000 C4-2-209 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 530 | 30.00 | 26.77 | 23.63 | 19.52 | 16.47 | 12.47
C4-2-210 1.17 1.15 0.02 0.00 0.00 98.29 0.89 69.00 0.00 642.00 10.09 10.093 C4-2-210 0.75 3.00 1.25 12.71 | 11.34 | 10.01 8.27 6.97 5.28 13.24 | 11.81 | 1043 | 8.61 7.27 5.50
C4-3-101 15.79 9.08 1.73 4.98 0.00 63.18 0.70 390.00 0.00 873.00 20.31 20.307 C4-3-101 0.75 3.00 1.25 9.86 8.71 7.64 6.25 5.24 3.93 | 108.68 | 96.00 | 84.17 | 68.87 | 57.69 | 43.31
C4-3-102 4.04 0.19 0.24 3.61 0.00 20.79 0.47 362.00 0.00 840.00 19.24 19.244 C4-3-102 0.75 3.00 1.25 10.09 | 8.92 7.82 6.41 5.37 4.03 18.96 | 16.76 | 14.70 | 12.04 | 10.09 7.58
C4-3-103 8.38 1.48 0.94 5.96 0.00 30.46 0.52 418.00 0.00 857.00 20.72 20.716 C4-3-103 0.75 3.00 1.25 9.78 8.64 7.57 6.19 5.19 3.89 | 4248 | 3751 | 32.88 | 26.90 | 22.52 | 16.91
C4-3-104 2.01 1.61 0.04 0.36 0.00 83.32 0.81 184.00 0.00 295.00 8.02 10.000 C4-3-104 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 530 | 20.71 | 1848 | 16.31 | 1348 | 11.37 | 8.61
C4-3-301 7.94 7.52 0.38 0.04 0.00 94.80 0.87 237.00 0.00 1097.00 19.89 19.893 C4-3-301 0.75 3.00 1.25 9.95 8.79 7.71 6.31 5.29 3.97 | 68.84 | 60.83 | 53.34 | 43.66 | 36.58 | 27.47
C4-3-302 1.69 1.48 0.21 0.00 0.00 87.57 0.83 85.00 0.00 460.00 8.02 10.000 C4-3-302 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 17.91 | 1598 | 14.11 | 11.66 | 9.83 7.44
C4-3-303 0.48 0.36 0.12 0.00 0.00 75.00 0.76 82.00 0.00 107.00 3.25 10.000 C4-3-303 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 4.66 4.16 3.67 3.04 2.56 1.94
C4-3-304 0.84 0.64 0.20 0.00 0.00 76.19 0.77 82.00 63.00 151.00 4.19 10.000 C4-3-304 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 8.23 7.35 6.49 5.36 4.52 3.42
C4-3-306 0.73 0.55 0.18 0.00 0.00 75.34 0.76 82.00 0.00 210.00 4.62 10.000 C4-3-306 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 7.11 6.35 5.60 4.63 3.90 2.96
C4-3-307 1.26 0.65 0.61 0.00 0.00 51.59 0.63 200.00 0.00 191.00 6.99 10.000 C4-3-307 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 10.18 | 9.08 8.02 6.62 5.59 4.23
C4-3-308 0.81 0.65 0.16 0.00 0.00 79.95 0.79 80.00 0.00 210.00 4.58 10.000 C4-3-308 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 8.18 7.30 6.45 5.32 4.49 3.40
C4-3-309 2.86 2.29 0.45 0.12 0.00 80.83 0.79 184.00 0.00 556.00 11.50 11.502 C4-3-309 0.75 3.00 1.25 12.20 | 10.86 | 9.58 7.90 6.66 503 | 27.72 | 2469 | 21.77 | 17.95 | 1513 | 11.44
C4-3-310 1.53 0.94 0.59 0.00 0.00 61.44 0.69 82.00 0.00 195.00 4.42 10.000 C4-3-310 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 13.41 | 11.97 | 10.57 | 873 7.36 5.57
C4-3-311 4.04 3.27 0.51 0.26 0.00 82.10 0.80 61.00 0.00 581.00 9.10 10.000 C4-3-311 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 530 | 41.28 | 36.83 | 32.51 | 26.86 | 22.65 | 17.15
C4-5-502 0.36 0.20 0.16 0.00 0.00 55.56 0.66 19.00 0.00 191.00 2.97 10.000 C4-5-502 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 3.01 2.68 2.37 1.96 1.65 1.25
C4-5-504 0.19 0.12 0.07 0.00 0.00 63.16 0.70 45.00 0.00 128.00 2.71 10.000 C4-5-504 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 1.69 1.51 1.33 1.10 0.93 0.70
C4-5-505 0.06 0.06 0.00 0.00 0.00 100.00 0.90 60.00 0.00 18.00 1.57 10.000 C4-5-505 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 0.69 0.61 0.54 0.45 0.38 0.29
C4-5-506 0.12 0.10 0.02 0.00 0.00 83.33 0.81 16.00 0.00 119.00 1.94 10.000 C4-5-506 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 1.24 1.10 0.97 0.80 0.68 0.51
C4-5-507 0.21 0.21 0.00 0.00 0.00 100.00 0.90 27.00 0.00 174.00 2.92 10.000 C4-5-507 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 2.41 2.15 1.90 1.57 1.32 1.00
C4-5-510 0.13 0.01 0.12 0.00 0.00 7.69 0.39 23.00 0.00 86.00 1.66 10.000 C4-5-510 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 0.65 0.58 0.51 0.42 0.36 0.27
C4-5-511 0.10 0.10 0.00 0.00 0.00 100.00 0.90 43.00 0.00 41.00 1.50 10.000 C4-5-511 0.75 3.00 1.25 12.75 | 11.37 | 10.04 | 8.29 6.99 5.30 1.15 1.02 0.90 0.75 0.63 0.48
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Small Watershed Method Hydrologic Calculations

TIME TIME

COMP TOTAL INC. WGH'T | OVERLAND | STRM. SWR| CHAN. OF OF COMP OVERLAND | STRM. SWR CHAN.

POINT DRAINAGE | PAVED | GRASSED | RESIDENTIAL | COMMERCIAL % RUNOFF LENGTH LENGTH LENGTH | CONCEN. | CONCEN. POINT VELOCITY VELOCITY | VELOCITY

NAME AREA AREA AREA DEV. DEV. IMPERV. COEFF CALC. USED NAME

(AC) (AC) (AC) (AC) (AC) C (FT) (FT) (FT) TC TC (FPS) (FT) (FT)

C4-5-512 0.13 0.13 0.00 0.00 0.00 100.00 0.90 56.00 0.00 87.00 2.40 10.000 C4-5-512 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 1.49 1.33 1.17 0.97 0.82 0.62
C4-5-514 0.08 0.08 0.00 0.00 0.00 100.00 0.90 36.00 0.00 66.00 1.68 10.000 C4-5-514 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 0.92 0.82 0.72 0.60 0.50 0.38
C4-5-515 0.11 0.11 0.00 0.00 0.00 100.00 0.90 15.00 0.00 221.00 3.28 10.000 C4-5-515 0.75 3.00 1.256 12.75 11.37 10.04 8.29 6.99 5.30 1.26 1.13 0.99 0.82 0.69 0.52
C4-5-702 0.16 0.16 0.00 0.00 0.00 100.00 0.90 19.00 0.00 92.00 1.65 10.000 C4-5-702 0.75 3.00 1.256 12.75 11.37 10.04 8.29 6.99 5.30 1.84 1.64 1.45 1.19 1.01 0.76
C4-5-801 1.40 1.39 0.01 0.00 0.00 99.29 0.90 80.00 0.00 375.00 6.78 10.000 C4-5-801 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 15.99 14.26 12.59 10.40 8.77 6.64
C4-5-802 1.12 0.37 0.05 0.70 0.00 44.29 0.59 162.00 0.00 378.00 8.64 10.000 C4-5-802 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 8.48 7.57 6.68 5.52 4.65 3.53
C4-5-803 0.15 0.15 0.00 0.00 0.00 100.00 0.90 47.00 0.00 54.00 1.76 10.000 C4-5-803 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 1.72 1.54 1.36 1.12 0.94 0.72
C4-5-804 0.03 0.03 0.00 0.00 0.00 100.00 0.90 17.00 0.00 26.00 0.72 10.000 C4-5-804 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 0.34 0.31 0.27 0.22 0.19 0.14
C4-5-806 0.07 0.07 0.00 0.00 0.00 100.00 0.90 35.00 0.00 40.00 1.31 10.000 C4-5-806 0.75 3.00 1.256 12.75 11.37 10.04 8.29 6.99 5.30 0.80 0.72 0.63 0.52 0.44 0.33
C4-5-808 1.19 0.19 0.03 0.97 0.00 30.64 0.52 33.00 0.00 263.00 4.24 10.000 C4-5-808 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 7.88 7.03 6.20 5.13 4.32 3.27
C4-5-809 0.20 0.20 0.00 0.00 0.00 100.00 0.90 29.00 0.00 196.00 3.26 10.000 C4-5-809 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 2.29 2.05 1.81 1.49 1.26 0.95
C4-6-601 2.02 0.94 0.35 0.73 0.00 53.04 0.64 235.00 0.00 94.00 6.48 10.000 C4-6-601 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 16.53 14.75 13.02 10.76 9.07 6.87
C4-7-701 1.58 1.47 0.11 0.00 0.00 93.04 0.86 74.00 0.00 482.00 8.07 10.000 C4-7-701 0.75 3.00 1.256 12.75 11.37 10.04 8.29 6.99 5.30 17.35 15.48 13.67 11.29 9.52 7.21
C4-0-201 1.57 1.57 0.00 0.00 0.00 100.00 0.90 163.00 0.00 290.00 7.49 10.000 C4-0-201 0.75 3.00 1.256 12.75 11.37 10.04 8.29 6.99 5.30 18.01 16.07 14.19 11.72 9.88 7.48
C5-2-201 0.69 0.55 0.14 0.00 0.00 79.71 0.79 77.00 0.00 110.00 3.18 10.000 C5-2-201 0.75 3.00 1.256 12.75 11.37 10.04 8.29 6.99 5.30 6.93 6.19 5.46 4.51 3.81 2.88
C5-2-202 0.69 0.55 0.14 0.00 0.00 79.71 0.79 78.00 0.00 165.00 3.93 10.000 C5-2-202 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 6.93 6.19 5.46 4.51 3.81 2.88
C5-2-203 0.65 0.40 0.10 0.15 0.00 65.69 0.71 111.00 0.00 129.00 4.19 10.000 C5-2-203 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 5.89 5.26 4.64 3.84 3.23 2.45
C5-2-204 0.95 0.53 0.17 0.25 0.00 60.53 0.68 110.00 0.00 159.00 4.56 10.000 C5-2-204 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 8.27 7.38 6.52 5.38 4.54 3.44
C5-2-205 0.63 0.32 0.09 0.22 0.00 57.08 0.66 106.00 0.00 79.00 3.41 10.000 C5-2-205 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 5.33 4.76 4.20 3.47 2.93 2.22
C5-2-206 0.72 0.44 0.12 0.16 0.00 65.11 0.71 106.00 0.00 61.00 3.17 10.000 C5-2-206 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 6.50 5.80 5.12 4.23 3.57 2.70
C5-2-207 1.68 0.99 0.20 0.49 0.00 64.18 0.70 99.00 0.00 226.00 5.21 10.000 C5-2-207 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 15.06 13.43 11.86 9.80 8.26 6.26
C5-2-208 2.00 1.18 0.20 0.62 0.00 64.58 0.71 104.00 0.00 297.00 6.27 10.000 C5-2-208 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 17.98 16.04 14.16 11.70 9.87 7.47
C5-2-209 2.33 1.48 0.10 0.75 0.00 69.31 0.73 61.00 0.00 656.00 10.10 10.102 C5-2-209 0.75 3.00 1.256 12.71 11.33 10.01 8.26 6.97 5.28 21.66 19.32 17.06 14.09 11.88 9.00
C5-3-101 0.26 0.26 0.00 0.00 0.00 100.00 0.90 46.00 0.00 90.00 2.22 10.000 C5-3-101 0.75 3.00 1.256 12.75 11.37 10.04 8.29 6.99 5.30 2.98 2.66 2.35 1.94 1.64 1.24
C5-3-102 1.00 0.33 0.12 0.55 0.00 42.90 0.59 64.00 0.00 528.00 8.46 10.000 C5-3-102 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 7.48 6.67 5.89 4.86 4.10 3.11
C5-3-104 0.89 0.15 0.20 0.54 0.00 27.78 0.50 74.00 0.00 484.00 8.10 10.000 C5-3-104 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 5.71 5.09 4.50 3.72 3.13 2.37
C5-3-105 0.69 0.18 0.15 0.36 0.00 35.48 0.55 35.00 0.00 477.00 7.14 10.000 C5-3-105 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 4.80 4.28 3.78 3.12 2.63 1.99
C5-3-106 2.90 0.60 0.68 1.62 0.00 30.74 0.52 286.00 0.00 477.00 12.72 12.716 C5-3-106 0.75 3.00 1.25 11.80 10.49 9.24 7.61 6.41 4.84 17.78 15.81 13.93 11.47 9.66 7.30
C5-3-301 0.78 0.61 0.17 0.00 0.00 78.21 0.78 78.00 0.00 126.00 3.41 10.000 C5-3-301 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 7.76 6.92 6.11 5.056 4.26 3.22
C5-3-302 1.08 0.87 0.21 0.00 0.00 80.56 0.79 157.00 0.00 125.00 5.16 10.000 C5-3-302 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 10.92 9.74 8.60 7.10 5.99 4.54
C5-3-303 0.55 0.40 0.15 0.00 0.00 72.73 0.75 150.00 0.00 76.00 4.35 10.000 C5-3-303 0.75 3.00 1.256 12.75 11.37 10.04 8.29 6.99 5.30 5.26 4.69 4.14 3.42 2.89 2.18
C5-3-304 0.97 0.86 0.11 0.00 0.00 88.66 0.84 184.00 0.00 69.00 5.01 10.000 C5-3-304 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 10.36 9.24 8.16 6.74 5.68 4.30
C5-3-305 2.18 1.87 0.31 0.00 0.00 85.78 0.82 80.00 0.00 351.00 6.46 10.000 C5-3-305 0.75 3.00 1.256 12.75 11.37 10.04 8.29 6.99 5.30 22.83 | 20.37 17.98 14.86 12.53 9.49
C5-3-307 3.22 1.17 0.89 1.16 0.00 42.82 0.59 86.00 0.00 584.00 9.70 10.000 C5-3-307 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 24.04 21.45 18.94 15.65 13.20 9.99
C5-3-309 2.89 1.44 1.01 0.44 0.00 52.57 0.64 362.00 0.00 253.00 11.42 11.418 C5-3-309 0.75 3.00 1.25 12.23 10.89 9.60 7.92 6.67 5.05 22.59 | 20.12 17.74 14.63 12.33 9.33
C5-3-310 6.44 5.68 0.61 0.15 0.00 88.62 0.84 409.00 0.00 446.00 15.04 15.036 C5-3-310 0.75 3.00 1.25 11.11 9.86 8.67 7.13 5.99 4.52 59.94 53.18 | 46.77 | 3844 | 32.30 | 24.35
C5-6-601 2.69 2.51 0.18 0.00 0.00 93.31 0.86 435.00 0.00 167.00 11.89 11.893 C5-6-601 0.75 3.00 1.25 12.07 10.74 9.47 7.81 6.57 4.97 28.02 | 24.94 21.99 18.12 15.26 11.54
C5-6-602 1.60 1.44 0.16 0.00 0.00 90.00 0.85 299.00 0.00 73.00 7.62 10.000 C5-6-602 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 17.23 16.37 13.57 11.21 9.46 7.16
C5-6-603 3.82 3.58 0.09 0.15 0.00 94.42 0.87 362.00 0.00 239.00 11.23 11.231 C5-6-603 0.75 3.00 1.25 12.29 10.95 9.66 7.97 6.71 5.08 40.83 | 36.37 | 32.08 | 26.46 | 22.30 16.87
C5-6-604 2.27 2.07 0.17 0.03 0.00 91.43 0.85 109.00 0.00 445.00 8.36 10.000 C5-6-604 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 24.67 | 22.01 19.44 16.06 13.54 10.25
C5-6-605 2.58 2.22 0.20 0.16 0.00 87.16 0.83 319.00 0.00 284.00 10.88 10.876 C5-6-605 0.75 3.00 1.25 12.42 11.07 9.77 8.06 6.79 5.14 26.58 | 23.69 20.90 17.25 14.54 11.00
C5-6-606 2.37 1.67 0.42 0.28 0.00 72.59 0.75 75.00 0.00 741.00 11.55 11.547 C5-6-606 0.75 3.00 1.25 12.18 10.85 9.57 7.89 6.65 5.03 21.64 19.27 16.99 14.01 11.80 8.93

C5-700 0.83 0.62 0.21 0.00 0.00 74.70 0.76 78.00 0.00 233.00 4.84 10.000 C5-700 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 8.05 7.18 6.34 5.24 4.42 3.34
C5-7-702 0.67 0.53 0.14 0.00 0.00 79.10 0.79 77.00 0.00 124.00 3.36 10.000 C5-7-702 0.75 3.00 1.256 12.75 11.37 10.04 8.29 6.99 5.30 6.70 5.98 5.28 4.36 3.68 2.79
C5-7-703 0.66 0.53 0.13 0.00 0.00 80.30 0.79 78.00 0.00 124.00 3.39 10.000 C5-7-703 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 6.66 5.94 5.25 4.33 3.65 2.77
C5-7-704 5.31 4.73 0.53 0.05 0.00 89.25 0.84 90.00 0.00 815.00 12.87 12.867 C5-7-704 0.75 3.00 1.25 11.75 10.45 9.20 7.58 6.38 4.82 52.47 | 46.65 | 41.09 | 33.84 | 28.48 | 21.51
07-1-103 29.57 25.06 3.63 0.88 0.00 85.28 0.82 427.00 0.00 1672.00 31.78 31.782 07-1-103 0.75 3.00 1.25 8.03 7.05 6.15 4.99 4.16 3.10 194.57 | 170.71 | 148.89 | 120.94 | 100.75 | 75.04
07-1-104 0.65 0.38 0.27 0.00 0.00 58.46 0.67 86.00 0.00 111.00 3.39 10.000 07-1-104 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 5.56 4.96 4.38 3.62 3.05 2.31
07-1-105 3.66 3.49 0.17 0.00 0.00 95.36 0.87 164.00 0.00 727.00 13.34 13.338 07-1-105 0.75 3.00 1.25 11.60 10.31 9.08 7.48 6.29 4.75 37.14 33.01 29.07 | 23.93 20.13 15.20
07-1-107 0.62 0.07 0.55 0.00 0.00 11.29 0.41 32.00 0.00 305.00 4.78 10.000 07-1-107 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 3.26 2.91 2.56 2.12 1.79 1.35
07-1-109 0.58 0.44 0.14 0.00 0.00 75.86 0.77 118.00 0.00 101.00 3.97 10.000 07-1-109 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 5.67 5.06 4.47 3.69 3.11 2.36
07-1-111 0.53 0.43 0.10 0.00 0.00 81.13 0.80 165.00 0.00 91.00 4.88 10.000 07-1-111 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 5.38 4.80 4.24 3.50 2.95 2.24
07-1-502 1.35 1.14 0.21 0.00 0.00 84.44 0.81 249.00 0.00 77.00 6.56 10.000 07-1-502 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 14.01 12.50 11.04 9.12 7.69 5.82
07-1-504 1.81 1.68 0.13 0.00 0.00 92.82 0.86 193.00 0.00 108.00 5.73 10.000 07-1-504 0.75 3.00 1.256 12.75 11.37 10.04 8.29 6.99 5.30 19.85 17.71 15.64 12.92 10.89 8.25
07-1-506 0.03 0.02 0.01 0.00 0.00 66.67 0.72 24.00 0.00 21.00 0.81 10.000 07-1-506 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 0.27 0.24 0.22 0.18 0.15 0.11
07-1-508 0.86 0.77 0.09 0.00 0.00 89.53 0.84 302.00 0.00 18.00 6.95 10.000 07-1-508 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 9.23 8.24 7.27 6.01 5.07 3.84
07-1-510 3.74 3.62 0.12 0.00 0.00 96.79 0.88 618.00 0.00 68.00 14.64 14.640 07-1-510 0.75 3.00 1.25 11.22 9.96 8.76 7.20 6.06 4.57 37.04 32.87 | 28.92 | 23.78 19.99 15.07
07-1-511 0.26 0.26 0.00 0.00 0.00 100.00 0.90 68.00 0.00 85.00 2.64 10.000 07-1-511 0.75 3.00 1.25 12.75 11.37 10.04 8.29 6.99 5.30 2.98 2.66 2.35 1.94 1.64 1.24
C4-0-901 15.96 2.52 0.35 13.09 0.00 30.55 0.52 571.00 0.00 763.00 22.86 22.862 C4-0-901 0.75 3.00 1.25 9.37 8.26 7.24 5.91 4.94 3.70 77.60 68.43 59.91 48.93 | 40.93 | 30.67
C4-0-903 27.90 4.98 0.00 22.92 0.00 32.64 0.53 1151.00 0.00 1288.00 42.75 42.751 C4-0-903 0.75 3.00 1.25 6.90 6.03 5.24 4.23 3.51 2.60 102.10 | 89.17 77.48 62.61 51.94 38.45
C4-0-912 29.27 10.96 0.00 18.31 0.00 48.70 0.62 1158.00 0.00 916.00 37.95 37.947 C4-0-912 0.75 3.00 1.25 7.35 6.43 5.59 4.53 3.76 2.79 132.98 | 116.36 | 101.26 | 82.00 | 68.15 | 50.57
C4-0-914 25.88 16.63 0.45 8.80 0.00 70.38 0.74 754.00 0.00 1138.00 31.93 31.929 C4-0-914 0.75 3.00 1.25 8.02 7.03 6.13 4.98 4.15 3.09 162.97 | 134.20 | 117.03 | 95.06 79.19 | 58.98
C4-0-915 60.98 13.94 0.11 46.93 0.00 36.71 0.55 2014.00 0.00 1060.00 58.89 58.889 C4-0-915 0.75 3.00 1.256 5.78 5.03 4.35 3.49 2.88 2.12 194.92 | 169.43 | 146.58 | 117.75 | 97.22 71.41
C4-0-918 10.93 7.83 0.00 3.10 0.00 76.74 0.77 143.00 0.00 1498.00 23.15 23.151 C4-0-918 0.75 3.00 1.25 9.32 8.22 7.19 5.87 4.91 3.68 78.67 | 69.36 | 60.72 | 49.58 | 41.47 | 31.07

0S-10 9.31 8.88 0.43 0.00 0.00 95.38 0.87 158.00 1091.00 162.00 11.73 11.732 0S-10 0.75 3.00 1.25 12.12 10.79 9.51 7.84 6.61 5.00 98.70 | 87.87 7747 | 63.87 | 53.80 | 40.68

0S-14 150.57 8.76 1.94 139.87 0.00 22.54 0.47 442.00 2783.00 1755.00 48.68 48.683 0S-14 0.75 3.00 1.25 6.43 5.61 4.86 3.92 3.25 2.40 | 459.94 | 400.94 | 347.76 | 280.36 | 232.15 | 171.31
C5-0-901 100.94 14.74 0.00 86.20 0.00 29.97 0.52 321.00 1225.00 2007.00 40.70 40.699 C5-0-901 0.75 3.00 1.256 7.08 6.19 5.38 4.35 3.61 2.68 | 368.67 | 322.25 | 280.17 | 226.60 @ 188.13 | 139.40
C5-0-902 84.01 10.95 0.00 73.06 0.00 28.69 0.51 472.00 2294.00 0.00 23.23 23.233 C5-0-902 0.75 3.00 1.25 9.30 8.20 7.18 5.86 4.90 3.67 | 397.60 | 350.50 | 306.84 | 250.54 | 209.55 | 156.98
C5-0-903 69.66 11.82 0.30 57.54 0.00 31.84 0.53 132.00 1233.00 1431.00 28.86 28.863 C5-0-903 0.75 3.00 1.25 8.42 7.40 6.46 5.25 4.38 3.27 | 308.40 | 270.97 | 236.61 | 192.51 | 160.58 | 119.83
C5-0-904 73.85 23.29 0.35 50.21 0.00 43.77 0.59 354.00 1683.00 882.00 28.98 28.977 C5-0-904 0.75 3.00 1.25 8.40 7.38 6.45 5.24 4.37 3.26 | 366.99 | 322.44 | 281.53 | 229.04 | 191.04 | 142.55
C4-0-001 118.68 51.51 1.14 66.03 0.00 53.42 0.64 311.00 2177.00 3708.00 68.45 68.446 C4-0-001 0.75 3.00 1.25 5.30 4.60 3.97 3.18 2.62 1.92 | 405.53 | 351.71 | 303.65 | 243.24 | 200.35 | 146.59

XS-43 14.97 5.06 1.34 8.57 0.00 4411 0.59 803.00 0.00 506.00 24.59 24.591 XS-43 0.75 3.00 1.25 9.07 7.99 6.99 5.70 4.77 3.57 80.54 70.94 62.06 | 50.63 | 42.31 31.67
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1-45

Small Watershed Method Hydrologic Calculations

TIME TIME

COMP TOTAL INC. WGH'T | OVERLAND | STRM. SWR| CHAN. OF OF COMP OVERLAND | STRM. SWR CHAN.
POINT DRAINAGE | PAVED | GRASSED | RESIDENTIAL | COMMERCIAL % RUNOFF LENGTH LENGTH LENGTH | CONCEN. | CONCEN. POINT VELOCITY VELOCITY | VELOCITY
NAME AREA AREA AREA DEV. DEV. IMPERV. COEFF CALC. USED NAME

(AC) (AC) (AC) (AC) (AC) C (FT) (FT) (FT) TC TC (FPS) (FT) (FT)
XS-31 48.18 1.33 0.04 46.81 0.00 20.25 0.46 1055.00 0.00 2258.00 53.55 53.551 XS-31 0.75 3.00 1.25 6.10 5.31 4.60 3.70 3.06 2.25 136.92 | 118.31 | 102.49 | 82.48 | 68.20 | 50.21
XS-40 8.65 0.00 0.62 8.03 0.00 16.71 0.44 396.00 0.00 495.00 15.40 15.400 XS-40 0.75 3.00 1.25 11.01 9.77 8.59 7.06 5.93 4.47 42.19 | 37.42 | 32.91 27.03 22.71 17.12
XS-37 9.93 2.05 0.25 7.63 0.00 34.48 0.54 660.00 0.00 479.00 21.05 21.053 XS-37 0.75 3.00 1.25 9.71 8.58 7.52 6.15 5.15 3.86 52.12 | 46.02 | 40.33 | 3298 | 27.62 | 20.72
XS-33 20.07 3.54 2.49 14.04 0.00 30.23 0.52 892.00 0.00 721.00 29.44 29.436 XS-33 0.75 3.00 1.25 8.34 7.32 6.39 5.20 4.34 3.24 86.52 76.00 | 66.35 | 53.96 | 45.00 | 33.57
TOTAL 1102.03 360.57 42.35 699.11 0.00 4414 0.59
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TABLE 2



TABLE 2 - EXISTING CROSS DRAINAGE HYDRAULIC RESULTS

ST N NODE 10-YR 100-YR ALLOWABLE HEADWATER MEETS DRAINAGE CRITERIA
LOCATION WSEL WSEL MAINLANE SBFR NBFR 10-YR 100-YR
07 07-0-001 U/S; SBFR, ML 79.72 80.50 82.60 82.28 80.16 YES YES
c4 C4-400 U/S; NBFR, ML 77.46 78.63 78.79 77.06 76.53 NO YES
5 C5-600 U/S; NBFR, ML 71.22 71.80 72.36 70.60 70.50 NO YES




EXISTING 10-YR



Table 2 - EXISTING NHHIP SEGMENT 1 1-45 SWMM Hydraulic Summary (10-YEAR)

Upstream Downstream ) . ) Max ) .
Name Link Name Shape Upstream Downstream Invert Invert Number of B?ttom Dla.meter Length ft Conduit | Max Flow | Time to Velocity Maxmn_um Water Mamm'um Water
Node Name | Node Name . ) Barrels Width ft  [(Height) ft Slope cfs Peak hr Elevation (US) ft | Elevation (DS) ft
Elevation ft Elevation ft ft/s
L-07-0-500 L-07-0-500 Natural 07-0-000 C4-0-920 75.79 75.41 1 0 6.01 569.04 0.07 160.06 16.10 1.35 79.72 79.67
L_L-07-500 L_L-07-500 Circular 07-500 07-0-000 75.72 75.76 3 0 3.00 257.95 -0.02 24.08 15.76 1.17 79.72 79.72
L_L-07-5-501 L_L-07-5-501 Circular 07-5-501 07-500 76.72 75.72 1 0 1.50 81.47 1.23 9.89 16.00 5.56 79.92 79.72
L_L-07-0-001 L_L-07-0-001 Circular 07-0-001 07-500 75.52 75.72 3 0 3.00 44.32 -0.45 14.84 15.75 0.87 79.72 79.72
L_L-07-5-502 L_L-07-5-502 Circular 07-5-502 07-5-501 77.06 76.72 1 0 1.50 14.15 2.40 3.14 15.76 2.98 79.93 79.92
L-07-5-502.1 L_L-07-5-502.1 Trapezoidal 07-5-502 07-0-002 81.45 82.5 1 100 5.00 70.00 -1.50 0.00 0.00 0.00 0.00 0.00
L_L-O07-5-503 L_L-07-5-503 Circular 07-5-503 07-5-501 77.29 76.72 1 0 1.50 91.17 0.63 6.99 16.00 3.93 80.30 79.92
L_L-07-0-002 L_L-07-0-002 Circular 07-0-002 07-0-001 76.14 75.52 1 0 2.50 20.90 2.97 14.89 15.75 4.17 79.72 79.72
L_L-07-5-701 L_L-07-5-701 Circular 07-5-701 07-5-502 77.08 77.08 1 0 1.50 24.95 0.00 1.01 15.76 1.62 79.93 79.93
L_L-07-4-201 SS L_L-07-4-201 Rectangular 07-4-201 07-0-000 76.04 75.84 2 4 2.00 115.97 0.17 107.26 16.20 6.67 80.77 79.72
L_L-O7-4-201 RDWY L_L-07-4-201 Natural 07-4-201 07-0-000 80.48 81.02 1 0 10.00 115.97 -0.47 0.00 0.00 0.00 0.00 0.00
L_L-07-4-202 SS L_L-07-4-202 Rectangular 07-4-202 07-4-201 76.11 76.04 2 4 2.00 40.48 0.17 100.18 16.03 6.22 80.99 80.77
L_L-07-4-202 RDWY L_L-07-4-202 Natural 07-4-202 07-4-201 80.24 80.48 1 0 10.00 40.48 -0.59 16.30 16.29 1.71 80.99 80.93
L_L-07-4-203 SS L_L-07-4-203 Circular 07-4-203 07-4-202 76.54 76.11 1 0 2.00 296.10 0.17 21.95 15.54 7.10 81.82 80.99
L_L-O07-4-203 RDWY L_L-07-4-203 Natural 07-4-203 07-4-202 80.36 80.24 1 0 10.00 296.10 0.04 89.79 16.21 2.96 81.82 81.21
L_L-07-4-401 L_L-07-4-401 Circular 07-4-401 07-4-202 76.5 76.11 1 0 2.00 48.14 0.81 7.25 16.00 2.29 81.01 80.99
L_L-07-4-204 SS L_L-07-4-204 Circular 07-4-204 07-4-203 76.77 76.54 1 0 2.00 296.66 0.08 11.08 15.32 3.51 81.94 81.82
L_L-O07-4-204 RDWY L_L-07-4-204 Natural 07-4-204 07-4-203 80.45 80.36 1 0 10.00 296.66 0.03 62.28 16.17 1.58 81.94 81.82
L_L-O07-4-204 DITCH L_L-07-4-204 Natural 07-4-204 07-4-203 79.95 79.98 1 0 10.00 296.66 -0.01 24.41 16.17 2.15 81.94 81.82
L_L-07-4-402 SS L_L-07-4-402 Circular 07-4-402 07-4-203 76.54 76.48 1 0 1.50 35.41 0.17 8.66 15.41 4.85 81.82 81.82
L_L-O07-4-402 RDWY L_L-07-4-402 Trapezoidal 07-4-402 07-4-203 80.36 80.33 1 100 5.00 35.41 0.09 12.79 15.99 0.68 81.82 81.82
L_L-O07-4-205 L_L-07-4-205 Circular 07-4-205 07-4-204 76.84 76.77 1 0 2.00 68.46 0.10 16.34 16.00 5.15 82.22 81.94
L_L-07-4-206 SS L_L-07-4-206 Circular 07-4-206 07-4-204 76.92 76.77 1 0 1.50 194.87 0.08 7.42 19.08 4.16 81.99 81.94
L_L-07-4-206 RDWY L_L-07-4-206 Natural 07-4-206 07-4-204 80.79 80.45 1 0 10.00 194.87 0.17 45.99 16.22 1.38 81.99 81.94
L_L-07-4-206 DITCH L_L-07-4-206 Natural 07-4-206 07-4-204 80.47 79.95 1 0 10 194.87 0.267 18.575 16.231 2.1 81.99 81.94
L_L-O7-4-403 SS L_L-07-4-403 Circular 07-4-403 07-4-204 76.77 76.72 1 0 1.5 30.41 0.164 8.399 19.035 4.71 81.94 81.94
L_L-O7-4-403 RDWY L_L-07-4-403 Trapezoidal 07-4-403 07-4-204 80.48 80.45 1 100 5 30.41 0.099 13.647 15.996 0.82 81.94 81.94
L_L-07-4-207 SS L_L-07-4-207 Circular 07-4-207 07-4-206 77.15 76.92 1 0 1.5 110.45 0.208 6.651 19.176 3.73 82.03 81.99
L_L-07-4-207 RDWY L_L-07-4-207 Natural 07-4-207 07-4-206 80.65 80.79 1 0 10 110.45 -0.127 46.713 16.216 1.46 82.03 81.99
L_L-07-4-207 DITCH L_L-07-4-207 Natural 07-4-207 07-4-206 80.57 80.47 1 0 10 110.45 0.091 14.374 16.212 1.94 82.03 81.99
L_L-07-4-404 SS L_L-07-4-404 Circular 07-4-404 07-4-206 77.5 75.72 1 0 1.5 13.3 13.383 1.713 15.37 0.96 81.99 81.99
L_L-O7-4-404 RDWY L_L-07-4-404 Trapezoidal 07-4-404 07-4-206 80.78 80.77 1 100 5 13.3 0.075 3.659 15.993 0.09 81.99 81.99
L_L-07-4-208 SS L_L-07-4-208 Circular 07-4-208 07-4-207 77.19 77.15 1 0 1.5 279.63 0.014 5.853 19.695 3.29 82.13 82.03
L_L-07-4-208 RDWY L_L-07-4-208 Natural 07-4-208 07-4-207 80.92 80.65 1 0 10 279.63 0.097 46.223 16.197 1.47 82.13 82.03
L_L-07-4-208 DITCH L_L-07-4-208 Natural 07-4-208 07-4-207 80.7 80.57 1 0 10 279.63 0.046 12.414 16.196 1.74 82.13 82.03
L_L-O07-4-405 SS L_L-07-4-405 Circular 07-4-405 07-4-207 77.33 77.15 1 0 1.5 32 0.66 9.22 19.8 5.16 82.52 82.52
L_L-O7-4-405 RDWY L_L-07-4-405 Trapezoidal 07-4-405 07-4-207 81.5 81.47 1 100 5 32 0.1 4.832 16.253 0.81 82.52 82.52
L_L-07-4-209 SS L_L-07-4-209 Circular 07-4-209 07-4-208 77.36 77.19 1 0 1.5 371.57 0.046 5.398 20.795 3.04 82.18 82.13
L_L-07-4-209 RDWY L_L-07-4-209 Natural 07-4-209 07-4-208 80.48 80.92 1 0 10 371.57 -0.118 40.292 16.178 0.77 82.18 82.13
L_L-07-4-209 DITCH L_L-07-4-209 Natural 07-4-209 07-4-208 80.34 80.7 1 0 10 371.57 -0.097 9.91 16.167 1.18 82.18 82.13
L_L-O7-4-406 SS L_L-07-4-406 Circular 07-4-406 07-4-208 78.02 77.19 1 0 1.5 29.6 2.804 6.215 19.72 3.49 82.13 82.13
L_L-O7-4-406 RDWY L_L-07-4-406 Trapezoidal 07-4-406 07-4-208 81 80.92 1 100 5 29.6 0.034 11.617 15.928 0.87 82.13 82.13
L_L-07-4-210 SS L_L-07-4-210 Circular 07-4-210 07-4-209 77.4 77.36 1 0 1.5 207.43 0.005 5.148 20.993 2.9 82.20 82.18
L_L-07-4-210 RDWY L_L-07-4-210 Natural 07-4-210 07-4-209 80.57 80.48 1 0 10 207.43 0.043 42.644 16.054 0.85 82.20 82.18
L_L-07-4-407 SS L_L-07-4-407 Circular 07-4-407 07-4-209 77.95 77.36 1 0 1.5 64.6 0.913 6.427 15.138 3.62 82.18 82.18
L_L-O07-4-407 RDWY L_L-07-4-407 Trapezoidal 07-4-407 07-4-209 80.72 80.71 1 100 5 64.6 0.015 10.112 15.828 0.54 82.18 82.18
L_L-07-4-211 SS L_L-07-4-211 Circular 07-4-211 07-4-210 77.43 77.4 1 0 1.5 119.28 0.05 8.638 15.609 4.82 82.49 82.20
L_L-07-4-211 RDWY L_L-07-4-211 Trapezoidal 07-4-211 07-4-210 82.22 82.21 1 100 5 119.28 0.008 22.577 15.974 1.2 82.49 82.30
L_L-07-4-212 SS L_L-07-4-212 Circular 07-4-212 07-4-210 77.42 77.4 1 0 1.5 233.59 0.021 -2.13 15.203 -1.24 82.20 82.20
L_L-07-4-212 RDWY L_L-07-4-212 Natural 07-4-212 07-4-210 80.36 80.57 1 0 10 233.59 -0.09 11.987 16.225 -0.36 82.20 82.20
L_L-07-4-408 SS L_L-O7-4-408 Circular 07-4-408 07-4-210 76.95 77.4 1 0 1.5 59.27 -0.759 3.058 20.992 1.72 82.20 82.20
L_L-O7-4-408 RDWY L_L-07-4-408 Trapezoidal 07-4-408 07-4-210 81.22 81.16 1 100 5 59.27 0.101 6.668 16.203 0.17 82.20 82.20
L_L-O07-4-409 SS L_L-07-4-409 Circular 07-4-409 07-4-212 77.47 77.42 2 0 1.5 22.32 0.224 3.133 21.196 0.88 82.20 82.20
L_L-O07-4-409 RDWY L_L-