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1 Executive Summary

The Post Oak Creek flood protection planning effort provides the community with a unique
means for acting on the recommendations of the City of Sherman 2009 Comprehensive Plan
(Comprehensive Plan) by considering specific steps for addressing the impacts of flooding in
the community. The flood protection plan provides the City of Sherman with the means of
advancing a program of proactive management of the City’s floodplain by taking into
consideration new information, such as the data generated by hydraulic and hydrologic models,
and developing plans for minimizing the impacts of future flood events on people and property.
The flood protection plan provides a concise list of structural measures for mitigating flood
damage in the form of capital construction projects, as well as non-structural measures, such as
acquisition and removal of properties located in the floodplain that have experienced repetitive
damages as a result of flooding.

The Post Oak Creek watershed has a drainage area of 33 square miles and a total of 50.5 miles
of stream and includes much of the developed area of the City of Sherman (Figure ES-1). The
Post Oak Creek Flood Protection Plan (FPP) is an engineering analysis of the flooding risks
facing private and public properties and a planning analysis of mitigation of these flooding risks.
The watershed was modeled assuming a subcritical flow regime which is consistent with the
Federal Emergency Management Agency’s (FEMA) publication Guidelines and Specifications
for Flood Hazard Mapping Partners.
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Figure ES-1. Post Oak Creek FPP Study Area.

Analyses of flooding risk are most commonly evaluated using the 100-YR storm. However, the
more accurate terminology is the “1% annual chance event,” which is a theoretical event that
has a one percent chance of occurring in any year. Peak flows and water surface elevations
were computed for the 50%, 20%, 10%, 4%, 2%, 1% and 0.2% annual chance (2-YR, 5-YR, 10-
YR, 25-YR, 50-YR, 100-YR and 500-YR storms, respectively).
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Analysis of the model results produced 13 areas of structural flooding involving 153 structures.
Of the 68 bridges/culverts in the study area, only 24 were found to have sufficient capacity to
pass the 1% chance event without overtopping of the street. Nine bridge and culvert
improvement projects were identified as a result of this study. While there are many more
bridges that are flooded during a 100-YR storm, the bridges selected for projects are located on
streets which have been identified as collectors or arterials on in the City's Thoroughfare Master
Plan and provide for the movement of emergency personnel and equipment.
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The primary alternatives for mitigation of the impacts of flooding used in this study were storage,
buyout, and structural modification.

Storage normally consists of the construction of a large pond or series of small ponds
designed to store a portion of the flood flow and release it slowly in order to reduce the peak
flow and lower flood levels. This approach provides benefits for the areas downstream of
the storage, but can require the purchase of large areas of land.

Buyout consists of purchasing structures located in the floodplain that have been damaged
by previous flood events. The structures are removed and the property is converted to a
use that is compatible with its location in the floodplain, such as parks and green space.

Structural modification covers a wide variety of construction projects, the most common
being widening of the stream channels and enlarging bridges or culverts.

Each situation was examined to determine which of these alternatives were applicable, or if a
combination of the alternatives would be most effective in reducing the potential for flood
damage. The availability of sufficient open area for the construction of storage ponds is a

. significant factor in determining if storage can be considered since converting developed
property to storage can incur high capital costs. Buyouts were only considered if there were
residential or commercial buildings which were flooded that could not otherwise be removed
from the floodplain.

A benefit-cost analysis was performed for the various options affecting residential or commercial
building flooding. The viability of the various options was measured through a comparison of
the relative cost of each mitigation project versus the benefits derived from these projects. In
order to qualify for potential federal funding, the benefits should exceed the cost. The benefits
are the damage costs which are avoided by removing at-risk properties from the floodplain (i.e.
benefit = damage avoided). Property values used in the study are based on Grayson County
Central Appraisal District tax roll values. Construction costs are based on recent bid tabulations
and unit prices for similar regional construction projects.

1.1 Recommended Flood Damage Mitigation Projects

A list of 27 projects was developed as a result of the study and the projects were prioritized
using goals set forth in the City’s Comprehensive Plan adopted in 2009. Ranking tables were
developed based on the goals which were then used to develop priorities for each proposed
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project. Factors to be taken into consideration in the implementation of any specific project
within the City of Sherman include the following:

Reduces flooding of public, business and residential structures.

Reduces flooding of collector and arterial streets.

Reduces channel erosion.

Enhances the environmental characteristics of the floodplain.

Project implementation can be within annual operating budget (less than $300,000).
Project can be implemented in phases.

Positive Benefit-Cost Ratio.

Sl s co B =t

The prioritized projects summarized in Table 1 may be implemented as projects as part of the
City’'s Capital Improvements Program (CIP). The projects listed in Table 1 are detailed in Sec.
5.1 of this report.

U.S. Highway 75 was closed as a result of flooding during the June 2007 storm. Since the
highway is a Texas Department of Transportation (TxDOT), no direct project has been
recommended. However, since US 75 is a main transportation link and a center of commercial
and industrial development for Grayson County and Sherman, it merits consideration in this
report. U.S. Highway 75 was constructed in the late 1950s and is parallel to Post Oak Creek .
with a 3.6 mile section located in the valley floor of Post Oak and East Fork Post Oak Creek. A
number of channel improvement options were considered for mitigating the flooding of Highway
75, none of which proved cost effective. The only project that would mitigate the highway
flooding is to raise the roadway above the 1% chance event levels. TxDOT is considering a
project to rebuild this section of Highway 75. The project would update a number of geometric
features of the highway as well as raising the main traffic lanes. The latest estimate from
TxDOT puts the cost of this project at $25,000,000. The City of Sherman should continue to
work with TxDOT as well as state and national legislators in order to secure funding for these
needed improvements.
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City of Sherman
Post Oak Creek Flood Protection Plan

Capital Improvement Plan

Flood Protection Plan Project Priority Ranking

September 25, 2013

::;i::r P;; ‘::t Project Name Project Cost Grant Eligible
S. Sam Rayburn Frwy and Contemporary Dr. SRL Property
1 R Acquisition $ 288.000| Y |$ 216,000
2 R Ayers Drive SRL Property Acquisition $ 192000 | Y |$ 144,000
3 R Westwood SRL Property Acquisition § 97,000 | Y | § 72,750
4 R Archer Dr. SRL Property Acquisition $ 4238000 Y |$§ 3,178,500
5 D Archer Detention Pond $ 857,000 Y [$§ 642,750
6 R Regency Dr. and W. Washington St. SRL Property Acquisition $ 1,15L,000| Y |[$ 863,250
7 R Various SRL Property Acquisition $ 655000 | Y | % 491,250
8 D Proposed Dam 9A $ 6394000 Y |$ 4795500
N. Sam Rayburn Frwy. and N. Travis St. SRL Property
9 R Acquisition l caasl] ¥ $ 367,500
10 R Contemporary Dr. S 1,243000| N
8 B Lamberth Road at T2 East Fork of Post Oak Creek Culverts $ 241,000 | N
12 B Gribble Street at Stream G Box Culvert $ 275,000 | N
13 D Payton St. Detention Pond $§ 1,057,000 | N
14 B Taylor Street at T1 East Fork of Post Oak Creek Box Culvert S 323,000 [ N
15 D Town Center Detention Pond Modification S 419.000 | N
16 D Stream E North of US 82 Detention Pond S 1486000 N
17 B Center Street at Post Oak Creek Street Improvement S 2,698,000 | N
18 C Center St. to Lamar St. Channel S 11,129,000 | N
19 C Lamar St. Channel S 1,437,000 N
20 G Peccan St. Channel $ 5771000 N
21 B Lamberth Road at East Fork of Post Oak Creek Box Culvert $ 793,000 N
22 B Houston Street at Post Oak Creek Bridge Improvements $ 3,030,000 N
23 B Lamar Street at Post Oak Creek Bridge Improvement $ 3038000 N
24 B King Street at Stream F Box Culvert $ 2,011,000 N
25 D Canterbury Dr. Detention Pond $ 528,000 | N
26 B Washington Street at Post Oak Creek Roadway Improvements $ 1,538,000 | N
27 D Taylor St. Delention $ 3,114000| N
Subtotals
B Bridge & Culvert Improvements S 13,947,000
C Channel Improvements S 18.337.000
D  Detention $ 13,855,000 $ 5,438,250
R Repetative Loss Property Acquisition $ 8,354,000 $ 5,333,250
TOTAL $ 54,493,000 $ 10,771,500

Table 1. Capital Improvement Projects.
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1.2 Recommended Programmatic Flood Damage Mitigation
Measures

Additional measures which could also be implemented focus on minimizing the necessity of
future CIP projects with improved planning and development guidelines along with changes in
the maintenance of the natural drainage and creeks. These measures include:

1. Implementation a detailed creek maintenance program designed to reduce erosion and
limit flooding (Sec. 5.2.2);

2. Update the future Land Use Plan every five years to ensure consistency with the flood
protection plan and to take advantage of the updated data generated by the study (Sec.
525

3. Update the Storm Drainage Design Manual to incorporate the findings of this study into
each drainage and development project (Sec. 5.2.1);

4. Incorporate Low Impact Development Standards in Flood protection planning and design
(Sec. 5.2.1.1);

5. Update the Flood Insurance Rate Maps (FIRM) for the community to provide a more
accurate definition of the floodplain (Sec. 5.2.4); and

6. Consider adopting floodplain management activities that exceed the minimum NFIP
requirements and documenting those higher standards by entering the National Flood
Insurance Program’'s Community Rating System (CRS) (Sec. 5.2.3). CRS participation
also provides lower flood insurance rates within the community.

1.3 Acknowledgements

The Post Oak Creek Watershed Flood Protection Plan adds to the understanding of the
watershed, the potential impacts of flood events on property and the physical environment, and
the viability of improvements to reduce these impacts. The value of the final plan was
significantly enhanced with the review of plan elements by the City of Sherman and the
Technical Advisory Committee established for review of significant milestones during the study.
The participation of the city staff and the Technical Advisory Committee provided greater
confidence in the reliability of the final Post Oak Creek Watershed Flood Protection Plan
findings. The staff of RPS Espey appreciates the contributions from each of the resources and
recognizes that there are many individuals who will go unnamed in recognizing the key
contributors to the success of the project. RPS Espey gratefully acknowledges the key
contributions made by the individuals listed below for their participation and support in the Post
Oak Creek Watershed Flood Protection Plan project.

o
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Representatives of the City of Sherman, local sponsor for the Project
Don Keene, Director of Public Works
Mark Gibson, P.E., Director of Utilities and Engineering
Clay Barnett, P.E., City Engineer
Jerry Pace, Engineering Technology Coordinator

Texas Water Development Board, state sponsoring agency for the Project
Ivan Ortiz, Planning Division

Additional members of the Technical Advisory Committee for the Project
David R. Selman, P.E., Area Engineer, Texas Department of Transportation
Donald R. Gibbons, NRCS
Noel Paramanantham, P.E., Assistant Area Engineer, Texas Department of
Transportation
Joe Remondini, P.E., U.S. Army Corps of Engineers

KXIl Sherman, TX
Steve LaNore, Chief Meteorologist
. Historic Rainfall data for June 18, 2007

RPS Espey primary staff involved on the Project
Kenneth Tillman, P.E., CFM, Project Manager
Stephen Jenkins, P.E., Assistant Project Manager
Sandeep Chaudhari, EIT, CFM, Staff Engineer

Supporting subconsultants for the Project
Hardin & Associates Consulting, LLC
Underwood Drafting & Surveying, Inc.
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1.4 Abbreviations and Acronyms

AMC........o Antecedent Moisture Conditions

BE Bttt Base Flood Elevation

(€ | S R Capital Improvements Plan

GilY cosmmemvsinns City of Sherman

| Curve Number

65 | T — Community Rating System

Bl e oo, oot Extra-Territorial Jurisdiction

EEMA. s Federal Emergency Management Agency
T s emummens Feet

EP P ssmssusovmm Flood Protection Plan

GlIS s s s Geographic Information System
HEC.........oeovvieens Hydrologic Engineering Center
HMS..........cooen Hydraulic Modeling System

[ [ ——— Inches

LF cooimmma somupn Linear Feet

LIDAR s s Light Detection and Ranging

1Y ] L ————— Mean Sea Level

NGB st National Climatic Data Center .
] o - National Flood Insurance Program

1 B L R —— Natural Resources Conservation Service
L National Wetlands Inventory

BB e Nationwide Permit

PCN...oovvievien, Preconstruction Notification

BAS osetmtinsnie River Analysis System

o R — Repetitive Loss Property

SES o Soil Conservation Service
SRl e Severe Repetitive Loss Property

I R Station

& = & T R Texas Commission on Environmental Quality
NS e s Texas Natural Resource Information System
][] 47 O — Texas Parks & Wildlife Department
TWBB evn v, Texas Water Development Board

THDOT..... camrmmmnrms Texas Department of Transportation
USACE........cconiins U.S. Army Corps of Engineers

5= b - T ———— U.S. Department of Agriculture

USEWS o e U.S. Fish and Wildlife Service

WSEL. o svnmnss Water Surface Elevation
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2 Introduction

The City of Sherman lies primarily within the watershed of Post Oak Creek — a major tributary of
Choctaw Creek. The Post Oak Creek watershed originates outside the corporate limits of the
City of Sherman and continues downstream through the northern and central portion of the city,
across U.S. Highway 75 (US 75) to a confluence with Choctaw Creek, which ultimately
discharges into the Red River.

The Post Oak Creek watershed is characterized by a mix of industrial, commercial, and
residential use with some large tracts of land available for development in the upper reaches of
the Post Oak Creek watershed. Choctaw Creek originates outside the City of Sherman, but is
within the city’s ETJ, and continues through the southern portion of the city to a confluence with
Post Oak Creek outside the existing city limits east of US 75.

The City of Sherman 2009 Comprehensive Plan (Comprehensive Plan) is designed as a
framework for guiding future development, redevelopment, and community enhancement in the
city and its surrounding planning area during the next twenty years and beyond. This document
was the result of a planning process that established a community vision, along with realistic
goals and achievable strategies, to guide the city's growth and development for years to come.

Development of the Comprehensive Plan was heavily influenced by the citizens’ recognition of
the city’s human and economic loss as result of the city’s vulnerability to flooding. The flood of
June 2007 was a significant event that affected the entire city for more than a week, leaving
behind flood damage to a total of 89 single-family homes, 270 apartment units, and more than
40 commercial properties. The impact of this flooding event on the local and regional economy
was in the forefront of discussions of how the city’s planning is affected by flooding during the
development of the Comprehensive Plan.

Developing a comprehensive understanding of the area’s hydrology and flood risks as a
baseline for additional planning efforts broadly and fundamentally furthers the adopted goals of
the Comprehensive Plan, particularly given the impact to private property and public
infrastructure. Historically, city streets and state highways have experienced flood events that
resulted in the overtopping of bridges and traffic lanes, as well as damage to residential and
commercial properties. As a result of the recurring floods affecting residential, multifamily and
commercial properties, the city’s elected officials have supported the findings of the city's
Comprehensive Plan that flood damage prevention must be implemented in a comprehensive
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manner to identify structural and non-structural solutions and to develop an aggressive, but
affordable, capital program to implement the findings of the city’s watershed management
planning initiative. The City of Sherman needs this planning to reduce the risks of flood damage
to citizens and public infrastructure. This planning is a regional necessity for reducing flood
risks to major transportation corridors, particularly U.S. Highway 75. The general project

location is shown in Figure 1.

The Post Oak Creek Flood Protection Plan is an engineering analysis of the flooding risks in this
watershed, as well as a planning analysis of mitigation of these flooding risks. This project was
funded by the Texas Water Development Board (TWDB) and the City of Sherman, with
participation by the Texas Department of Transportation (TxDOT), Natural Resources
Conservation Service (NRCS), and the U.S. Army Corps of Engineers — Tulsa District (USACE).

T

S

=——=—= Sherman City Limits

Post Oak Creek Watershed

Figure 1. Location Map.

®
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The following sections of this report describe the methods, data, and assumptions used in the
analyses, as well as the results and recommendations for improving flood protection within the
Post Oak Creek watershed.

2.1 History of Flooding

A search of the National Climatic Data Center (NCDC) Storm Event database revealed 13
notable flood events in the study area since 1993. The descriptions of these events contained
in the database include street and road closures, property flooding and one fatality. The events
included in the NCDC database are summarized in the following table:

Table 2. NCDC Storm Event Database (Sherman, TX).

NCDC Storm Event Database (Sherman TX)

Date | Description

Widespread flooding was reported in Sherman FM 1417 and H|ghway 11 were
e closed due to high water.

A 73-year-old woman drowned as she and her husband were attempting to
14 Nov 1994 | cross a flooded road on Highway 1417 west of the airport. Car was swept
off a bridge and into creek.

13 Mar 1995 | Apartments were flooded in Sherman.

07 Nov 1996 Severe flooding prompted the evacuations of residents along Sand Creek.
Several roads around town were reported flooded and cars were stranded.

13 Aug 1997 Several roads between Sherman and Denison had over two feet of water
9 covering them after heavy rain fell in the area for several hours.

20 Dec 1997 | Several roads across the county were flooded.

04 Jan 1998 | Several roads were reported flooded in and around town.

31 May 2001 | The underpass at Highway 75 and Mulberry had water 8 feet deep.

19 Mar 2006 | Homes and businesses were flooded.

* Two fatalities occurred on U.S. Highway 75 at Texoma Parkway and south of
18 Jun 2007 | FM 1417 and east of Hwy. 11 near the FM1417 bridge across Post Oak Creek.
US 75 was overtopped and closed for several hours.

Highway 11 at FM 1417, Highway 91 between Sherman and Denison, and
several other roads were flooded. A high water rescue was required in
Sherman, and Choctaw Creek was over its banks. High water was reported on
Texoma Parkway under Highway 75, and on North Branch and Travis Streets.
An auto store on Texoma Parkway suffered flood damage, as well as several
cars.

10 Jul 2007

11 Jul 2007 About twenty roads were flooded in the Sherman area.

Heavy rainfall caused flooding along the Houston and Lamar Street exits off of
&F ey 0 Sam Rayburn Freeway.
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Flooding was reported at Lamberth Road and Travis Street in Sherman. The
underpass at HWY 75 and Lamar Street in Sherman was also flooded. Poor

08 May 2009 | drainage and water running off a hill behind the Villas of Parkhaven complex on
FM 1417 resulted in the flooding of 29 apartments. In at least one apartment,
the water was ankle deep.

* This event was not listed in the NCDC Storm Event Database.
Source: http://www4.ncdc.noaa.gov/cgi-win/wwcgi.dll?wwevent~storms

The most significant flooding event that struck the study area was June 18-23, 2007. A system
of thunderstorms slowly moved through the area, affecting most of the Texoma region.
Following two consecutive days of light rainfall, Sherman recorded 7.6 inches of rainfall, in
approximately seven hours on June 18, 2007. Over the next two weeks, the city recorded more
than seventeen inches of rain that produced flooding of residences, apartments and businesses
throughout the city. Much of the proposed planning area was affected by rising water or by
flooded thoroughfares. US 75 was overtopped and closed for several hours and the Sherman
ISD athletic fields and field house were under water.

A total of 89 single-family homes were flooded, along Sherman ISD Field House and Stadium
with 270 apartment units. Some of 31 single-family — June 2007

homes and 188 apartment units were total losses.
Over 40 commercial properties sustained flood
damage. Two fatalities occurred on June 18 on U.S.
Highway 75 at Texoma Parkway and south of FM
1417 and east of Hwy. 11 near the FM1417 bridge
across Post Oak Creek. About 125 residents of a
Sherman nursing home were evacuated and several
people were rescued from an office building when the
roof began to fail due to accumulated rainfall.

2.2 Scope of Services

The objective of this flood protection planning effort was to conduct a comprehensive integration
and update of the hydrologic and hydraulic models that have been developed historically for the
Post Oak Creek watershed. This updating incorporated current watershed conditions inclusive
of channel conditions, additional structures, new improvements, etc. Future watershed
conditions are also projected, utilizing the City’s future land use plan. This study included the
collection of baseline information, review of environmental constraints, and the identification of
flood/drainage problem areas. Hydrologic and hydraulic modeling was performed to refine the
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understanding of flood impacts from which alternatives were developed and analyzed to reduce
these impacts.

The hydrologic analysis of Post Oak Creek encompassed the 33 square mile drainage area
beginning on the southeast side of Sherman, downstream of the railroad 4,000 feet north of
F.M. 1417, extending upstream 11 miles, to the headwaters located north and west of the city.
The Post Oak Creek Basin includes two named tributaries, East Fork Post Oak Creek and Sand
Creek, as well as fourteen unnamed tributaries.

2.3 Advisory Committee

The Post Oak Creek Flood Protection Plan was implemented with the goal of disseminating
information as the plan was developed and utilizing additional information gathered through both
a technical advisory committee and public meetings. To this end, a Technical Advisory
Committee was developed at the onset of the project. The Technical Advisory Committee was
established to provide peer review from agencies or entities knowledgeable or affected by the
subject matter for the project. These organizations participated during the performance of the
project through attending technical meetings at five key milestones during the study:

Kickoff meeting

Data review meeting

Hydrologic and hydraulic modeling results meeting
Alternative solutions meeting

Final recommended improvements plan meeting

g g Q3 My e

Representative agencies selected for this committee involvement included the following:

Table 3. Technical Advisory Committee Representative Agencies and Roles.

Agency or Organization Role on Technical Advisory Committee
Co-sponsor for study; flood management
responsibility throughout study area; operator of
transportation, water, and wastewater infrastructure in
study area

Facilitator for Advisory Committee Meetings;

City of Sherman

RPS E

spey presented study progress
Texas Water Development Co-sponsor for study; flood management planning
Board agency for The State of Texas
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Agency or Organization

Role on Technical Advisory Committee

USACE Flood management federal regulatory agency

Natural Resources
Conservation Service (NRCS)

Regional flood management planning organization

Texas Department of State transportation infrastructure management with
Transportation facilities in study area

2.4 Public Involvement

Public Meetings were developed to facilitate public access and sharing of information regarding
flood impacts in the study area and alternatives for reducing these impacts. Public Meetings
were generally held immediately following Technical Advisory Committee meetings to allow the
latter committee members to attend and participate during the public meetings. Each public
meeting was advertised through one of two, or both, means: direct advertisement in the local
newspaper with readership throughout the study area and through a posting on the City’s public
access website. These meetings were well attended and copies of attendee sign-ins for these
meetings and representative advertisements are included in Appendix H. Specific meetings

were held for the following purposes on the following dates:

Table 4. Technical Advisory Committee Public Meetings.

Technical Advisory Committee and
Public Meetings

Meeting Date

Kickoff meeting

September 12, 2011

Hydrologic and hydraulic modeling results meeting

March 22, 2012

Alternative solutions meeting

June 28, 2012

Final recommended improvements plan meeting

February 26, 2013

2.5 Baseline Data Acquisition

Information was obtained from a variety of sources for performance of the project. The following
table lists general types of data obtained during the course of the study.
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Table 5. Types of Data Obtained During the Study.

Type of Data

Source of Data

Aerial Photography data

TNRIS

2-ft LIDAR contour data

City of Sherman
(William — Stackhouse Inc.)

SSURGO (Soils) Data

USDA

Existing land use data

City of Sherman

Future land use data

City of Sherman

Storm drain database

City of Sherman

Record drawings for various bridges

TxDOT
and culverts
Record drawi
. rawings for Dams and NRCS
spillways
Hot Spot location database City of Sherman
Repetitive Loss Properties TWDB

Property value database

Grayson County Appraisal District

Drainage Master Plan

City of Sherman

2009 Comprehensive Plan

City of Sherman

Thoroughfare Master Plan

City of Sherman

In addition to these sources of data, all the bridges and culverts were field surveyed. Surveying

was performed between November 2011 and February 2012 by Underwood Drafting &

Surveying, Inc. The field survey and LiDAR data were horizontally referenced to the NAD83,
Texas State Plan, North Central Texas coordinate system and vertically referenced to North
American Vertical Datum (NAVD88). The survey data was collected following surveying
standards set by FEMA, March 2009 Appendix M, Data Capture Standards. The surveyed data
includes 13 channel cross-sections along U.S. 75 and 83 bridges or culverts throughout the

City.
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3 Hydrologic Analysis

This study required the production of two computer models. The first model is a U.S. Corps of
Engineers (USACE) Hydrologic Engineer Center Hydrologic Modeling System (HEC-HMS)
model which is used to determine the peak flow rate in the creeks a various critical locations.
The second model, U.S. Corps of Engineers Hydrologic Engineer Center River Analysis System
(HEC-RAS) version 4.1.0 utilizes the peak flow data from the HMS model and terrain data from
the contour map and survey data to calculate the water surface elevation for the various flood
events. The watershed was modeled assuming a subcritical flow regime which is consistent
with FEMA'’s publication Guidelines and Specifications for Flood Hazard Mapping Partners.

Figure 2. Post Oak Creek and Tributaries.

This section of the report describes the input parameters used in the hydraulic analysis and the
computed peak flow rates used in the floodplain delineation. The hydrologic analysis for the
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Post Oak Creek Watershed included the evaluation of the existing conditions 50%, 20%, 10%, ‘
4%, 2%, 1% and 0.5% (2- YR, 5- YR, 10- YR, 25- YR, 50- YR ,100 YR - and 500-YR

respectively) annual chance storm events as well as the ultimate condition 1% annual chance

storm event. Version 3.5 of the HEC-HMS computer program developed by the (USACE) was

used in the hydrologic analysis to estimate peak flow rates and storm hydrographs for each

reach.

3.1 Drainage Area Delineation

Woatersheds of Post Oak Creek and its tributaries were manually delineated using numerous
sources including: United States Geological Survey (USGS) topographical survey data, City of
Sherman LiDAR data (WSI May, 2008), City record drawings, storm drain GIS maps, and
previous drainage studies. The watershed was further divided into sub-areas at points of critical
interest (i.e., confluence of large tributaries, bridges, etc.). A drainage area map showing the
watershed delineation and sub-area names for both basins is included as Exhibit 1 of Appendix
A

3.2 Precipitation

The precipitation values used in the hydrologic analysis are shown in Table 6. Data for storm .
durations of greater than one hour and return periods of 100 years or less were obtained from

U.S. Department of Commerce, Technical Paper No. 40 (May, 1961). Data for storms with a

duration of one hour or less and return periods of 100 years or less were obtained from National

Oceanic and Atmospheric Administration, Technical Memorandum Hydro-35 (June, 1977).

Data for the 500 year storm was obtained from the USGS Atlas of Depth-Duration Frequency of
Precipitation Annual Maxima for Texas (June 2004).

Table 6. Depth-Duration Rainfall Data.

Return Point Rainfall Depth (inches)

Period

feas) 1-hr 2-hr 3-hr 6-hr 12-hr 24-hr
2 1.85 2.22 25 29 3.45 4.0
5 25 3.0 3.25 3.9 4.6 5.4
10 2.9 3.5 305 4.6 b5 6.3
25 3.35 4.15 4.5 5.3 6.4 7.5
50 3.8 4.65 51 6.2 1.2 9.0

100 4.3 5.2 b7 6.9 8.2 10.2
500 5.0 6.0 7.0 9.0 11.0 13.7

Page 19 of 147



Post Oak Creek Flood Protection Plan September 27, 2013
Final Report

®

3.3 Soils

According to the US Department of Agriculture (USDA) Soil Survey Geographic (SSURGO)
database the study area is located in the Cross Timbers and Blackland Prairie resource areas.
The major soils are Normangee, Crockett, Wilson, Fairlie, Austin and Houston Black. These
soils have a clayey or loamy surface layer and clayey underlying material. They have moderate
to very slow permeability. Soils that have a clayey surface layer develop deep, wide cracks on
the surface if they become dry, and water enters the soil rapidly through these cracks. As the
soil becomes wet, the cracks are sealed and water enters the soil very slowly. The Normangee
and Crocket soils are deep, loamy soils on uplands. The Wilson soils are deep, loamy soils on
nearly level and gently sloping terraces. The Austin soils are moderately deep, clayey soils. The
Fairlie and Houston Black soils are deep, clayey soils. The NRCS classifies soils into four
hydrologic soil groups: A, B, C, and D which indicate the runoff potential of a soil, ranging from a
low runoff potential (group A) to a high runoff potential (group D). The soil hydrologic type is
used to determine the runoff curve number as discussed in Section 3.5. The various soils found
in the watershed and their respective hydraulic types are shown in Table 7.

Table 7. Watershed Soil Classification.
. SSURGO Database Classification Hydrologic Soil Type
Aledo
Altoga
Aubrey
Austin
Bunyan
Callisburg
Crockett
Crosstell
Elbon
Fairlie
Heiden
Howe
Lewisville
Lindy
Mabank
Normangee
Speck
Stephen
Trinity
Vertel

OO|0CO0|O|WO0|C|0|COIO0|L|O|O|W|O
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SSURGO Database Classification

Hydrologic Soil Type

Whitesboro B
Whitewright D
Wilson D

3.4 Land Use

An existing conditions land use map provided by the City of Sherman was analyzed in

conjunction with 2011 aerial imagery using geographic information system (GIS) software to
estimate existing conditions impervious cover percentages. The hydrologic model for existing
conditions utilized percent impervious cover values calculated for each watershed sub-basin.
The Existing Land Use Map is included as Exhibit 3 in Appendix A. The details of this analysis
are included in Appendix C. The range of calculated impervious cover percentages for this

analysis is 5.2% to 80.8%.

Table 8. Existing Land Use Impervious Cover Assumptions.

The ultimate development conditions (fully-developed conditions) analysis included

-

© Dsscription | "mpenYous

_ . e K.COVGF_ .
Blalock Industrial Park 85%
Retail Business 75%
General Commercial 85%
Office 85%
Lake 100%
Light Manufacturing 75%
Medium Manufacturing 85%
Heavy Manufacturing 95%
Open Space 5%
One Family Residential 35%
Multi-Family Residential 70%
Single-Family Residential 55%
ROADS 85%

modifications to the impervious cover percentages to represent full development. For the
purposes of this analysis, full development was assumed to be equivalent to the estimated level
by the year 2025 according to the City’s future land use study. The Ultimate Land Use Map is
included as Exhibit 4 in Appendix A

L2
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T\The impervious cover for each sub-area is modified to reflect the projected land use based on
the datasets provided by the City of Sherman. Land use impervious cover percentages were
estimated based on previous studies and engineering judgment. Table 9 shows future land use
types designated in the future land use studies. The future land use impervious cover increased
an average of 10.8% and ranged from 28.3% to 84.8%. The weighted impervious cover value
for each sub-area is included in Appendix C.

Table 9. Future Land Use Impervious Cover Assumptions.

g Impervious
Description %over
Auto-Urban Single-Family Residential 55%
Suburban Residential 35%
Estate 20%
Auto-Urban Multi-Family Residential 70%
Auto-Urban Commercial 85%
Urban/Downtown 85%
Suburban Commercial 85%
Industrial 95%
Business Park and Research 85%
. Public/Institutional 70%
Countryside 20%
Manufactured Homes 70%
Parks and Recreation 30%
Natural 5%
Agricultural and Rural 5%
Road 85%

3.5 Infiltration Losses

The NRCS has developed a rainfall-runoff index called the runoff curve number (CN) which
takes into account such factors as soil characteristics, land use/land condition, and antecedent
soil moisture to derive a generalized rainfall-runoff relationship for a given area. A description of
these components and the equations for calculating runoff depth from rainfall are provided
below.

The NRCS classifies soils into four hydrologic soil groups: A, B, C, and D which indicate the
runoff potential of a soil, ranging from a low runoff potential (group A) to a high runoff potential
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(group D). Digital soil data is available from the TNRIS post-processed from the USDA .-
SSURGO database into the Texas statewide mapping system. Exhibit 2 in Appendix A shows
the soils map for the study area.

The NRCS provides runoff curve numbers for three Antecedent Moisture Conditions (AMC):
AMC [, Il and lll. AMC | represents dry soil conditions and AMC Il represents saturated soil
conditions. AMC Il is normally considered to be the average soil condition; however, studies
have indicated that the average condition ranges from AMC | in West Texas to between AMC ||
and lll for east Texas. Runoff curve numbers vary from 0 to 100, with the smaller values
representing soils with lower runoff potential and the larger values representing soils with higher
runoff potential. This study assumes an AMC |l to represent average conditions.

Curve numbers were evaluated independently of impervious cover (i.e., these curve numbers
reflect fair condition open spaces) for this analysis. A composite CN is computed based on area
weighting of each hydrologic soil group within each sub-area. Impervious cover values are
entered separately from CN values into the HEC-HMS model. The assumed CN values are
shown in Table 10. HEC-HMS computes 100 percent runoff from impervious areas, while runoff
from pervious areas is computed using the selected CN value and the following equations:

Q = (P -0.2xS) 2/ (P + 0.8xS) Equation 1 .
And

CN = 1000/ (10+S) Equation 2
Where:

Q = depth of runoff (in),

P = depth of precipitation (in),

S = potential maximum retention after runoff begins (in), and

CN = runoff curve number.

Table 10. NRCS Curve Number Assumption.

Group | AMC | AMC I AMC [l

A 21 39 59

B 41 61 78

C 55 74 88

D 63 80 91
Key assumption: Undeveloped grassland or range land.
Reference: National Engineering Handbook 4 (NEH-4)
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The range of calculated existing conditions weighted CN values used in this analysis is 74.5 to
80.0. A summary of CN values for all sub-basins is included in Appendix B.

3.6 Unit Hydrograph
3.6.1 Background

A rainfall-runoff transformation is required to convert excess rainfall (total rainfall minus
infiltration losses) into runoff from a particular sub-basin. The NRCS unit hydrograph option in
HEC-HMS was used in this analysis to generate runoff hydrographs for each defined sub-basin
within the studied watersheds. The unit hydrograph method represents a hydrograph for one
unit (one inch) of direct runoff, which is standard engineering practice.

The dimensionless unit hydrograph developed by the NRCS (see Figure 3) was developed by

Victor Mockus and presented in National Engineering Handbook, Section 4, Hydrology. The

dimensionless unit hydrograph has its ordinate values expressed in a dimensionless ratio, of

discharge relative to peak discharge, g/qp, and its abscissa values as time relative to time to

peak, t/Tp. This unit hydrograph has a point of inflection approximately 1.7 times the time to
. peak (Tp), and the time-to-peak 0.2 of the time-of-base (Tb).

1.0

AEAAN
0.2 \ i ——————
\—4

|

|
0 1 2 3 4 7]
t/Tp (hours)

q/qp (cfs)
o
>

Figure 3. NRCS Unit Graph.

In HEC-HMS, input data for this method consists of a single input parameter, TLAG, which is
equal to the time (hours) between the center of mass of excess rainfall and the peak of the unit
hydrograph (NRCS 1993). In other words, there is a delay in time after a rain event begins
before the runoff reaches it maximum peak. This delay is known as lag. The lag is determined
based on the time of concentration, as discussed in Section 3.6.2 below.

The time to peak is computed using the following equation:
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Tp = AV2 + Tiac Equation 3 .
Where:
Tp = time to peak of the unit graph (hours),
At = computation interval or duration of unit excess (hours), and
Twae = watershed lag (hours).

The peak flow rate of the unit graph is computed using the following equation:

gp = 484A/ Tp Equation 4
Where:
qp = peak flow rate of the unit graph (cubic feet per second [cfs] / inch) and
A = watershed area (square miles).
484 = peak rate factor (dimensionless)

Note: The peak rate factor of 484 has been known to vary from 600 in steep terrain to 300 in very flat, swampy
terrain. The 484 value is standard engineering practice and is used in this analysis.

3.6.2 Time of Concentration

The NRCS method assumes that the lag time of a watershed is 60 percent of the watershed's .
time of concentration. The time of concentration (Tc) is the time for runoff to travel from the
hydraulically most distant point of the watershed to a point of interest within the watershed
(NRCS, 1986). The time of concentration may be estimated by calculating and summing the
travel time for each sub-reach defined by the flow type: sheet flow, shallow concentrated flow,
and channelized flow (including roadways, storm sewers, and channels). The methods
prescribed in NRCS Technical Release 55 (TR-55) are used to determine the times of
concentration for each flow segment in this analysis. Adjustments are made to the time of
concentration calculations in the ultimate conditions analysis to reflect faster watershed
response times, typically in the uplands of the watershed if development is proposed in these
areas. Time of concentration calculations can be found in Appendix D, utilizing each typical
flow segment presented below.

3.6.2.1 Sheet Flow

Sheet flow is flow over plane surfaces. With sheet flow, the friction value (Manning's n) is an
effective roughness coefficient that includes the effect of raindrop impact, of drag over the plane
surface and obstacles such as litter, crop ridges, and rocks, and of erosion and transportation of
sediment. These n values are for very shallow flow depths of approximately 0.1 feet. Sheet
flow normally becomes shallow concentrated flow after no more than approximately 100 feet
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depending on surface conditions. The Tc calculations were performed using high resolution
aerial photography and engineering judgment. Travel time was computed using the following
equation:

Tt = (0.007 x (nxL) 0.8) / (P20.5 x s0.4) Equation 5
Where:

Tt = travel time (hr.),

n = Manning’s roughness coefficient,

L = flow length (ft.),

P2 = 2-year, 24-hour rainfall (in), and

S = slope of hydraulic grade line (land slope, ft./ft.).

3.6.2.2 Shallow Concentrated Flow

Sheet flow usually becomes shallow concentrated flow when the depth of flow exceeds 0.1 feet,
or flows in a shallow swale or gutter. The average velocity for this flow can be determined from

the following figure in which average velocity is a function of watercourse slope and type of
channel (TR-55).

Watercourse slope (ft/ft)
=4
|
| |
|
|
1
|
I

0.01 i# = e= @ [npaved

: ‘ e Paved |
| 0001 ' = e,

1 10 100
Average velocity (ft/sec)

Figure 4. Average Velocities for Estimating Travel Time in Shallow Concentrated Flow Segments.

After determining the average velocity, the following equation is used to compute travel time:

Tt =L /(3600 x V) Equation 6
Where:
Tt = travel time (hr.),
L = flow length (ft.),
V = average velocity (ft./sec), and
3,600 = conversion factor from seconds to hours.
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3.6.2.3 Channelized Flow .

As the depth of concentrated flow increases, the shallow concentrated flow evolves into
channelized flow. Open channels are assumed to begin where surveyed cross section
information has been obtained, where channels are visible on aerial photographs, or where blue
lines (indicating streams) appear on USGS quadrangle maps. In the case of this analysis,
channel flow either involves flow in man-made storm sewer infrastructure or flow in the natural
channel. Manning's equation or water surface profile information (available from HEC-2 or
HEC-RAS) can be used to estimate average flow velocity. Average flow velocity is usually
determined for bank-full elevations. Both open channel and closed conduit systems can be
included.

Manning’s equation is:

¥ = 448 2?8 ¢n Equation 7
Where:
\ = average velocity (ft./sec),
r = hydraulic radius (ft.), equal to flow area divided by wetted perimeter,
s = slope of the hydraulic grade line (channel slope, ft./ft.), and
n

= Manning’s roughness coefficient. .

3.7 Hydrograph Routing

Lag and time of concentration provide for the changes in peak flow over time, accounting for
how the arrival times of peak flows from branches combine in the main channel. Routing
provides consideration for attenuation of peak flow due to channel geometry and valley storage.
Basically, the rising water has to fill-up the creek as it proceeds downstream. This tends to
attenuate the peak flows. Conversely, falling water levels drain the creek which extends the
falling limb of the hydrograph.

3.7.1 Channel Routing

Stream routing reaches were modeled using Modified Puls data derived from HEC-RAS models
developed as part of this study. Modified Puls routing is also called storage routing or level pool
routing. It uses conservation of mass and a relationship between storage and discharge to
route flow through the stream. The flow through a reach was attenuated by the storage and
delayed release of water in the reach.
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3.7.2 Reservoir Routing

Reservoir routing considers the storage capacity of the reservoir as well as the discharge rating
curves of the outlet structures. Record drawings for all three reservoirs where obtained from the
NRCS. These drawings provided elevation-storage data as well as the size and configuration of
the outlet structures. Elevation-storage data was entered into the HEC-HMS model directly.
Elevation discharge curves were developed for the principal and auxiliary spillways of each dam
from the record drawing data. In a reservoir storage and outflow rates are interdependent. As
flow enters the reservaoir, it begins to fill the lake, and as the lake level raises the outflow
increases. When inflow exceeds out flow water is stored in the reservoir. The maximum water
level occurs when the inflow and outflow rates are equal. The reservoir routing assumed the
beginning water surface elevation was level with the principal spillway.

3.8 Design Storm Analysis

The application of a design storm in the HEC-HMS model is used to generate runoff
hydrographs and estimate peak flow rates along the watercourse for various storm frequencies.
There are three major components to the design storm: depth, duration, and distribution.
Precipitation depths selected for this impact study are included in Section 2.2. The following
subsections describe the analysis and selection of storm duration and distribution.

3.8.1 Design Storm Duration

Design storm duration is a significant consideration for hydrologic modeling. A check must be
performed to ensure that the peak flow of any given event has reached the mouth of the studied
basin prior to the end of the rainfall duration. The time of concentration for all watersheds was
less than 24 hours; therefore, a 24-hour duration was selected.

3.8.2 Design Storm Distribution

A balanced and nested distribution is assumed for this analysis due to its flexibility with regard
to storm duration. The distribution is balanced in that the precipitation is centered at half the
storm duration. The distribution is nested in that the precipitation depths are applied in an
alternating block format (i.e., the 15-minute depth is applied as the hyetograph peak, the 30-
minute depth is applied such that the peak 15-minute block and the adjacent 15-minute block
sum to be the 30-minute depth).
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Precipitation

Figure 5. Precipitation Distribution.

3.8.3 Model Input

The HEC-HMS hydrologic model utilizing the NRCS method requires five basic input

parameters: basin area, curve number, impervious cover, lag time and routing information.

Sub-basins were manually delineated using LiDAR data in Environmental Systems Research

Institute’s (ESRI's) ArcGIS software. ArcGIS was then used to measure the areas of each sub- .
basin.

Soil data from the SSURGO database was imported into the ArcGIS map, and the area of each
hydrologic soil group in each sub-basin was measured. Each hydrologic soil group was
assigned a curve number, and a composite curve number was generated for each sub-basin
using the weighted average method. Lag times were calculated using the procedures described
in NRCS Technical Release 55 (TR-55).

Existing land use data was imported into the ArcGIS map, and the area of land use type in each
sub-basin was measured. Each land use was assigned a percent impervious cover, and a
composite percent impervious cover was generated for each sub-basin using the weighted
average method. Two sets of impervious cover data were generated for each sub-basin, one
set based on existing conditions, and the second set based on future land use projections
provided by the city.

Modified Puls stream routing data derived from HEC-RAS models and reservoir routing data
was obtained from NRCS record drawings. The stream routing data was imported directly from
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the RAS model using the HEC Data Storage System (DSS). The area, lag time, curve number
and impervious cover for each sub basin are shown in Table 11.

Table 11. Drainage Area Parameters.

SubBasin | PR° | LagTime | CUte | imporvious | impervious
(sq. mi.) Number Cover Cover
EF-01 0.10 8.55 80 69.2% 84.6%
EF-02 0.02 7.50 79 79.1% 76.6%
EF-03 0.05 5.42 80 78.6% 84.8%
EF-04 0.03 9.53 80 62.4% 61.5%
EF-05 0.30 26.69 80 54.1% 60.2%
EF-05A 0.03 16.32 76 58.2% 56.4%
EF-06 0.59 40.30 80 57.5% 62.8%
EF-06A 0.22 16.02 80 75.5% 82.5%
EF-06B 0.02 21.50 80 70.0% 79.9%
EF-06C 0.19 19.59 78 76.9% 80.3%
EF-06D 0.20 13.12 75 71.2% 72.9%
EF-07 0.22 35.71 79 69.8% 72.8%
EF-08 0.19 14.79 79 76.8% 75.1%
EF-09 0.07 13.29 80 61.7% 62.2%
EF-10 0.36 37.70 79 54.7% 47.7%
EF-10A 0.19 13.96 78 80.8% 81.0%
EF-11 0.73 36.12 79 61.2% 76.1%
EF-12 0.18 11.42 79 61.2% 85.0%
EF-13 0.36 27.86 79 46.8% 65.0%
POC-01 0.41 27.32 27 34.4% 52.7%
POC-02 0.67 50.03 78 53.8% 63.3%
POC-02A 0.19 23.55 79 16.4% 50.0%
POC-03 0.51 34.84 79 51.0% 43.6%
POC-03A 1.00 35.49 79 52.8% 49.5%
POC-04 0.24 18.83 79 57.8% 38.0%
POC-04A 0.66 36.77 80 38.1% 28.3%
POC-05 0.35 25.45 79 64.8% 67.8%
POC-06 0.32 20.74 79 48.4% 50.4%
POC-07 0.29 20.23 79 44.8% 46.8%
POC-08 0.50 64.46 78 48.7% 42.6%
POC-09 0.47 62.92 77 52.1% 51.7%
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Sub-Basin | DU | LagTime | Girve | impervious | impervious

(sq. mi.) Number Cover Cover
POC-09A 0.17 16.64 77 39.1% 39.1%
POC-09B 0.18 25.15 78 44.0% 51.5%
POC-09C 0.11 51.16 80 38.2% 43.0%
POC-09D 0.17 4579 77 42 4% 43.3%
POC-10 0.36 32.62 76 44.7% 31.6%
POC-11 0.14 21.31 79 55.9% 58.5%
POC-12 0.97 55.34 79 20.1% 55.1%
POC-12A 0.09 13.95 80 20.5% 55.0%
POC-13 0.14 27.74 ¥ 12.0% 55.0%
POC-14 0.36 32.16 77 25.3% 63.2%
POC-15 0.62 30.10 79 26.3% 64.1%
POC-16 0.46 45.18 78 7.0% 55.0%
POC-17 0.38 33.29 78 11.8% 48.2%
POC-18 0.46 32.54 79 56.9% 55.2%
POC-19 0.19 20.57 76 9.2% 95.0%
POC-20 0.39 31.85 78 6.0% 95.0%
POC-F-01 0.41 23.57 78 57.2% 42.8% .
POC-F-02 0.10 12.67 80 75.1% 59.2%
POC E-01 0.43 43.64 78 53.9% 50.8%
POC E-02 0.57 34.21 79 25.0% 40.6%
POC F-02A 0.12 15.84 80 58.0% 57.1%
POC F-03 0.92 54.87 79 66.5% 70.7%
POC G-01 0.03 15.55 77 24.8% 95.0%
POC G-01A 0.27 38.82 80 34.8% 44.8%
POC G-02 0.07 37.12 75 32.8% 39.5%
POC G-03 0.23 83.55 76 39.9% 34.9%
POC G-04 0.53 83.55 77 50.8% 54.1%
POC G-04A 0.11 9.02 74 42.2% 52.0%
POC G-04B 0.22 22.99 75 50.7% 59.8%
SC-01 0.52 18.26 79 47.2% 42.3%
SC-02 0.97 67.56 78 50.6% 40.5%
SC-02A 0.15 11.86 77 42.7% 43.7%
SC-03 1.21 31.86 77 41.5% 36.0%
SC-04 0.52 45.49 76 36.2% 51.8%
SC-05 0.80 76.42 79 9.6% 52.7%
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SubBasin | P05 | LagTime | e | impevious | Impervious

(sq- mi.) Number Cover Cover

SC-06 0.45 43.53 77 6.4% 55.0%
SC-07 0.76 86.27 79 11.0% 59.0%
SC-08 1.13 44.23 79 8.0% 55.0%
SC A-01 0.34 18.69 78 40.7% 34.4%
SC A-02 1.66 32.49 79 52.9% 34.0%
SC B-01 1.50 44.49 79 39.0% 49.2%
SC B-02 1.30 52.78 79 13.5% 49.0%
SC B-03 1.86 21.03 79 8.8% _ 95.0%
SC C-01 0.33 16.23 78 5.2% 55.0%
SC C-02 0.64 30.80 79 6.0% 55.0%

3.9 Hydrologic Analysis Summary and Conclusions

The hydrologic analysis was completed using prescribed methods by City of Sherman and the
NRCS. The design storm distribution used was the nested and balanced distribution, with
rainfall depths derived from Technical Paper No. 40 and Hydro-35 USGS Atlas of Depth-
Duration Frequency of Precipitation Annual Maxima for Texas. A 24-hour storm duration was
assumed for all the watersheds. The ultimate conditions model was generated by revising the
existing conditions hydrologic model to reflect future impervious cover projections.

3.9.1 Computed Peak Flow Rates

HEC-HMS version 3.5 was used to compute the peak discharges. Table 12 lists the computed

peak flow rates.

Table 12. Computed Peak Flow Rates Summary.

Peak Discharges (cfs)
Flooding Source and Ultimate
XSID 10% 2% 1% Conditions | 0.20%
E Location ‘ Flood Flood Flood 1% Flood Flood
EAST FORK POST OAK CREEK

Above Confluence with

Post Oak Creek 1,196 4,679 5:730 6,055 6,752 6,655
At Washington Avenue 1,765 4,679 5,730 6,055 6,752 6,655
At the Texas And Pacific

Railroad 2,696 4,672 5,780 6,149 6,732 6.794
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Peak Discharges (cfs)

 Flooding Source and - Ultimate
- - ' ' XSID 10% 2% - 1% Conditions | 0.20%
Location l Flood | Flood | Flood | 1% Flood | Flood
Highway 75 Tributary Below
Confluence of U.S. Business 5,748 3,563 4,907 5,579 5,579 6,699
Above Confluence of U.S.
Business Highway 75 Tributary 5,807 2,629 3,648 4,169 4,169 4,969
Below small left bank tributary
downstream of Lambreth Road 9,995 2,258 3,149 3,574 3,574 4,190
At Lambreth Road 10,921 2,158 3,011 3,421 3,421 4,033
Below State Highway 82 15,569 1,762 2,462 2,814 2,838 3,356
Above State Highway 82 16,069 1,762 2,462 2,814 2,838 3,356
POST OAK CREEK
At Southern Pacific Railroad Bridge 3,710 | 13,778 | 19,841 23,146 24,380 | 29,136
At U.S. Highway 75 14112 | 12,376 | 18,087 | 21,461 22,545 | 26,946
Above confluence of right tributary
approx.
600 feet upstream of U.S. Highway 75 17,933 | 12,145 | 18,186 | 21,304 22,321 | 26,700
Below confluence of Sand Creek 20,268 | 11,990 | 18,041 | 21,192 22,144 | 26,260
Above confluence of Sand Creek 21,268 6,662 9,624 | 10,767 11,039 | 12,494
Below confluence of
East Fork Post Oak Creek 25768 | 6,662 | 9624 | 10,767 11,039 | 12,494 .
Above confluence of
East Fork Post Oak Creek 25,894 3,480 5,008 5,716 5,726 6,884
At Texas & Pacific Railroad 30,235 3,480 5,008 5,716 5,726 6,884

Below confluence of small left bank
tributary approximately 300 feet
upstream of Taylor Street 34,801 2,975 4,238 4,905 4,925 5,785

Above confluence of small left bank
tributary approximately 300 feet

upstream of Taylor Street 35,214 2,975 4,238 4,905 4,925 5,785
Below confluence of Stream E 39,714 1,991 2,771 3,076 3,425 3,596
Above confluence of Stream E 40,214 397 430 518 719 1,684
Below SCS Dam inflows at peak 42,685 382 416 504 702 1,660
Inflows to SCS Dam 42982 | 2,020 | 4,083 | 4867 5282 | 6175
SAND CREEK

Above confluence with Post Oak Creek 1,007 7,206 10,242 | 11,581 12,005 | 14,276
Below confluence of Stream A 6,507 7213 10,500 | 11,645 12,005 | 14,378
Above confluence of Stream A 7,007 7,281 10,276 | 11,712 11,712 | 14,380
Above Highway 56 9,472 7,239 10,378 11,841 11,841 | 14,388
At Texas and Pacific RR 15,882 6,577 9,391 10,725 11,265 | 13,092
Below confluence of Friendship Church

Tributary 21,893 6,248 8,797 10,086 10,654 12,345

Page 33 of 147



Post Oak Creek Flood Protection Plan September 27, 2013
Final Report

®

Peak Discharges (cfs)

Flooding Source and Ultimate
XS ID 10% 2% 1% Conditions | 0.20%
Location Flood Flood Flood 1% Flood Flood
Above confluence of Friendship Church
Tributary
Below SCS Dam inflows at peak 25,311 383 420 434 444 466

Confluence of tributary approximately
200 feet downstream of Cross Section
Z

STREAMB
STREAM E
STREAM G

1,546

3.9.2 Peak Flow Rates from Previous Studies

The current effective discharges were obtained from the Grayson County Flood Insurance Study
(FIS) dated September 29, 2010. These records were provided by the City of Sherman and are
shown on Table 13.

Table 13. FIS — Flow Rates Summary.

: Peak Discharges (cfs)
. Drainage |— s =
Flooding Source and Area 10% 2% 1% | 0.20%
Location (sq. Annual | Annual | Annual | Annual
mile)

Chance | Chance | Chance | Chance
EAST FORK POST OAK CREEK
Above confluence with Post

4.0 4,490 5,530 6.000 6.940

Oak Creek
At Washington Avenue 40| 5320| 7.080| 7.940| 1,030
At tae Taxasand Facifie 38| 5170| 7.130| 7.800| 10,020
Railroad

Highway 75 Tributary Below
Confluence of U.S. Business

Above confluence of U.S.
Business Highway 75 Tributary

2.8 4,000 5,326 5,898 7,410

2.1 2,860 3,800 4,260 5,510

Below small left bank tributary

downstream of Lambreth Road 18 2400 280 3,600 4,690

At Lambreth Road 1.5 2,030 2,680 3,080 4,060

Below State Highway 82 1.2 2,100 2,740 3,080 3,990

Above State Highway 82 1.2 2,380 3,200 3,560 4,370
POST OAK CREEK

Above confluence with

Choctaw 356 | 10,840 | 17,990 | 21,340 | 27,420
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Peak Discharges_ (cts) .

e | Drainage - =
Flooding Source and | Area | 10% | 2% | 1% | 020%
Location (sq. | Annual | Annual | Annual | Annual
mile) | chance | Chance | Chance | Chance
Below confluence of left bank
tributary 2,200 feet upstream 345| 12,480 | 19,890 ( 23,380 | 29,670
of FM 1417
At‘Southern Pacific Railroad 308 12,100 19,130 22,370 28,370
Bridge
At U.S. Highway 75 28.5 11,700 18,340 21,250 26,810

Above confluence of right

tributary approximately 600
feet Upstream of U.S. H|ghway 27.6 1 1,500 18,000 20,830 26,240

75

Below confluence of Sand 263 | 11840 | 18470 | 21440 | 26860

Creek
Above confluence of Sand 129| 7560 | 10940 | 12.410| 15340
Creek
gelowconfluenceofSplntFlow 117 8,000 | 11.310| 12770 | 15.940

Below confluence of East Fork

Post Oak Crask 1R [E7E 7,290 9,900 11,070 | 13,130

Above confluence of East Fork
Bt ik Croak 7.8 3,320 4,960 5,650 6,980 .
At Texas & Pacific Railroad 7.5 3,470 5,220 5,970 7,420

Below confluence of small left
bank tributary approximately
300 feet upstream of Taylor
Street

6.6 3,570 5,150 5,780 7,100

Above confluence of small left
bank tributary approximately

300 feet upstream of Taylor 6.2 2,760 +Hoz0 4,530 5,560

Street

Below confluence of Stream E 55 2,180 3,050 3,400 4110

Above confluence of Stream E 4.4 1,000 1,410 1,550 1,840

Eee;ci(w SCS Dam inflows at 4.0 208 326 601 1.624

Inflows to SCS Dam 4.0 301 331 589 1,667
SAND CREEK

Above confluence with Post 142 7,520 11,510 13,220 16,570

Oak Creek

Below confluence of Stream A 13.5 8,220 12,220 13,970 17,400
Above confluence of Stream A

- Highway 56 11.8 8,130 12,110 13,840 | 17,240
Above Highway 56 11.4 8,090 12,040 13,760 | 17,130
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Peak Discharges (cfs)

Drainage
Flooding Source and Area 10% 2% 1% 0.20%
Location (?gQ- Annual | Annual | Annual | Annual
mile) Chance | Chance | Chance | Chance
At Texas and Pacific RR 10.:5 8,750 12,820 14,540 17,840
Below confluence of
Friendship Church Tributary 9.4 9,420 13,460 15,240 18,960

Above confluence of
Friendship Church Tributary 4.6 4,670 6,810 7,740 9,670
Confluence of tributary
approximately 200 feet
downstream of Cross Section

zZ 3.3 4,600 6,410 7.230 8,960
STREAM B 3.0 1,600 2,800 3,300 4,900
STREAM E 13l 900 1,500 1,700 2,500
STREAM G 3.0 1,600 2,800 3,300 4,900

3.9.3 Comparison of 2007 Storm to Frequency Storms

This report utilizes the frequency storm method to predict peak runoff rates to be utilized in the
analysis and evaluation of proposed mitigation measures. The frequency storm method is

. designed to produce a synthetic storm from statistical precipitation data. The 1% chance event
also known as the 100-yr storm, which is utilized in this report, is a theoretical storm which has a
24-hr duration and a total rainfall of 10.2 inches. The 2% chance event also known as the 50-yr
storm also has a 24-hr duration and a total rainfall of 9.0 inches.

The 2007 storm was the result of a system of thunderstorms slowly moving through the area.
Following two consecutive days of light rainfall, on June 18, Sherman recorded 7.6 inches of
rainfall in an 8-hr period. City staff was able to obtain a copy of the precipitation data for this
event from Steve LaNore at KXII. This data was processed in the HEC-HMS model to obtain
the peak flow rates generated by this storm event. A statistical analysis was not performed on
the '07 storm data, however a comparison of the peak flows generated by this storm were
compared to the 1% and 2% chance events, see Figure 6. The Peak flows produced by the '07
storm are slightly more than those produced by the 2% chance event and an average of 12%
less than the flows produced by the 1% chance event. There are no stream flow gages on Post
Oak Creek or downstream on Choctaw Creek; therefore, we were unable to compare the HMS
model results to actual measured data. The nearest stream gage is USGS gage |.D. number
08050840 located on Range Creek near Collinsville, TX, which is located approximately 11
miles southwest of this study area. The drainage area above the Range Creek gage is 29.2
square miles which is similar in size to the study area. This gage recorded a flood event on
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June 18, 2007; however, there is no corresponding precipitation data available for this site, i
which is necessary to develop any meaningful correlation between the gage and this study area.

Comparison of 2007 Storm with Standard Frequency Storms

25,000

20,000 T

W Post Oak Creek 1% Chance Event
| A Post Oak Creek "07 Storm
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Peak Flow ;
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Figure 6. Comparison of 2007 Storm to Frequency Storms. .

3.9.4 Comparison of Flows

The results of the FPP model were compared to the FIS model prepared by Freese and
Associates, Inc. / Rady and Associates, Inc., Consulting Engineers, for FEMA, which was
completed in August 1978. The peak flows in the FPP study are lower than the flows in the FIS
model at several locations. Normally urbanized growth would be expected to result in increased
flows as the land is developed. The NRCS in conjunction with the City has constructed three
lakes in the Post Oak Creek watershed. Site 8A was constructed in 2000 on Sand Creek;
Pickens Dam was constructed in 1974 on Sand Creek tributary Stream A and Dean Gilbert Dam
was constructed in 1988 in the upper reach of Post Oak Creek. These improvements would be
expected to significantly reduce the magnitude of any flood flows. The FPP peak discharges are
shown on Table 15, and the comparison between the current effective flows and the FPP are
shown on Table 14.
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Table 14. Comparison of FPP & FIS Flow Rates.

FPP
Drainage diglrs 25 Percent
Discharge Location %€ | Fiocod Flood
fires Discharge | Discharge Lherge
(mile2) g 9
EAST FORK POST OAK CREEK
Above confluence with Post =
Oak Cresk 4.1 6,129 6,000 2.1%
At Washington Avenue 3.9 6,156 7,940 -29.0%
gtating aze"as and Paciie 38 6,268 7.800 | -24.4%
Highway 75 Tributary Below "
Confluence of U.S. Business -l 5,558 5,898 o
Above confluence of U.S.
Business Highway 75 2.3 4,169 4,260 -2.2%
Tributary
Below small left bank
tributary downstream of 1.9 3,574 3,600 -0.7%
Lambreth Road
At Lambreth Road 1.6 3.421 3,080 10.0%
Below State Highway 82 1.3 2,814 3,080 -9.4%
Above State Highway 82 1.3 2,814 3,560 -26.5%
POST OAK CREEK

Above confluence with _ i 21.340
Choctaw
Below confluence of left
bank tributary 2,200 feet - - 23,380 -
upstream of FM 1417
AtlSouthern Pacific Railroad 32.6 23.824 22.370 6.1%
Bridge
At U.S. Highway 75 28.7 21,979 21,250 3.3%
Above confluence of right
tributary approximately 600
feet Upstream of U.S. 27.2 21 ,712 20,830 41%
Highway 75
Below confluence of Sand 26.3 21532 21.440 0.4%
Creek
Above confluence of Sand 120 10,634 12,410 | -16.7%
Creek
Below confluence of Split 12,770 :
Flow 2
Below confluence of East
Fork Post Oak Creek L 10,876 11,070 8

Page 38 of 147



Post Oak Creek Flood Protection Plan
Final Report

September 27, 2013

. s .| FPPI% FIS 1% B
Discharge Location oy Flood Flood
Area 2 ; Change
; Discharge | Discharge
(mile2)
Above confluence of East
Fork Post Oak Creek 7.9 5,699 L 0.9%
At Texas & Pacific Railroad 7.4 5,709 5,970 -4.4%
Below confluence of small
left bank tributary -15.1%
approximately 300 feet wi 4,908 9,080 >
upstream of Taylor Street
Above confluence of small
left bank tributary -9.0%
approximately 300 feet R i 4,530 '
upstream of Taylor Street
Eelow confluence of Stream 57 3.414 3.400 0.4%
/ébove confluence of Stream 4.7 1,507 1,550 .2.8%
Below SCS Dam inflows at
-16.1%
peak 41 504 601 o
Inflows to SCS Dam 41 6,369 589 | 981.3%
SAND CREEK
Above confluence with Post
-12.0%
Ol Ciek 145 11,635 13,220
E:elow confluence of Stream 136 11.561 13,970 | -17.2%
ibove confluence of Stream 116 11,342 13,840 -18.0%
At Texas and Pacific RR 10.5 10,725 14,540 | -26.2%
Below confluence of : o
; 10,086 15,240 33.8%
Friendship Church Tributary e e
Above confluence of
Friendship Church Tributary, .94 49
Below SCS Dam inflows at -l o 7,140 e
peak
Confluence of tributary
approximately 200 feet -48.1%
downstream of Cross 3.3 3,755 7,230 '
Section Z
STREAM B 47 8,868 3,300 | 168.7%
STREAM E 1.0 1,966 1,700 15.6%
STREAM G 15 1,270 3,300 -61.5%

o
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Table 15. Post Oak Creek, Sand Creek and Tributaries’ Stream Flows.

RAS Cross Sections Flows
- River Ultimate

‘River Reach Station | 2-YR 5-YR 10-YR 25-YR 50-YR | 100-YR | 100-YR | 500-YR

EF Post Oak Crk | T2 836 178 270 327 385 440 500 500 586
EF Post Oak Crk | T1 8,540 181 281 342 406 467 533 533 628
EF Post Oak Crk | T1 4227 37 582 709 840 965 1,100 1,103 1,298
EF Post Oak Crk | T1 1,667 377 582 709 840 965 1,100 1,103 1,298
EF Post Oak Crk | T1 1,206 568 874 1,056 1,254 1,431 1,628 1,673 1,920
EF Post Oak Crk | Reach 01 22,173 257 417 518 625 729 836 851 999
EF Post Oak Crk | Reach 01 20,569 257 417 518 625 729 836 851 999
EF Post Oak Crk | Reach 01 17,069 896 1,428 1,762 2,124 2,462 2,814 2,838 3,356
EF Post Oak Crk | Reach 01 11,569 1,089 1,746 2,158 2,594 3,011 3,421 3,421 4,033
EF Post Oak Crk | Reach 01 10,921 1,089 1,746 2,158 2,594 3,011 3,421 3,421 4,033
EF Post Oak Crk | Reach 02 9,995 1,144 1,832 2,258 2,725 3,149 3,574 3,574 4,190
EF Post Oak Crk | Reach 02 8,214 1,185 1,896 2,329 2,819 3,248 3,698 3,698 4,357
EF Post Oak Crk | Reach 02 6,393 1,350 2,144 2,629 373 3,648 4,169 4,169 4,969
EF Post Oak Crk | Reach 03 5,748 1,856 2916 3,563 4,270 4,907 5,579 5,579 6,699
EF Post Oak Crk | Reach 03 3,196| 2,484 3,884 4,672 5462 5,780 6,149 6,732 6,794
EF Post Oak Crk | Reach 03 1,765 2,495 3,895 4,679 5,469 5,730 6,055 6,752 6,655
Post Oak Creek Reach 01 57.527 396 678 857 1,049 1,234 1,424 1,504 1,722
Post Oak Creek T 1,301 208 386 502 632 757 881 960 1,090
Post Oak Creek Reach 02 55,145 588 1,040 1,329 1,647 1,953 2,262 2,423 2,765
Post Oak Creek Reach 02 49,145 912 1,689 2,612 3,528 4157 4,926 5,304 6,180
Post Oak Creek T6 7,532 345 547 674 810 936 1,069 1,069 1,271
Post Oak Creek T6 2,822 476 821 1,019 1,292 1,537 1,792 1,815 2,101
Post Oak Creek 15 3,055 202 372 482 601 718 835 903 1,025
Post Oak Creek T5 1,340 332 616 783 1,001 1,206 1,408 1.522 1,684
Post Oak Creek T8 390 332 616 783 1,001 1,206 1,408 1,522 1,684
Post Oak Creek Reach 03 48,213 912 1,689 2,612 3,528 4,157 4,926 5,304 6,180
Post Oak Creek Reach 03 46,536 698 1,251 2,020 3,335 4,083 4,867 5,282 6,175
Post Oak Creek Reach 03 42,685 358 380 392 405 416 504 702 1,660
Post Oak Creek Reach 03 42214 348 384 397 413 430 518 719 1,684
Post Oak Creek Reach 04 39,714 901 1,589 1,991 2,425 2,771 3,076 3,425 3,596
Post Oak Creek Reach 04 38,606 1,395 2,370 2,975 3,653 4,238 4,905 4,925 5,785
Post Oak Creek T4 7,962 64 106 133 163 190 218 219 263
Post Oak Creek T4 6,286 64 106 133 163 190 218 219 263
Post Oak Creek T4 3,844 181 298 373 453 528 607 613 731
Post Oak Creek T4 1,962 293 488 611 742 865 985 987 1,089
Post Oak Creek Reach 05 34,801 1,395 2,370 2,975 3,653 4,238 4,905 4,925 5,785

Page 40 of 147




Post Oak Creek Flood Protection Plan

September 27, 2013

Final Report

Post Oak Creek Reach 05 32,200, 1,638 2,755 3,464 4,254 4,941 5,663 5,672 6,748
Post Oak Creek Reach 05 30,235 1,660 2,750 3,480 4,309 5,008 5716 5,726 6,884
Post Oak Creek Reach 06 25,768| 3,407 5,425 6.662 8,031 9,624 10,767 11,039 12,494
Post Oak Creek Reach 07 20,268| 5,708 9,561 11,990 14,928 18,041 21,192 22,144 26,260
Post Oak Creek T2 10,641 430 711 889 1,081 1,261 1,447 1,447 1,740
Post Oak Creek T3 7,521 711 1,138 1,408 1,697 1,966 2,249 2,249 2,683
Post Oak Creek Reach 08 17,933 5,798 9,683 12,145 15,076/ 18,186 21,304 22,321 26,700
Post Oak Creek Reach 09 14,112 5,939 9,856| 12,376 15,255| 18,087 21,461 22,545 26,946
Post Oak Creek T1 2,618 120 210 266 326 385 445 466 538
Post Oak Creek Reach 10 5,610 5,975 9,912 12462 15,370 18,186 21,378 22,557 27,099
Post Oak Creek Reach 11 4,011 6,390 10,340 12,981 15,999 18,801 22,025 23,259 27,847
Post Oak Creek Reach 12 3,710/ 6,832 10,998 13,778 16,932 19,841 23,146 24,380 29,136
Sand Creek T1 5,048 541 987 1,275 1,595 1,899 2,204 2375 2,710
Sand Creek Reach 01 40,684 250 452 585 742 886 1,024 1,110 1,283
Sand Creek Reach 02 34,507 719 1,314 1,702 2,143 2,560 2,968 3,212 3,694
Sand Creek Reach 02 32,803 722 1,268 1,546 1,707 2,670 3.7bbH 4,535 5,985
Sand Creek Reach 03 29,507 722 1,268 1,546 1,707 2,670 3,755 4,535 5,985
Sand Creek Reach 03 25,311 317 361 383 403 420 434 444 466
Sand Creek Reach 04 21,893 2,673 4,926 6,248 7,531 8,797 10,086 10,654 12,34
Sand Creek Reach 04 15,882| 2,816 5,187 6,577 8,049 9,391 10,725 11,265 13,09.
Sand Creek T2 3,301 118 192 239 287 334 384 384 457
Sand Creek Reach 05 12,007 2,805 5,109 6,512 8,019 9,365 10,694 11,226 13,090
Sand Creek Reach 05 11,007| 3,164 5723 7,239 8,917 10,378 11,841 11,841 14,388
Sand Creek Reach 05 9,274 3,170 5712 7,231 8,840/ 10,276 11,712 14,712 14,380
Sand Creek Reach 06 6,507 3,299 5,751 7,213 8,781 10,500 11,645 12,005 14,378
Sand Creek Reach 06 3,507 3,300 5,752 7,206 8,746/ 10,242 11,581 12,005 14,276
Stream A Reach 01 9,500/ 1,224 1,960 2,422 2,914 3.375 3,861 3,861 4,599
Stream A Reach 01 5,500 117 122 125 128 131 134 134 632
Stream B Reach 01 19,246 1,160 2,061 2,633 3,242 3,832 4,441 4,739 5,391
Stream B Reach 01 4,359 1,619 2,984 3,840 4,715 5,598 6,481 6,949 8,041
Stream C Reach 01 7,000 351 635 817 1,014 1,205 1,398 1,506 1,708
Stream E Reach 01 8,000 340 587 744 915 1,079 1,246 1,314 1,511
Stream F Reach 01 14,000 590 919 1,127 1,356 1,561 1,776 1,792 2,117
Stream F Reach 01 9,099 619 974 1,196 1,451 1,664 1,883 1,898 2,239
Stream G T2 4,000 164 268 333 403 469 539 548 647
Stream G T2 1,500 164 268 333 403 469 539 548 647
Stream G il 2,384 172 287 360 439 513 589 598 710
Stream G Reach 01 14,042 164 268 333 403 469 539 548 647
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4 Hydraulic Analysis

A detailed hydraulic analysis was performed for the Post Oak Creek watershed. This hydraulic
analyses computed the water surface elevations for the 50%, 20%, 10%, 4%, 2%, 1% and 0.2%
annual chance (2-YR, 5-YR, 10-YR, 25-YR, 50-YR, 100-YR and 500-YR, respectively) existing
condition storm events and the ultimate conditions 1% annual chance event. This analysis also
includes the delineation of the existing conditions 1% and 0.2% annual chance floodplains, and
the ultimate conditions 1% annual chance floodplains.

The HEC-RAS model of Post Oak Creek begins on the southeast side of Sherman, downstream
of the railroad 2,000 feet north of F.M. 1417 and extends to the upper limits of the watershed
north and west of Sherman. This Flood Protection Planning analysis encompassed 35.0 miles
of stream including Post Oak Creek, East Fork Post Oak Creek, Sand Creek and 15.5 miles of
Unnamed Tributaries.

Overall maps showing the extents of the studied reaches are included in Exhibit 5 of Appendix
A. The HEC-RAS modeling is one dimensional, steady state. The sections that follow describe
the development of the hydraulic model in in the Post Oak Creek Watershed.

4.1 Hydraulic Analysis

4.1.1 Processing

The HEC-RAS models were developed for the 50%, 20%, 10%, 4%, 2%, 1% and 0.5% existing
conditions annual-chance-flood events as well as the ultimate conditions 1% annual-chance-
flood event. The detailed study methodology incorporated use of HEC-GeoRAS software as a
preprocessor to HEC-RAS. HEC-GeoRAS utilizes geographically referenced data sets as well
as a three-dimensional terrain model to create the input data files for HEC-RAS. The terrain
model was developed using the 2-ft. TNRIS LiDAR topography data. HEC-RAS was then
executed to determine the flood elevation at each cross-section of the modeled stream. The
resulting elevations are then post-processed by HEC-GeoRAS for creation of the floodplain
boundaries.

4.1.2 Topography

The 2-ft LiDAR data developed by the City of Sherman in 2008 was horizontally referenced to
the NAD 83, Texas State Plane, North Central Zone coordinate system and was vertically
referenced to NAVD 88. Field survey of channel cross sections, bridges and culverts was
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performed between November 2011 and January 2012 by Underwood Drafting & Surveying,
Inc. The field survey data obtained was haorizontally referenced to the NAD83, Texas State
Plan, North Central Texas coordinate system and vertically referenced to North American
Vertical Datum (NAVD88). In order to insure that the field surveys and the digital terrain data
obtained from the LiDAR would be compatible, the LIDAR acquisition and field surveyors utilized
the same reference marks.

4.1.3 Boundary Conditions and Tie-ins

The downstream starting water-surface elevations (WSELS) for all profiles in the HEC-RAS
models were calculated using normal depth method.

4.1.4 Cross-Sections

Model cross-sections were placed along the study streams using the available contour data

(Sherman LiDAR). Where roads or other structures are encountered, additional cross-sections

were acquired through additional surveying to meet HEC-RAS data input needs. An extensive

field survey of hydraulic structures was conducted to help enhance the accuracy of the hydraulic

model. These detailed cross-sections were then used to enhance the channel portions of the

cross-sections derived from the terrain model. The HEC-RAS model generated from HEC .
GeoRAS then received an extensive quality check / quality assurance to ensure that LiDAR and

field survey data were merged correctly.

4.1.5 Structures

Bridges and culverts are typically modeled with four cross-sections an upstream section, a
section at the upstream face, a section at the downstream face and a downstream cross-
section, all four of these cross-sections were obtained through field survey. The survey data
was collected following surveying standards set by FEMA, March 2009 Appendix M, Data
Capture Standards. The surveyed data includes thirteen cross-sections of the concrete channel
along U.S. 75 and eighty-three bridges or culverts throughout the City. The survey data files
were processed in the ArcGIS software into point files and checked against the field sketches
and photographs. Elevations and horizontal measurements were checked for any anomalies.
The processed surveys were used to obtain the cross-section geometry for hydraulic modeling.
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4.1.6 Ineffective Flow Areas

Ineffective flow areas are added to portions of various cross-sections to accurately model any
given section's ability to convey flow. Ineffective flow areas are typically modeled by:
* Applying an ineffective flow area boundary in HEC-RAS with a test elevation that, if
exceeded, would offer some level of conveyance;
* Applying a permanent ineffective flow area boundary in HEC-RAS, this will permanently
prevent that portion of the cross section from conveying flow; or
e Applying a blocked obstruction boundary in HEC-RAS, this will permanently prevent that
portion of the cross section from conveying flow and removes storage capacity of the
stream.

Examples of temporary ineffective flow areas include: 1) minor swales parallel to the reach that
eventually outfall into the reach, or 2) cross sections immediately upstream or downstream of an
in-line structure. Examples of permanent ineffective flow areas include: 1) minor swales parallel
to the reach, which do not outfall into the reach, or 2) off-line water quality / detention ponds.

4.1.7 Channel Roughness Values

. Manning's n-values were estimated based on field inspections, engineering judgment and high
resolution aerial photography of stream channels and floodplain areas for the streams in the
study area. The n-values for various types of ground cover are listed in Table 16, and the
ranges of values used in the individual streams are shown in Table 17.

Table 16. Manning's Roughness Coefficients by Type.

Irregular channel, some pools & shoals

Irregular channel, some trees

Concrete channels

Channel with weeds and brush

Tree cover with some open space

Scattered trees, flow obstructions
Pasture with high grass
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Table 17. Summary of Manning's Roughness Coefficients by Stream.

Post Oak Creek 0.015-0.080 | 0.040-0.100
East Fork Post Oak Creek 0.015-0.080 | 0.035-0.100
Sand Creek 0.015-0.080 0.040 - 0.100
Tributaries 0.015-0.080 | 0.040-0.100

4.1.8 Reservoirs
Three NRCS reservoirs were incorporated into the HEC-HMS and HEC-RAS models. They are:
1. Site 8A which was constructed in 2000 and is located at Station 25,533 on Sand Creek.

2. Pickens Dam which was constructed in 1974 and is located at Station 5,840 on Stream
A which is a tributary of Sand Creek.

3. Dean Gilbert Dam which was constructed in 1988 and is located at Station 42,835 on
Post Oak Creek.

Record drawings for all three reservoirs where obtained from the NRCS. These drawings

provided elevation-storage data as well as the size and configuration of the outlet structures.
Elevation-storage data was entered into the HEC-HMS model directly. Elevation discharge .
curves were developed for the principal and auxiliary spillways of each dam from the record

drawing data. This information was entered into both the HEC-HMS and HEC-RAS models.

4.1.9 Modeling Parameters

Main channel and overbank reach lengths were extracted from the digital terrain model using
HEC GeoRAS. The other hydraulic parameters used in the analysis of Post Oak Creek are
shown in Table 18.

Table 18. Hydraulic Parameters.

Hydraulic Model Coefficient _Value or Range
Bridge pier drag coefficient, Cd 12
Pressure and weir coefficient (submerged inlet and outlet) 0.8
Expansion coefficient for bridges and culverts 0.5
Expansion coefficient for channels 0.3
Contraction coefficient for bridges and culverts 0.3
Contraction coefficient for channels 0.1
Weir coefficient for road decks 2.6103.0
Culvert entrance loss coefficient 0.5
Culvert exit loss coefficient 1
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4.2 Analysis of Model Results

Peak flow data from the HMS models was transferred into the RAS model, and the watershed
was modeled assuming a subcritical flow regime, which is consistent with FEMA's Guidelines
and Specifications for Flood Hazard Mapping Partners.

The existing conditions floodplains are shown on Exhibits 6 in Appendix A. Table 19 shows
the water surface elevations for the various events at each of the RAS cross section locations.

Table 19. Water Surface Elevations.

Water Slzﬁaé:i Elevation
i River ik
River Reach Sta. TS

2-YR | 5-YR | 10-YR | 25-YR | 50-YR | 100-YR | 100-YR | 500-YR
EF Post Oak Crk | T2 836 | 743.34 | 74495 | 745.18 | 745.36 | 745.49 | 745.61 745.61 745.75
EF Post Oak Crk | T2 720 | 736.30 | 737.51 | 738.18 | 738.82 | 739.38 | 739.92 739.92 | 740.65
EF Post Oak Crk | T2 500 | 735.30 | 736.86 | 737.64 | 738.40 | 739.03 | 739.63 739.63 | 740.42
EF Post Oak Crk | T1 8,540 | 800.32 | 801.10 | 801.49 | 801.85 | 802.15 | 802.46 802.46 | 802.88
EF Post Oak Crk | T1 8,220 | 799.95 | 800.66 | 801.01 | 801.34 | 801.62 | 801.89 801.89 | 802.29
EF Post Oak Crk | T1 7,717 | 794.89 | 795.05 | 795.14 | 795.22 | 795.30 | 795.37 795.37 | 795.46
EF Post Oak Crk | T1 7193 | 775.03 | 776.15 | 776.71 | 777.23 | 777.66 778.08 778.08 | 778.60
EF Post Oak Crk | T1 6,711 | 774.23 | 775.31 | 775.80 | 776.23 | 776.59 776.94 776.94 | 777.40
EF Post Oak Crk | T1 6,208 | 77291 | 774.32 | 774.82 | 775.17 | 775.44 | 775.69 77569 | 776.03
EF Post Oak Crk | T1 6,099 | 772.34 | 774.13 | 774.64 | 77499 | 775.24 | 775.47 775.47 | 775.79
EF Post Oak Crk | T1 5,947 | 771.36 | 771.82 | 772.05 | 772.28 | 772.48 | 772.67 77267 | 772.93
EF Post Oak Crk | T1 5,805 | 770.23 | 770.74 | 770.99 | 771.23 | 771.43 | 771.64 77164 | 771.90
EF Post Oak Crk | T1 5,198 | 763.05 | 763.28 | 763.37 | 763.46 | 763.55 | 763.63 763.63 | 763.74
EF Post Oak Crk | T1 4,686 | 757.97 | 758.73 | 759.04 | 759.28 | 759.51 759.76 759.77 | 760.07
EF Post Oak Crk | T1 4,227 | 748.51 | 750.06 | 750.34 | 750.49 | 750.58 | 750.55 750.57 | 750.97
EF Post Oak Crk | T1 4,108 | 748.56 | 750.03 | 750.30 | 750.44 | 750.52 | 750.45 750.48 | 749.35
EF Post Oak Crk | T1 4,051 | 74496 | 745.76 | 746.20 | 746.61 | 746.97 | 747.34 747.34 | 747.82
EF Post Oak Crk | T1 3,957 | 74419 | 745.63 | 746.41 | 74711 | 747.43 | 747.85 747.85 | 748.29
EF Post Oak Crk | T1 3,849 | 743.42 | 744.27 | 744.60 | 744.95 | 745.23 | 745.51 745.51 745.84
EF Post Oak Crk | T1 3,798 | 742.56 | 743.74 | 743.85 | 744.04 | 744.34 | 744.63 744,64 | 745.03
EF Post Oak Crk | T1 3,742 | 740.96 | 744.13 | 744.38 | 744.54 | 74462 | 744.70 74470 | 744.74
EF Post Oak Crk | T1 3,642 | 741.38 | 744.21 | 744.49 | 744.68 | 744.82 | 744.95 74495 | 745.09
EF Post Oak Crk | T1 3,583 | 740.05 | 742.20 | 742.37 | 742.50 | 742.57 | 742.62 74263 | 742.65
EF Post Oak Crk | T1 3,447 | 74010 | 742.28 | 742.48 | 742.66 | 742.78 | 742.91 742.92 | 743.07
EF Post Oak Crk | T1 3,391 | 737.24 | 740.72 | 740.95 | 741.10 | 741.21 | 741.27 741.28 | 741.28
EF Post Oak Crk | T1 3,354 | 737.46 | 740.80 | 741.08 | 741.28 | 741.44 | 741.58 74160 | 741.73
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P Water Stz;ﬂfagtla- ?Ievation
: River : S.L.
River Reach Sta. - o — T oy

2-YR | 5-YR | 10-YR | 25-YR | 50-YR | 100-YR | 100-YR | 500-YR
EF Post Oak Crk | T1 3,294 | 736.36 | 740.14 | 740.40 | 740.55 | 740.70 | 740.78 740.81 | 740.92
EF Post Oak Crk | T1 3,211 | 736.45 | 740.18 | 740.44 | 740.60 | 740.76 | 740.85 740.88 | 741.02
EF Post Oak Crk | T1 3,151 | 735.48 | 738.17 | 738.41 | 738.56 | 738.64 | 738.69 738.69 | 738.71
EF Post Oak Crk | T1 3,097 | 735.46 | 738.17 | 738.42 | 738.58 | 738.67 | 738.74 738.74 | 738.80
EF Post Oak Crk | T1 2,994 | 73418 | 735.92 | 736.08 | 736.11 | 736.16 | 736.25 736.25 | 736.30
EF Post Oak Crk | T1 2,894 | 734.24 | 735.96 | 736.16 | 736.23 | 736.33 | 736.50 736.50 | 736.71
EF Post Oak Crk | T1 2,809 | 732.64 | 733.96 | 734.16 | 734.08 | 734.01 734.52 73452 | 734.82
EF Post Oak Crk | T1 2,741 | 732.85 | 734.06 | 734.32 | 734.36 | 734.52 | 735.27 735.27 | 735.58
EF Post Oak Crk | T1 2,673 | 732.05 | 733.61 | 733.89 | 733.79 | 733.63 | 734.79 73479 | 735.12
EF Post Oak Crk | T1 2,616 | 732.06 | 733.62 | 733.91 | 733.83 | 733.70 | 732.90 73290 | 735.05
EF Post Oak Crk | T1 2,544 | 731.16 | 732.81 | 733.37 | 733.16 | 734.52 | 734.67 73466 | 734.84
EF Post Oak Crk | T1 2,468 | 731.50 | 733.08 | 733.64 | 733.65 | 733.63 | 7383.50 ¥33.:51 732.60
EF Post Oak Crk | T1 2,386 | 728.79 | 729.82 | 731.40 | 732.25 | 732.58 | 732.81 73282 | 732.99
EF Post Oak Crk | T1 2,354 | 728.45 | 730.36 | 731.59 | 732.45 | 732.82 733.18 733.19 | 733.51
EF Post Oak Crk | T1 2,249 | 728.08 | 729.25 | 729.84 | 730.51 | 731.00 | 731.50 731.51 732.16
EF Post Oak Crk | T1 2,184 | 727.56 | 728.67 | 729.23 | 729.75 | 730.17 | 730.61 73062 | 731.16
EF Post Oak Crk | T1 1,927 | 725.67 | 726.69 | 727.21 | 727.69 | 727.74 | 727.83 727.83 | 728.22 .
EF Post Oak Crk | T1 1,667 | 721.15 | 721.96 | 722.40 | 722.80 | 723.90 | 724.84 72486 | 725.72
EF Post Oak Crk | T1 1,548 | 719.03 | 721.04 | 72217 | 723.26 | 724.25 | 72543 72545 | 726.29
EF Post Oak Crk | T1 1,399 | 716.84 | 718.04 | 718.68 | 719.23 | 719.73 | 720.27 720.37 | 721.03
EF Post Oak Crk | T1 1,206 | 714.38 | 715.50 | 715.84 | 716.38 | 716.64 | 716.86 716.92 | 717.11
EF Post Oak Crk | T1 780 | 708.43 | 709.96 | 713.28 | 71412 | 71463 | 715.10 715.18 | 715.71
EF Post Oak Crk | T1 39 | 704.78 | 707.69 | 710.82 | 712.35 | 713.24 | 714.05 71415 | 71517
EF Post Oak Crk | Reach 01 22,173 | 810.15 | 810.39 | 810.52 | 810.66 | 810.80 | 810.92 810.93 | 811.02
EF Post Oak Crk | Reach 01 21,966 | 808.22 | 808.36 | 808.42 | 808.49 | 808.53 | 808.58 808.59 | 808.71
EF Post Oak Crk | Reach 01 21,630 | 804.76 | 805.21 | 805.42 | 805.62 | 805.79 | 805.94 805.96 | 806.15
EF Post Oak Crk | Reach 01 21,569 | 804.51 | 804.98 | 805.19 | 805.39 | 805.57 | 805.71 805.72 | 805.92
EF Post Oak Crk | Reach 01 21,357 | 801.48 | 801.96 | 802.26 | 802.51 | 802.71 802.97 803.02 | 803.25
EF Post Oak Crk | Reach 01 21,171 | 799.60 | 800.18 | 800.48 | 800.72 | 800.92 | 801.11 801.13 | 801.35
EF Post Oak Crk | Reach 01 21,068 | 799.22 | 799.73 | 800.03 | 800.25 | 800.43 | 800.60 800.62 | 800.81
EF Post Oak Crk | Reach 01 20,569 | 795.26 | 795.80 | 796.03 | 796.19 | 796.33 | 796.46 796.48 | 796.66
EF Post Oak Crk | Reach 01 20,341 | 793.14 | 793.83 | 794.11 | 794.34 | 794.55 | 794.74 794.76 | 795.00
EF Post Oak Crk | Reach 01 20,206 | 792.37 | 792.82 | 793.03 | 793.21 | 793.34 | 793.45 793.47 | 793.60
EF Post Oak Crk | Reach 01 20,069 | 791.52 | 791.82 | 791.97 | 792.09 | 792.19 | 792.29 792.30 | 792.42
EF Post Oak Crk | Reach 01 19,571 | 788.10 | 788.45 | 788.62 | 788.78 | 788.92 | 789.04 789.07 | 789.23
EF Post Oak Crk | Reach 01 19,070 | 782.84 | 783.31 | 783.54 | 783.75 | 783.93 | 784.10 784.11 | 784.30
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Final Report
Water Surface Elevation
River Reach Rivar S -
Sta. Ultimate

2-YR | 5-YR | 10-YR | 25-YR | 50-YR | 100-YR | 100-YR | 500-YR
EF Post Oak Crk | Reach 01 18,876 | 78251 | 782.85 | 783.02 | 783.10 | 783.19 | 783.24 783.28 | 783.38
EF Post Oak Crk | Reach 01 18,544 | 779.42 | 779.81 | 779.99 | 780.15 | 780.29 | 780.42 780.43 | 780.58
EF Post Oak Crk | Reach 01 18,043 | 776.23 | 776.49 | 776.66 | 776.80 | 776.90 | 777.03 L QF | TH7.28
EF Post Oak Crk | Reach 01 17,569 | 774.04 | 774.57 | 774.85 | 775.13 | 775.24 | 775.38 775.39 | 775.64
EF Post Oak Crk | Reach 01 17,069 | 770.78 | 771.22 | 771.45 | 771.67 | 772.04 | 772.39 77241 | 772.79
EF Post Oak Crk | Reach 01 16,881 | 769.40 | 770.25 | 770.87 | 771.32 | 771.89 | 772.20 77222 | 772.54
EF Post Oak Crk | Reach 01 16,569 | 766.75 | 767.39 | 768.64 | 769.45 | 771.31 | 771.81 77183 | 772.19
EF Post Oak Crk | Reach 01 16,069 | 764.34 | 766.80 | 768.47 | 769.34 | 771.26 | 771.76 771.79 | 772.14
EF Post Oak Crk | Reach 01 15,569 | 761.31 | 762.18 | 762.60 | 763.07 | 763.40 | 764.25 764.27 | 764.72
EF Post Oak Crk | Reach 01 15,069 | 756.83 | 757.72 | 758.13 | 758.53 | 758.86 | 759.17 759.19 | 759.58
EF Post Oak Crk | Reach 01 14,509 | 755.12 | 756.02 | 756.48 | 756.90 | 757.24 | 757.54 757.55 | 757.93
EF Post Oak Crk | Reach 01 14,125 | 753.17 | 754.39 | 754.96 | 755.43 | 755.79 | 756.12 756.14 | 756.52
EF Post Oak Crk | Reach 01 13,669 | 750.79 | 752.24 | 752.88 | 753.43 | 753.86 | 754.24 754.26 | 754.72
EF Post Oak Crk | Reach 01 13,069 | 747.40 | 748.98 | 749.75 | 750.49 | 751.01 751.45 751.48 | 752.00
EF Post Oak Crk | Reach 01 12,569 | 745.64 | 746.90 | 747.50 | 748.07 | 748.51 | 748.92 748.94 | 749.47
EF Post Oak Crk | Reach 01 12,069 | 744.11 | 745.35 | 745.98 | 746.55 | 747.01 747.42 74742 | 747.95
EF Post Oak Crk | Reach 01 11,569 | 742.38 | 743.60 | 744.22 | 744.76 | 745.18 | 745.54 74554 | 746.00
EF Post Oak Crk | Reach 01 11,069 | 740.39 | 741.36 | 741.75 | 742.07 | 742.39 | 742.68 742.68 | 743.09
EF Post Oak Crk | Reach 01 11,007 | 740.28 | 741.11 | 741.39 | 741.56 | 741.71 741.80 741.80 | 741.74
EF Post Oak Crk | Reach 01 10,921 | 736.16 | 737.87 | 738.61 | 739.29 | 739.88 | 740.44 74044 | 741.18
EF Post Oak Crk | Reach 01 10,766 | 735.83 | 737.44 | 738.13 | 738.78 | 739.34 | 739.87 739.87 | 740.59
EF Post Oak Crk | Reach 01 10,250 | 734.63 | 736.12 | 736.88 | 737.61 | 738.25 | 738.85 738.85 | 739.66
EF Post Oak Crk | Reach 01 10,096 | 734.07 | 735.64 | 736.39 | 737.22 | 737.91 | 738.55 738.55 | 739.40
EF Post Oak Crk | Reach 02 9,995 | 733.92 | 735.48 | 736.23 | 737.01 | 737.69 | 738.31 738.31 739.15
EF Post Oak Crk | Reach 02 9,732 | 732.66 | 734.25 | 735.07 | 735.96 | 736.70 | 737.38 737.38 | 738.27
EF Post Oak Crk | Reach 02 9,429 | 730.94 | 732.57 | 733.45 | 734.44 | 735.24 | 735.94 735.94 | 736.85
EF Post Oak Crk | Reach 02 9,232 | 729.72 | 731.18 | 731.98 | 733.05 | 733.87 | 734.54 734.54 | 735.39
EF Post Oak Crk | Reach 02 8,732 | 723.69 | 726.55 | 728.94 | 730.72 | 731.67 | 732.29 732.29 | 733.01
EF Post Oak Crk | Reach 02 8,587 | 723.21 | 726.55 | 729.00 | 730.80 | 731.76 | 732.39 732.39 | 733.14
EF Post Oak Crk | Reach 02 8,214 | 719.23 | 720.80 | 721.66 | 722.69 | 723.47 | 724.22 72422 | 725.26
EF Post Oak Crk | Reach 02 8,049 | 718.50 | 720.11 | 720.94 | 721.84 | 722.56 | 723.23 723.23 | 724.16
EF Post Oak Crk | Reach 02 7,589 | 716.08 | 717.77 | 718.71 | 719.68 | 72049 | 721.27 72127 2233
EF Post Oak Crk | Reach 02 7,170 | 712.33 | 713.92 | 714.99 | 715.94 | 716.66 | 717.27 717.27 | 718.21
EF Post Oak Crk | Reach 02 6,732 | 710.19 | 713.03 | 715.98 | 716.43 | 716.67 | 716.88 716.91 716.97
EF Post Oak Crk | Reach 02 6,393 | 709.65 | 713.43 | 716.02 | 716.47 | 716.71 | 716.90 716.93 | 716.96
EF Post Oak Crk | Reach 02 6,113 | 705.05 | 706.83 | 710.02 | 711.41 | 71214 | 712.79 71292 | 713.64
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Post Oak Creek Flood Protection Plan
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Final Report
Water Surface Elevation
River Reach | hver | - el :
Sta. : - i ' Ultimate |

2-YR | 5-YR | 10-YR | 25-YR | 50-YR | 100-YR | 100-YR | 500-YR
EF Post Oak Crk | Reach 02 5,807 | 703.54 | 706.54 | 710.20 | 711.73 | 712.56 | 713.29 713.41 | 714.27
EF Post Oak Crk | Reach 03 5,748 | 704.44 | 707.24 | 71043 | 711.91 | 712.73 | 713.46 713.57 | 71443
EF Post Oak Crk | Reach 03 3,436 | 695.32 | 697.84 | 698.94 | 699.87 | 699.97 | 700.00 700.82 | 699.56
EF Post Oak Crk | Reach 03 3,196 | 692.74 | 695.06 | 696.04 | 697.16 | 697.69 | 698.22 698.83 | 698.88
EF Post Oak Crk | Reach 03 3,132 | 691.77 | 693.96 | 694.52 | 694.60 | 694.70 | 695.42 696.33 | 696.29
EF Post Oak Crk | Reach 03 2,827 | 692.40 | 695.04 | 696.09 | 696.81 | 697.05 | 697.33 697.73 | 697.78
EF Post Oak Crk | Reach 03 2,696 | 689.78 | 691.86 | 693.39 | 694.63 | 694.90 | 695.08 695.48 | 695.51
EF Post Oak Crk | Reach 03 2,196 | 687.37 | 688.91 | 689.69 | 690.85 | 690.84 | 691.16 691.76 | 691.61
EF Post Oak Crk | Reach 03 1,765 | 686.73 | 689.67 | 690.66 | 691.59 | 691.68 | 691.97 692.50 | 692.44
EF Post Oak Crk | Reach 03 1,563 | 683.04 | 685.20 | 686.37 | 687.97 | 688.24 | 688.50 689.08 | 689.00
EF Post Oak Crk | Reach 03 1,196 | 680.39 | 683.58 | 684.04 | 684.39 | 684.55 | 684.69 684.97 | 684.94
Post Oak Creek | Reach 01 57,527 | 787.31 | 788.31 | 788.68 | 789.01 | 789.28 | 789.53 789.63 | 789.87
Post Oak Creek | Reach 01 57,027 | 785.54 | 786.34 | 786.73 | 787.09 | 787.39 | 787.67 787.78 | 788.07
Post Oak Creek | Reach 01 56,527 | 783.78 | 784.55 | 784.94 | 785.29 | 785.59 | 785.86 785.97 | 786.25
Post Oak Creek | Reach 01 56,027 | 782.32 | 783.08 | 783.38 | 783.67 | 783.93 | 784.18 784.27 | 784.52
Post Oak Creek | Reach 01 55,527 | 779.23 | 780.07 | 780.45 | 780.83 | 781.07 | 781.28 781.39 | 781.60
Post Oak Creek | T7 1,301 | 790.08 | 790.64 | 790.90 | 791.14 | 791.34 | 791.51 791.62 | 791.78 .
Post Oak Creek | T7 758 | 784.85 | 785.42 | 785.70 | 785.96 | 786.15 | 786.32 786.41 786.57
Post Oak Creek | T7 633 | 781.98 | 782.60 | 782.91 | 783.18 | 783.42 | 783.61 783.76 | 783.93
Post Oak Creek | Reach 02 55,145 | 778.65 | 779.36 | 779.72 | 780.08 | 780.34 | 780.59 780.71 | 780.96
Post Oak Creek | Reach 02 54,590 | 776.95 | 777.60 | 777.93 | 778.26 | 778.55 | 778.82 778.96 | 779.24
Post Oak Creek | Reach 02 54,145 | 775.05 | 776.04 | 776.47 | 776.92 | 777.24 | 777.54 77769 | 777.99
Post Oak Creek | Reach 02 53,611 | 772.04 | 773.18 | 773.73 | 774.06 | 774.43 774.82 77496 | 775.22
Post Oak Creek | Reach 02 53,244 | 767.60 | 769.02 | 769.82 | 771.08 | 771.64 | 772.06 772.25 | 772.66
Post Oak Creek | Reach 02 52,645 | 765.16 | 766.68 | 768.03 | 770.61 | 771.12 | 771.48 77163 | 771.98
Post Oak Creek | Reach 02 52,145 | 762.37 | 763.35 | 766.96 | 770.37 | 770.86 | 771.20 771.32 | 771.64
Post Oak Creek | Reach 02 51,612 | 761.12 | 763.69 | 767.08 | 770.42 | 770.91 771.26 77139 | 771.71
Post Oak Creek | Reach 02 51,532 | 760.72 | 763.65 | 767.07 | 770.42 | 770.91 771.25 77139 | 771.71
Post Oak Creek | Reach 02 51,311 | 756.37 | 758.31 | 759.31 | 760.15 | 760.89 | 761.50 761.79 | 762.37
Post Oak Creek | Reach 02 51,145 | 755.77 | 757.60 | 758.57 | 759.34 | 760.04 | 760.60 760.88 | 761.42
Post Oak Creek | Reach 02 50,645 | 753.89 | 755.48 | 756.27 | 756.96 | 757.50 | 757.97 758.18 | 758.59
Post Oak Creek | Reach 02 50,145 | 752.74 | 753.85 | 754.54 | 755.21 | 755.70 | 756.16 756.37 | 756.82
Post Oak Creek | Reach 02 | 49,645 | 752.03 | 752.51 | 753.15 | 753.98 | 754.47 | 754.97 755.20 | 755.71
Post Oak Creek | Reach 02 49,145 | 751.99 | 752.42 | 752.97 | 753.74 | 754.19 | 754.64 754.85 | 755.32
Post Oak Creek | Reach 02 48,855 | 751.98 | 752.39 | 752.92 | 753.67 | 754.12 | 754.55 754.76 | 755.23
Post Oak Creek | T6 7,532 | 776.36 | 777.42 | 777.71 | 77795 | 778.18 | 778.36 778.36 | 778.65
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Final Report
Water Surface Elevation
River Reach nger {e5E) -
ta. Ultimate

2-YR | 5-YR | 10-YR | 25-YR | 50-YR | 100-YR | 100-YR | 500-YR
Post Oak Creek | T6 7,102 | 776.19 | 777.28 | 777.53 | 777.74 | 777.94 | 778.05 778.05 | 778.29
Post Oak Creek | T6 6,800 | 772.29 | 772.59 | 77295 | 773.34 | 773.54 | 773.67 773.67 | 773.90
Post Oak Creek | T6 6,552 | 769.57 | 770.99 | 772.75 | 773.22 | 773.41 | 773.52 77352 77373
Post Oak Creek | T6 6,317 | 769.12 | 770.96 | 772.74 | 773.20 | 773.39 | 773.49 773.49 | 773.70
Post Oak Creek | T6 6,011 | 767.68 | 768.32 | 768.54 | 768.76 | 768.91 769.06 769.06 | 769.25
Post Oak Creek | T6 5,822 | 766.40 | 766.92 | 767.14 | 767.34 | 767.52 | 767.70 767.70 | 767.94
Post Oak Creek | T6 5,322 | 763.79 | 764.30 | 764.56 | 764.81 | 765.02 | 765.22 765.22 | 765.51
Post Oak Creek | T6 4,822 | 762.78 | 763.33 | 763.61 | 763.88 | 764.10 | 764.32 764.32 | 764.61
Post Oak Creek | T6 4,322 | 761.75 | 762.35 | 762.63 | 762.91 | 763.14 | 763.35 763.35 | 763.63
Post Oak Creek | T6 3,822 | 760.53 | 761.10 | 761.39 | 761.64 | 761.86 | 762.06 762.06 | 762.31
Post Oak Creek | T6 3,322 | 758.80 | 759.22 | 759.39 | 759.63 | 759.85 | 760.05 760.07 | 760.30
Post Oak Creek | T6 2,822 | 756.25 | 756.73 | 756.99 | 757.25 | 757.43 | 757.60 75759 | T57.79
Post Oak Creek | T6 2,322 | 753.47 | 754.05 | 754.12 | 754.41 | 754.74 | 755.09 755.22 | 755.63
Post Oak Creek | T6 1,822 | 752.03 | 752.50 | 753.03 | 753.79 | 754.24 | 754.69 754.89 | 755.36
Post Oak Creek | T6 1,322 | 752.01 | 752.45 | 752.99 | 753.75 | 754.20 | 754.65 754.86 | 755.33
Post Oak Creek | T6 822 | 751.99 | 752.42 | 752.96 | 753.72 | 754.17 | 754.62 754.83 | 755.30
Post Oak Creek | T5 3,055 | 762.46 | 763.05 | 763.34 | 763.58 | 763.78 | 763.97 764.11 764.29
Post Oak Creek | T5 2,297 | 757.43 | 759.45 | 759.95 | 760.32 | 760.64 | 760.92 761.05 | 761.30
Post Oak Creek | T5 1,685 | 754.35 | 756.42 | 756.96 | 757.39 | 757.72 | 758.00 758.12 | 758.27
Post Oak Creek | T5 1,340 | 752.32 | 753.20 | 753.69 | 754.31 | 754.74 | 755.15 765.36/| 755.75
Post Oak Creek | T5 840 | 752.01 | 752.46 | 753.00 | 753.76 | 754.22 | 754.66 754.88 | 755.34
Post Oak Creek | T5 340 | 751.99 | 752.40 | 752.94 | 753.70 | 754.14 | 754.59 754.80 | 755.27
Post Oak Creek | T8 390 | 751.98 | 752.39 | 752.93 | 753.69 | 754.13 | 754.58 754.79 | 755.25
Post Oak Creek | T8 128 | 751.98 | 752.39 | 752.93 | 753.69 | 754.13 | 754.57 754.78 | 755.25
Post Oak Creek | Reach 03 | 48,213 | 751.98 | 752.39 | 752.93 | 753.68 | 754.12 | 754.56 754.77 | 755.24
Post Oak Creek | Reach 03 | 47,714 | 751.98 | 752.39 | 752.91 | 753.67 | 754.11 | 754.55 754.76 | 755.22
Post Oak Creek | Reach 03 | 47,215 | 751.98 | 752.38 | 752.91 | 753.65 | 754.09 | 754.53 754.74 | 755.20
Post Oak Creek | Reach 03 46,928 | 751.98 | 752.38 | 752.90 | 753.65 | 754.09 | 754.52 754.73 | 75519
Post Oak Creek | Reach 03 | 46,536 | 751.97 | 752.35 | 752.84 | 753.54 | 753.93 | 754.30 754.48 | 754.85
Post Oak Creek | Reach 03 46,214 | 751.97 | 752.35 | 752.84 | 753.54 | 753.93 | 754.30 754.47 | 754.84
Post Oak Creek | Reach 03 | 45,714 | 751.97 | 752.35 | 752.84 | 753.54 | 753.93 | 754.30 754.47 | 754.84
Post Oak Creek | Reach 03 | 45,214 | 751.97 | 752.35 | 752.84 | 753.54 | 753.93 | 754.30 754.47 | 754.84
Post Oak Creek | Reach 03 | 44,715 | 751.97 | 752.35 | 752.84 | 753.54 | 753.93 | 754.30 754.47 | 754.84
Post Oak Creek | Reach 03 | 44,214 | 751.97 | 752.35 | 752.84 | 753.54 | 753.93 | 754.30 754.47 | 754.84
Post Oak Creek | Reach 03 | 43,714 | 751.97 | 752.35 | 752.84 | 753.54 | 753.93 | 754.30 754.47 | 754.84
Post Oak Creek | Reach 03 | 42,982 | 751.97 | 752.35 | 752.84 | 753.53 | 753.93 | 754.30 754.47 | 754.83
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Final Report
; Water Sazll\'niagi ?Ievation
: River - (MS.L. ' o
River Reach Sta. . Ultimate e

2-YR | 5-YR | 10-YR | 25-YR | 50-YR | 100-YR | 100-YR | 500-YR
Post Oak Creek | Reach 03 42685 | 716.90 | 71710 | 71718 | 717.27 | 717.37 | 717.76 718.48 | 720.56
Post Oak Creek | Reach 03 42,214 | 71590 | 716.21 | 716.31 | 716.45 | 716.59 | 717.01 71769 | 719.88
Post Oak Creek | Reach 03 | 42,026 | 715.84 | 716.15 | 716.25 | 716.39 | 716.52 | 716.91 71753 | 719.12
Post Oak Creek | Reach 03 41,714 | 715.18 | 715.50 | 715.61 | 715.77 | 715.92 | 716.25 716.76 | 718.27
Post Oak Creek | Reach 03 41,214 | 713.23 | 713.92 | 71443 | 714.97 | 71535 | 715.73 716.15 | 717.09
Post Oak Creek | Reach 03 | 40,714 | 712.32 | 713.60 | 714.25 | 714.87 | 715.27 | 715.65 716.04 | 716.73
Post Oak Creek | Reach 03 40,214 | 711.82 | 713.39 | 71412 | 714.78 | 715.21 715.58 71594 | 716.35
Post Oak Creek | Reach 04 | 39,714 | 710.71 | 712.54 | 713.38 | 714.07 | 714.54 | 714.93 715.26 | 715.60
Post Oak Creek | Reach 04 39,214 | 709.21 | 711.21 | 712.07 | 712.72 | 713.22 713.63 713.85 | 714.38
Post Oak Creek | Reach 04 | 38,714 | 706.54 | 708.83 | 709.90 | 710.95 | 711.84 | 712.38 712.37 | 713.38
Post Oak Creek | Reach 04 | 38,606 | 706.42 | 708.72 | 709.74 | 710.69 | 711.54 | 712.00 712.02 | 712.96
Post Oak Creek | Reach 04 38,455 | 706.15 | 708.42 | 709.40 | 710.32 | 711.02 | 711.71 711.72 | 712.47
Post Oak Creek | Reach 04 38,214 | 705.86 | 708.04 | 708.98 | 709.85 | 710.52 | 711.16 71118 | 711.88
Post Oak Creek | Reach 04 | 37,714 | 704.47 | 706.35 | 707.05 | 707.67 | 708.13 | 708.61 708.62 | 709.18
Post Oak Creek | Reach 04 | 37,214 | 702.86 | 704.48 | 705.16 | 705.82 | 706.33 | 706.86 706.87 | 707.53
Post Oak Creek | Reach 04 | 36,645 | 701.70 | 703.36 | 704.08 | 704.76 | 705.29 | 705.85 705.87 | 706.55
Post Oak Creek | Reach 04 36,213 | 700.36 | 701.98 | 702.75 | 703.52 | 704.12 | 704.74 704.76 | 705.48 .
Post Oak Creek | Reach 04 | 35,716 | 698.75 | 700.64 | 701.51 | 702.35 | 702.99 | 703.63 703.64 | 704.38
Post Oak Creek | Reach 04 35,214 | 696.84 | 698.78 | 699.64 | 700.48 | 701.09 | 701.70 701.71 702.40
Post Oak Creek | T4 7,962 | 798.87 | 798.95 | 798.99 | 799.03 | 799.06 | 799.09 799.09 | 799.14
Post Oak Creek | T4 7,462 | 792.50 | 792.66 | 792.74 | 792.84 | 792.92 | 792.99 792.99 | 793.09
Post Oak Creek | T4 6,962 | 788.53 | 788.68 | 788.78 | 788.86 | 788.92 | 788.98 788.98 | 789.07
Post Oak Creek | T4 6,763 | 784.86 | 785.21 | 785.63 | 785.76 | 785.82 | 785.87 785.88 | 785.96
Post Oak Creek | T4 6,462 | 778.15 | 778.63 | 778.87 | 779.06 | 779.22 | 779.38 779.39 | 779.61
Post Oak Creek | T4 6,286 | 775.02 | 776.23 | 777.25 | 777.62 | 777.82 | 777.95 77799 | 77817
Post Oak Creek | T4 6,154 | 774.67 | 776.06 | 777.16 | 777.53 | 777.73 | 777.84 777.88 | 778.03
Post Oak Creek | T4 5,962 | 769.89 | 770.19 | 770.54 | 770.98 | 771.34 | 771.54 77154 | 771.82
Post Oak Creek | T4 5,462 | 763.81 | 763.86 | 764.26 | 764.89 | 765.43 | 765.73 765.74 | 766.02
Post Oak Creek | T4 5,260 | 762.01 | 763.25 | 763.97 | 764.76 | 765.35 | 765.65 765.66 | 765.94
Post Oak Creek | T4 5,195 | 762.03 | 763.24 | 763.97 | 764.76 | 765.35 | 765.65 765.66 | 765.94
Post Oak Creek | T4 5,056 | 759.50 | 759.85 | 760.03 | 760.21 | 760.35 | 760.49 760.50 | 760.69
Post Oak Creek | T4 4,829 | 753.99 | 754.77 | 755.11 | 755.42 | 755.67 | 755.89 755.90 | 756.22
Post Oak Creek | T4 4,462 | 747.43 | 747.79 | 747.97 | 748.14 | 748.28 | 748.42 748.43 | 748.62
Post Oak Creek | T4 3,844 | 739.23 | 740.47 | 740.82 | 741.15 | 741.35 741.62 741.65 | 742.18
Post Oak Creek | T4 3,759 | 737.31 | 738.03 | 738.42 | 739.18 | 740.38 | 741.05 741.09 | 741.90
Post Oak Creek | T4 3,641 | 732.05 | 732.65 | 733.12 | 733.55 | 733.91 | 734.31 734.34 | 734.74
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Water Surface Elevation
River Reach Rives ML) -
Sta. Ultimate

2-YR | 5-YR | 10-YR | 25-YR | 50-YR | 100-YR | 100-YR | 500-YR
Post Oak Creek | T4 3,452 | 726.95 | 727.52 | 727.78 | 728.02 | 728.23 | 728.35 728.36 | 728.78
Post Oak Creek | T4 2962 | 71532 | 716.38 | 716.95 | 71745 | 717.88 | 718.28 718.30 | 718.78
Post Oak Creek | T4 2,462 | 714.02 | 715.15 | 715.75 | 716.31 | 716.77 £17.20 717.21 717.61
Post Oak Creek | T4 1,962 | 711.21 | 712.37 | 712.94 | 713.45 | 713.83 71412 71412 | 714.35
Post Oak Creek | T4 1,462 | 707.34 | 708.59 | 709.21 | 709.74 | 710.14 | 710.44 710.44 | 710.69
Post Oak Creek | T4 962 | 701.07 | 701.92 | 702.34 | 702.74 | 703.05 | 703.38 703.38 | 703.61
Post Oak Creek | T4 462 | 697.47 | 699.36 | 700.21 | 701.03 | 701.65 | 702.26 702.28 | 702.96
Post Oak Creek | Reach 05 | 34,801 | 695.95 | 697.92 | 698.77 | 699.60 | 700.18 [ 700.74 700.76 | 701.40
Post Oak Creek | Reach 05 | 34,534 | 694.94 | 696.95 | 697.74 | 698.48 | 698.94 | 699.33 699.34 | 699.81
Post Oak Creek | Reach 05 | 34,463 | 694.72 | 696.74 | 697.53 | 698.29 | 698.74 | 699.12 699.14 | 699.60
Post Oak Creek | Reach 05 | 33,768 | 693.05 | 694.79 | 695.42 | 696.06 | 696.53 | 697.01 697.02 | 697.67
Post Oak Creek | Reach 05 | 33,268 | 690.91 | 692.75 | 693.54 | 694.24 | 694.82 | 695.44 695.45 | 696.34
Post Oak Creek | Reach 05 | 32,768 | 689.85 | 692.04 | 692.91 | 693.63 | 694.24 | 694.90 69491 | 695.88
Post Oak Creek | Reach 05 32,200 | 689.20 | 691.54 | 692.44 | 693.16 | 693.80 | 694.48 694.49 | 695.54
Post Oak Creek | Reach 05 | 32,087 | 689.12 | 691.43 | 692.32 | 693.04 | 693.67 | 694.35 694.36 | 695.41
Post Oak Creek | Reach 05 31,950 | 688.77 | 690.83 | 691.88 | 692.86 | 693.60 | 694.29 694.30 | 695.35
Post Oak Creek | Reach 05 31,748 | 688.47 | 690.49 | 691.55 | 692.52 | 693.26 | 693.94 693.95 | 695.00
Post Oak Creek | Reach 05 | 31,268 | 687.92 | 690.15 | 691.26 | 692.26 | 693.01 | 693.70 693.71 | 694.78
Post Oak Creek | Reach 05 30,768 | 686.99 | 689.40 | 690.58 | 691.60 | 692.35 | 693.03 693.04 | 694.05
Post Oak Creek | Reach 05 | 30,235 | 686.30 | 688.90 | 690.13 | 691.16 | 691.90 [ 692.58 692.59 | 693.61
Post Oak Creek | Reach 05 | 30,103 | 686.05 | 688.63 | 689.83 | 690.80 | 691.49 | 692.12 692.13 | 693.06
Post Oak Creek | Reach 05 30,042 | 685.61 | 688.23 | 689.39 | 690.30 | 690.93 | 691.48 691.49 | 692.31
Post Oak Creek | Reach 05 | 29,879 | 685.30 | 687.98 | 689.18 | 690.09 | 690.72 [ 691.27 691.28 | 692.12
Post Oak Creek | Reach 05 | 29,311 | 684.40 | 687.16 | 688.31 | 689.08 | 689.58 | 690.00 690.01 | 690.63
Post Oak Creek | Reach 05 | 29,242 | 684.15 | 686.99 | 688.15 | 688.91 | 689.39 | 689.79 689.80 | 690.39
Post Oak Creek | Reach 05 | 29,131 | 683.19 | 685.35 | 686.86 | 687.87 | 688.50 | 689.00 689.01 | 689.74
Post Oak Creek | Reach 05 28,927 | 682.87 | 685.08 | 686.75 | 687.80 | 688.44 | 688.94 688.95 | 689.69
Post Oak Creek | Reach 05 28,768 | 682.52 | 684.85 | 686.61 | 687.67 | 688.31 | 688.80 688.81 | 689.53
Post Oak Creek | Reach 05 | 28,268 | 681.32 | 684.02 | 686.09 | 687.14 | 687.73 | 688.15 688.16 | 688.75
Post Oak Creek | Reach 05 27,768 | 679.39 | 682.74 | 685.39 | 686.42 | 686.93 | 687.22 687.23 | 687.61
Post Oak Creek | Reach 05 | 27,644 | 678.92 | 682.55 | 685.32 | 686.36 | 686.88 | 687.18 687.18 | 687.56
Post Oak Creek | Reach 05 | 27,528 | 677.31 | 680.30 | 682.95 | 684.49 | 685.53 | 686.00 686.02 | 686.60
Post Oak Creek | Reach 05 27,268 | 676.13 | 679.59 | 682.55 | 684.14 | 685.17 | 685.58 685.61 685.98
Post Oak Creek | Reach 05 27,148 | 675.58 | 679.26 | 682.47 | 684.10 | 685.14 | 685.57 685.60 | 686.00
Post Oak Creek | Reach 05 27,040 | 675.52 | 678.22 | 680.65 | 682.49 | 684.24 | 684.91 684.97 | 685.53
Post Oak Creek | Reach 05 26,768 | 674.48 | 677.20 | 679.83 | 681.96 | 683.88 | 684.54 684.62 | 685.16
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Water Surface Elevation
River Reach River (M.S.L.)
Sta. Ultimate

: 2-YR | 5-YR | 10-YR | 25-YR | 50-YR | 100-YR | 100-YR | 500-YR
Post Oak Creek | Reach 05 26,504 | 673.64 | 676.62 | 679.45 | 681.71 | 683.70 | 684.35 684.43“ 684.91 |
Post Oak Creek | Reach 05 | 26,414 | 673.29 | 676.37 | 679.31 | 681.11 | 682.79 | 683.56 683.70 | 684.29
Post Oak Creek | Reach 05 26,268 | 672.83 | 676.01 | 679.11 | 680.96 | 682.69 | 683.50 683.64 | 684.22
Post Oak Creek | Reach 05 | 26,034 | 672.76 | 676.02 | 679.20 | 681.08 | 682.81 | 683.60 683.74 | 684.34
Post Oak Creek | Reach 05 25,894 | 672.39 | 675.46 | 678.60 | 680.91 | 682.74 | 683.51 683.65 | 684.25
Post Oak Creek | Reach 06 | 25,768 | 672.12 | 675.13 | 678.38 | 680.79 | 682.67 | 683.47 683.61 | 684.22
Post Oak Creek | Reach 06 | 25,485 | 671.01 | 674.12 | 677.92 | 680.32 | 682.15 | 682.94 683.07 | 683.63
Post Oak Creek | Reach 06 | 25,344 | 670.50 | 673.24 | 674.60 | 678.03 | 679.09 | 679.90 680.04 | 680.62
Post Oak Creek | Reach 06 25,268 | 670.23 | 672.89 | 674.21 | 677.77 | 678.75 | 679.53 679.66 | 680.15
Post Oak Creek | Reach 06 25,083 | 669.78 | 672.33 | 673.60 | 677.49 | 678.44 | 679.25 679.39 | 679.94
Post Oak Creek | Reach 06 24,968 | 669.51 | 672.05 | 673.30 | 674.79 | 675.81 | 676.47 676.58 | 677.11
Post Oak Creek | Reach 06 24,768 | 669.09 | 671.62 | 672.88 | 674.41 | 675.44 | 676.15 676.28 | 676.88
Post Oak Creek | Reach 06 24,268 | 668.00 | 670.30 | 671.42 | 673.01 | 673.76 | 674.47 674.62 | 675.31
Post Oak Creek | Reach 06 | 23,768 | 666.97 | 669.63 | 670.97 | 672.90 | 673.77 | 674.56 674.72 | 675.42
Post Oak Creek | Reach 06 23,268 | 665.66 | 668.21 | 669.45 | 671.52 | 672.00 | 672.67 672.81 673.30
Post Oak Creek | Reach 06 22,786 | 664.93 | 667.56 | 668.84 | 671.20 | 671.62 | 672.21 672.35 | 672.80
Post Oak Creek | Reach 06 | 22,530 | 664.45 | 667.13 | 668.42 | 671.04 | 671.44 | 672.00 672.17 | 672.68 .
Post Oak Creek | Reach 06 22,421 | 664.12 | 666.60 | 667.76 | 669.10 | 670.03 | 670.83 671.05 | 671.62
Post Oak Creek | Reach 06 | 22,268 | 664.07 | 666.68 | 667.93 | 669.34 | 670.36 | 671.17 671.39 | 671.98
Post Oak Creek | Reach 06 21,768 | 663.74 | 666.53 | 667.83 | 669.29 | 670.34 | 671.18 671.39 | 672.06
Post Oak Creek | Reach 06 | 21,268 | 663.64 | 666.48 | 667.78 | 669.25 | 670.29 | 671.13 671.35 | 672.03
Post Oak Creek | Reach 07 20,268 | 663.06 | 665.86 | 667.12 | 668.60 | 669.63 | 670.47 670.68 | 671.28
Post Oak Creek | Reach 07 19,768 | 662.52 | 665.37 | 666.67 | 668.05 | 669.07 | 669.97 670.18 | 670.73
Post Oak Creek | Reach 07 19,268 | 661.88 | 664.59 | 665.97 | 667.49 | 668.50 | 669.45 669.66 | 670.12
Post Oak Creek | Reach 07 18,768 | 661.10 | 664.13 | 665.57 | 667.08 | 668.16 | 669.16 669.38 | 669.79
Post Oak Creek | Reach 07 18,229 | 658.71 | 661.94 | 663.29 | 664.41 | 665.24 | 666.01 666.08 | 667.49
Post Oak Creek | T2 10,641 | 735.57 | 736.47 | 736.94 | 737.44 | 737.85 | 738.24 738.24 | 738.85
Post Oak Creek | T2 10,470 | 732.99 | 734.27 | 734.93 | 735.57 | 736.11 | 736.62 736.62 | 737.36
Post Oak Creek | T2 10,321 | 732.65 | 733.82 | 734.43 | 735.01 | 735.51 735.98 735.98 | 736.66
Post Oak Creek | T2 10,141 | 730.84 | 731.84 | 732.34 | 732.83 | 733.24 | 733.65 733.65 | 734.22
Post Oak Creek | T2 9,641 | 723.48 | 724.41 | 724.89 | 725.34 | 725.73 | 726.10 726.10 | 726.64
Post Oak Creek | T2 9,109 | 719.27 | 720.13 | 720.58 | 721.02 | 721.39 | 721.76 721.76 | 722.22
Post Oak Creek | T2 8,641 | 714.82 | 715.77 | 716.27 | 716.76 | 717.18 | 717.58 717.58 | 718.14
Post Oak Creek | T2 8,141 | 711.68 | 712.66 | 713.17 | 713.65 | 714.04 | 714.44 714.44 | 714.96
Post Oak Creek | T2 7,641 | 709.62 | 710.40 | 710.80 | 711.19 | 71152 | 711.84 711.84 | 712.27
Post Oak Creek | T2 7,321 | 707.45 | 708.28 | 708.67 | 709.04 | 709.36 | 709.66 709.66 | 710.07
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: iver S.L.
Hiver Peach Sta. Ultimate

2-YR | 5-YR | 10-YR | 25-YR | 50-YR | 100-YR | 100-YR | 500-YR

Post Oak Creek | T2 7,141 | 705.36 | 705.99 | 706.27 | 706.55 | 706.78 | 707.01 707.01 707.38
Post Oak Creek | T2 6,796 | 701.73 | 702.61 | 703.08 | 703.55 | 703.98 | 704.40 704.40 | 704.99
Post Oak Creek | T2 6,058 | 695.23 | 696.06 | 696.45 | 696.83 | 697.13 | 697.41 697.41 697.88
Post Oak Creek | T2 5,624 | 692.82 | 693.68 | 694.11 | 694.51 | 694.86 695.18 695.18 | 695.66
Post Oak Creek | T2 5,141 | 689.01 | 689.93 | 690.31 | 690.69 | 691.02 691.33 691.33 | 691.81
Post Oak Creek | T2 4,650 | 685.48 | 686.36 | 686.80 | 687.24 | 687.62 687.99 687.99 | 688.52
Post Oak Creek | T2 4141 | 680.69 | 681.37 | 681.72 | 682.04 | 682.28 682.50 682.50 | 682.84
Post Oak Creek | T2 3,841 | 679.37 | 680.05 | 680.41 | 680.75 | 681.04 | 681.31 681.31 681.72
Post Oak Creek | T2 3,641 | 677.91 | 678.55 | 678.84 | 679.09 | 679.31 679.50 679.49 | 679.75
Post Oak Creek | T2 3,141 | 671.96 | 672.80 | 673.20 | 673.55 | 673.86 | 674.14 674.14 | 674.52
Post Oak Creek | T2 2,692 | 668.55 | 669.40 | 669.82 | 670.23 | 670.57 | 670.88 670.88 | 671.32
Post Qak Creek | T2 2,140 | 664.21 | 664.86 | 665.16 | 665.46 | 665.73 | 665.93 665.92 | 666.18
Post Oak Creek | T2 1,641 | 658.81 | 659.62 | 660.03 | 660.43 | 661.52 | 661.93 662.17 | 663.03
Post Oak Creek | T3 7,521 | 71403 | 714.48 | 714.78 | 715.09 | 715.33 | 715.58 715.58 | 715.90
Post Oak Creek | T3 6,971 | 709.30 | 710.01 | 710.35 | 710.65 | 71092 | 711.17 71117 | 711.56
Post Oak Creek | T3 6,429 | 705.07 | 706.14 | 706.58 | 706.99 | 707.31 707.64 70764 | 708.13
. Post Oak Creek | T3 5,910 | 701.33 | 702.19 | 702.63 | 703.01 | 703.45 703.78 703.78 | 704.24
Post Oak Creek | T3 5,471 | 698.67 | 699.72 | 700.20 | 700.63 | 700.65 | 700.89 700.89 | 701.21
Post Oak Creek | T3 4,909 | 694.00 | 694.90 | 695.31 | 695.63 | 696.35 | 696.53 696.53 | 696.79
Post Oak Creek | T3 4471 | 691.68 | 692.38 | 692.78 | 693.13 | 693.45 | 693.57 693.57 | 693.91
Post Oak Creek | T3 4,001 | 685.99 | 686.88 | 687.34 | 687.72 | 687.99 | 688.73 688.73 | 689.11
Post Oak Creek | T3 3,851 | 684.92 | 685.57 | 685.90 | 686.26 | 686.58 | 686.83 686.83 | 687.07
Post Oak Creek | T3 3,719 | 683.51 | 684.15 | 684.46 | 684.71 | 684.92 | 685.26 685.26 | 685.75
Post Oak Creek | T3 3,641 | 682.49 | 683.02 | 683.28 | 683.55 | 683.78 | 683.92 683.92 | 684.36
Post Oak Creek | T3 3,471 | 680.19 | 680.83 | 681.19 | 681.52 | 681.80 | 682.06 682.06 | 682.40
Post Oak Creek | T3 2,971 | 675.44 | 676.32 | 676.72 | 677.17 | 677.56 | 677.97 678.00 | 678.43
Post Oak Creek | T3 2,472 | 670.53 | 671.68 | 672.51 | 673.07 | 673.44 | 673.66 673.58 | 674.17
Post Oak Creek | T3 1,970 | 667.23 | 668.05 | 667.98 | 668.34 | 668.87 | 669.82 670.19 | 670.78
Post Oak Creek | T3 1,547 | 663.06 | 664.15 | 666.00 | 667.18 | 668.14 | 669.46 669.61 670.02
Post Oak Creek | Reach 08 17,933 | 658.20 | 661.54 | 663.03 | 664.39 | 665.40 | 666.05 666.33 | 667.48
Post Oak Creek | Reach 08 17,488 | 658.17 | 661.72 | 663.24 | 664.58 | 665.58 | 666.33 666.56 | 667.53
Post Oak Creek | Reach 08 16,988 | 657.21 | 660.66 | 662.02 | 663.30 | 664.27 | 665.18 665.47 | 666.67
Post Oak Creek | Reach 08 16,488 | 656.51 | 659.96 | 661.27 | 662.42 | 663.61 664.66 665.01 666.24
Post Oak Creek | Reach 08 15,988 | 654.15 | 657.00 | 658.60 | 660.13 | 661.28 | 661.24 661.29 | 662.00
Post Oak Creek | Reach 08 15,488 | 654.06 | 657.70 | 659.46 | 661.06 | 662.27 | 662.71 662.86 | 663.61
Post Oak Creek | Reach 08 14,988 | 653.58 | 657.13 | 658.86 | 660.59 | 661.93 | 662.32 662.47 | 663.22
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: 2-YR | 5-YR | 10-YR | 25-YR | 50-YR | 100-YR | 100-YR | 500-YR
Post Oak Creek | Reach 08 14,566 | 653.43 | 656.98 | 658.70 | 660.26 | 661.70 | 662.05 662.19 | 662.93
Post Oak Creek | Reach 09 14,112 | 653.35 | 657.03 | 658.78 | 660.41 | 661.79 | 662.15 662.28 | 663.02
Post Oak Creek | Reach 09 13,685 | 651.02 | 654.12 | 655.32 | 656.10 | 656.51 | 659.38 659.50 | 659.96
Post Oak Creek | Reach 09 13,294 | 651.22 | 654.63 | 656.02 | 657.15 | 657.96 | 658.76 659.32 | 660.03
Post Oak Creek | Reach 09 12,794 | 650.53 | 653.96 | 655.33 | 656.35 | 657.24 | 658.11 658.84 | 659.54
Post Oak Creek | Reach 09 12,425 | 649.61 | 652.81 | 653.95 | 654.68 | 655.42 | 656.27 657.73 | 658.32
Post Oak Creek | Reach 09 12,042 | 649.08 | 652.43 | 653.60 | 654.30 | 654.97 | 655.73 657.31 | 657.76
Post Oak Creek | Reach 09 11,835 | 648.77 | 652.11 | 653.21 | 653.76 | 654.24 | 654.79 654.92 | 655.52
Post Oak Creek | Reach 09 11,447 | 648.42 | 651.75 | 652.86 | 653.37 | 653.89 | 654.46 654.59 | 655.23
Post Oak Creek | Reach 09 10,793 | 647.68 | 650.98 | 652.32 | 652.78 | 653.30 | 653.89 653.98 | 654.63
Post Oak Creek | Reach 09 10,294 | 645.78 | 648.49 | 649.58 | 651.29 | 652.47 | 653.30 653.36 | 654.10
Post Oak Creek | Reach 09 9,794 | 644.98 | 647.65 | 648.35 | 648.90 | 649.31 | 650.37 651.01 | 652.07
Post Oak Creek | Reach 09 9,294 | 645.00 | 647.77 | 648.63 | 649.36 | 649.97 | 650.59 651.22 | 652.28
Post Oak Creek | Reach 09 8,794 | 645.00 | 647.79 | 648.65 | 649.37 | 649.96 | 650.59 651.18 | 652.19
Post Oak Creek | Reach 09 8,295 | 644.95 | 647.73 | 648.57 | 649.28 | 649.86 | 650.43 651.04 | 652.06
Post Oak Creek | Reach 09 7,794 | 644.64 | 647.35 | 648.00 | 648.67 | 649.24 | 649.80 650.59 | 651.70
Post Oak Creek | Reach 09 7,294 | 644,57 | 647.32 | 648.03 | 648.70 | 649.25 | 649.79 650.56 | 651.67 .
Post Oak Creek | Reach 09 6,794 | 644.45 | 647.20 | 647.89 | 648.54 | 649.08 | 649.61 650.43 | 651.54
Post Oak Creek | Reach 09 6,294 | 643.55 | 646.00 | 646.93 | 647.86 | 648.46 | 649.09 650.14 | 651.33
Post Oak Creek | T1 2,618 | 672.98 | 673.90 | 674.32 | 674.70 | 675.02 | 675.31 675.40 | 675.71
Post Oak Creek | T1 2,119 | 662.90 | 663.79 | 664.28 | 664.74 | 665.15 | 665.52 665.64 | 666.03
Post Oak Creek | T1 1,618 | 652.87 | 653.98 | 654.51 | 655.00 | 655.42 | 655.80 655.93 | 656.34
Post Oak Creek | T1 1,414 | 650.18 | 651.28 | 651.78 | 652.22 | 652.62 | 652.98 653.09 | 653.52
Post Oak Creek | T1 1,154 | 645.67 | 646.22 | 646.53 | 647.49 | 648.17 | 648.87 650.04 | 651.28
Post Oak Creek | T1 618 | 643.14 | 645.74 | 646.80 | 647.78 | 648.40 | 649.04 650.13 | 651.34
Post Oak Creek | T1 213 | 643.14 | 645.74 | 646.80 | 647.78 | 648.40 | 649.05 650.13 | 651.34
Post Oak Creek | Reach 10 5,610 | 642.07 | 644.88 | 646.29 | 647.46 | 648.12 | 648.82 650.00 | 651.25
Post Oak Creek | Reach 10 5,110 | 640.90 | 643.64 | 645.07 | 646.35 | 647.27 | 648.09 649.69 | 651.04
Post Oak Creek | Reach 10 4,610 | 639.67 | 642.18 | 643.55 | 644.75 | 645.59 | 646.34 649.50 | 650.90
Post Oak Creek | Reach 10 4,111 | 638.47 | 641.08 | 642.46 | 643.73 | 644.50 | 645.58 649.39 | 650.82
Post Oak Creek | Reach 11 4,011 | 638.34 | 641.08 | 642.51 | 643.81 | 644.68 | 645.77 649.38 | 650.79
Post Oak Creek | Reach 11 3,892 | 637.99 | 640.75 | 642.29 | 643.56 | 644.38 | 645.54 649.34 | 650.75
Post Oak Creek | Reach 12 3,710 | 637.71 | 640.84 | 642.43 | 643.75 | 644.63 | 645.71 649.37 | 650.78
Post Oak Creek | Reach 12 3,110 | 636.56 | 639.58 | 641.02 | 642.05 | 642.67 | 643.69 648.49 | 649.78
Post Oak Creek | Reach 12 2,874 | 636.41 | 639.34 | 640.67 | 641.49 | 642.05 | 642.64 642.83 | 643.47
Post Oak Creek | Reach 12 2,610 | 635.98 | 639.11 | 640.52 | 641.35 | 641.79 | 642.36 642.56 | 643.18
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2-YR | 5-YR | 10-YR | 25-YR | 50-YR | 100-YR | 100-YR | 500-YR
Post Oak Creek | Reach 12 2,111 | 635.64 | 638.88 | 640.22 | 641.04 | 641.42 | 641.90 642.07 | 642.70
Post Oak Creek | Reach 12 1,610 | 635.13 | 638.38 | 639.71 | 640.49 | 640.77 | 641.18 641.33 | 641.91
Post Oak Creek | Reach 12 1,110 | 832.87 | 635.66 | 636.88 | 637.65 | 638.64 | 639.05 639.15 | 639.47
Sand Creek M [ 5,048 | 788.87 | 789.69 | 790.16 | 790.54 | 790.86 | 791.16 791.31 | 791.59
Sand Creek T1 4,585 | 786.30 | 787.34 | 787.82 | 788.26 | 788.58 | 788.87 789.03 | 789.30
Sand Creek el 3,996 | 781.64 | 782.97 | 783.51 | 784.04 | 784.43 | 784.79 78498 | 785.34
Sand Creek T 3,585 | 773.11 | 77412 | 774.68 | 775.22 | 775.66 | 776.05 776.25 | 776.61
Sand Creek it 3,085 | 762.42 | 763.83 | 764.52 | 765.20 | 765.81 | 766.39 766.70 | 767.29
Sand Creek T 2,839 | 759.56 | 761.38 | 762.36 | 763.32 | 764.11 | 764.83 765.20 | 765.89
Sand Creek T1 2,585 | 758.71 | 760.66 | 761.66 | 762.64 | 763.43 | 764.14 764.52 | 765.19
Sand Creek T1 2,085 | 757.17 | 759.07 | 760.04 | 761.00 | 761.74 | 762.38 762.71 763.32
Sand Creek T 1,585 | 754.60 | 756.39 | 757.27 | 758.10 | 758.78 | 759.39 759.72 | 760.33
Sand Creek T1 1,085 | 752.02 | 753.75 | 754.61 | 755.43 | 756.15 | 756.83 757.22 | 757.96
Sand Creek T1 849 | 750.99 | 752.52 | 753.29 | 754.02 | 754.70 | 755.37 755.77 | 756.56
Sand Creek i 585 | 749.99 | 751.07 | 751.62 | 752.13 | 752.86 | 753.62 754.14 | 755.12
Sand Creek T1 285 | 749.53 | 750.41 | 750.88 | 751.28 | 752.22 | 753.12 753.74 | 754.84
Sand Creek Reach 01 40,684 | 794.03 | 794.93 | 799.08 | 801.41 | 801.62 | 801.75 801.83 | 801.94
Sand Creek Reach 01 40,583 | 791.83 | 795.22 | 799.09 | 801.41 | 801.62 | 801.75 801.83 | 801.94
Sand Creek Reach 01 40,361 | 789.32 | 790.31 | 790.78 | 791.25 | 791.62 | 791.94 79213 | 792.48
Sand Creek Reach 01 40,110 | 785.87 | 786.60 | 787.00 | 787.40 | 787.72 | 788.01 788.16 | 788.47
Sand Creek Reach 01 39,942 | 774.53 | 775.50 | 776.02 | 776.58 | 777.06 | 777.48 777.73 | 778.19
Sand Creek Reach 01 39,442 | 77113 | 772.37 | 772.95 | 773.52 | 773.95 | 774.32 77454 | 774.94
Sand Creek Reach 01 38,942 | 768.48 | 769.72 | 770.27 | 770.81 | 771.26 | 771.66 771.88 | 772.31
Sand Creek Reach 01 38,442 | 762.90 | 764.00 | 764.58 | 765.14 | 765.52 | 765.87 766.08 | 766.47
Sand Creek Reach 01 38,184 | 761.40 | 762.64 | 763.26 | 763.88 | 764.35 | 764.75 764.99 | 765.44
Sand Creek Reach 01 37,942 | 760.45 | 761.62 | 762.22 | 762.82 | 763.31 | 763.74 764.00 | 764.48
Sand Creek Reach 01 37.620 | 758.19 | 759.44 | 760.03 | 760.61 | 761.07 | 761.49 761.74 | 762.21
Sand Creek Reach 01 37,442 | 757.46 | 758.68 | 759.33 | 759.99 | 760.54 | 761.02 761.30 | 761.84
Sand Creek Reach 01 37,240 | 756.78 | 757.96 | 758.59 | 759.23 | 759.75 | 760.21 760.48 | 760.99
Sand Creek Reach 01 36,942 | 753.17 | 754.18 | 754.67 | 755.19 | 755.61 755.96 756.16 | 756.55
Sand Creek Reach 01 36,814 | 752.00 | 753.16 | 753.78 | 754.41 | 754.99 | 755.53 755.90 | 756.65
Sand Creek Reach 01 36,442 | 751.27 | 752.45 | 753.08 | 753.72 | 754.38 | 755.01 755.44 | 756.27
Sand Creek Reach 01 35,942 | 750.09 | 751.31 | 751.96 | 752.60 | 753.42 | 754.20 754.72 | 755.68
Sand Creek Reach 01 35,442 | 749.54 | 750.43 | 750.91 | 751.36 | 752.31 753.23 753.84 | 754.94
Sand Creek Reach 02 | 34,507 | 749.40 | 750.05 | 750.34 | 750.48 | 751.39 | 752.28 752.93 | 754.06
Sand Creek Reach 02 34,007 | 749.41 | 750.09 | 750.42 | 750.61 | 751.57 | 752.50 753.16 | 754.31
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Sand Creek Reach 02 | 33,508 | 749.39 | 750.07 | 750.38 | 750.56 | 751.52 | 752.45 | 75311 | 754.26
Sand Creek Reach 02 | 32,803 | 749.39 | 750.05 | 750.36 | 750.53 | 751.47 | 752.39 | 753.05| 754.19
Sand Creek Reach 02 | 32,647 | 749.37 | 750.01 | 750.30 | 750.46 | 751.34 | 752.20 | 752.77 | 753.75
Sand Creek Reach 02 | 32,477 | 749.37 | 750.02 | 750.31 | 750.47 | 751.37 | 752.27 | 752.86 | 753.87
Sand Creek Reach 02 | 32,071 | 749.37 | 750.01 | 750.30 | 750.46 | 751.34 | 752.22 | 752.80 | 753.78
Sand Creek Reach 02 | 31,507 | 749.36 | 749.98 | 750.26 | 750.41 | 751.25 | 752.08 | 75262 | 753.56
Sand Creek Reach 02 | 31,007 | 749.35 | 749.96 | 750.24 | 750.39 | 751.20 | 752.01 | 75253 | 753.42
Sand Creek Reach 02 | 30,631 | 749.35 | 749.96 | 750.24 | 750.39 | 75120 | 752.00 | 75253 | 753.42
Sand Creek Reach 02 | 30,507 | 749.35 | 749.96 | 750.24 | 750.39 | 751.20 | 751.99 | 752.51 | 753.40
Sand Creek Reach 02 | 30,007 | 749.35 | 749.96 | 750.23 | 750.38 | 751.19 | 751.97 | 752.49 | 753.36
Sand Creek Reach 03 | 29,507 | 749.35 | 749.96 | 750.23 | 750.38 | 751.19 | 75197 | 75249 | 753.36
Sand Creek Reach 03 | 29,007 | 749.35 | 749.96 | 750.23 | 750.38 | 751.18 | 751.97 | 752.49 | 753.36
Sand Creek Reach 03 | 28,506 | 749.35 | 749.96 | 750.23 | 750.38 | 751.19 | 751.97 | 752.49 | 753.36
Sand Creek Reach 03 | 28,007 | 749.35 | 749.96 | 750.23 | 750.38 | 751.18 | 751.97 | 752.48 | 753.36
Sand Creek Reach 03 | 27,507 | 749.35 | 749.96 | 750.23 | 750.38 | 751.18 | 751.97 | 752.48 | 753.35
Sand Creek Reach 03 | 27,007 | 749.35 | 749.96 | 750.23 | 750.38 | 751.18 | 75197 | 752.48 | 753.35
Sand Creek Reach 03 | 26,507 | 749.35 | 749.96 | 750.23 | 750.38 | 751.18 | 751.97 | 752.48 | 753.35 .
Sand Creek Reach 03 | 26,321 | 749.35 | 749.96 | 750.23 | 750.38 | 751.18 | 751.97 | 752.48 | 753.35
Sand Creek Reach 03 | 25,855 | 749.35 | 749.96 | 750.23 | 750.38 | 751.18 | 751.97 | 752.48 | 753.35
Sand Creek Reach 03 | 25,631 | 749.35 | 749.96 | 750.23 | 750.38 | 751.18 | 751.97 | 752.48 | 753.35
Sand Creek Reach 03 | 25,481 | 748.90 | 749.31 | 749.50 | 749.60 | 750.14 | 750.68 | 751.03 | 751.63
Sand Creek Reach 03 | 25,311 | 712.73 | 713.62 | 714.54 | 715.39 | 716.19 | 716.97 | 717.30 | 718.29
Sand Creek Reach 03 | 25,007 | 712.17 | 713.35 | 714.40 | 715.30 | 716.13 | 716.92 | 717.25| 718.26
Sand Creek Reach 03 | 24,507 | 711.32 | 713.04 | 714.25 | 715.22 | 716.08 | 716.88 | 717.22 | 718.24
Sand Creek Reach 03 | 24,007 | 710.46 | 712.85 | 714.17 | 715.17 | 716.04 | 716.86 | 717.20 | 718.22
Sand Creek Reach 03 | 23,507 | 709.89 | 712.75 | 714.11 | 715.14 | 716.02 | 716.84 | 717.19| 718.21
Sand Creek Reach 03 | 23,007 | 709.56 | 712.68 | 714.08 | 715.12 | 716.00 | 71683 | 717.18| 718.20
Sand Creek Reach 03 | 22,845 | 709.52 | 712.67 | 714.07 | 715.11 | 716.00 | 71683 | 717.17 | 718.20
Sand Creek Reach 03 | 22,508 | 709.46 | 712.66 | 714.06 | 715.11 | 716.00 | 716.82 | 717.17 | 718.20
Sand Creek Reach 04 | 21,893 | 708.75 | 711.87 | 713.20 | 714.18 | 715.01 | 715.78 | 716.10 | 717.08
Sand Creek Reach 04 | 21,508 | 707.75 | 710.73 | 712.06 | 713.11 | 714.01 | 714.84 | 715.19| 716.21
Sand Creek Reach 04 | 21,007 | 704.90 | 707.56 | 708.71 | 709.79 | 710.79 | 711.71 | 712.09 | 713.20
Sand Creek Reach 04 | 20,941 | 705.03 | 708.00 | 709.30 | 710.44 | 711.46 | 712.38 | 712.78 | 713.89
Sand Creek Reach 04 | 20,677 | 704.58 | 707.55 | 708.81 | 709.92 | 710.93 | 711.84 | 71222 | 713.32
Sand Creek Reach 04 | 20,507 | 704.01 | 706.95 | 708.19 | 709.29 | 710.31 | 711.23 | 711.62| 712.72
Sand Creek Reach 04 | 20,334 | 703.99 | 707.08 | 708.38 | 709.52 | 710.56 | 711.49 | 711.89 | 713.01

Page 57 of 147



®

Post Oak Creek Flood Protection Plan

September 27, 2013

Final Report
Water S%{ﬂfagi E):'Ievation
. River S.L.
River Reach Sta. Ultimate

2-YR | 5-YR | 10-YR | 25-YR | 50-YR | 100-YR | 100-YR | 500-YR

Sand Creek Reach 04 | 20,007 | 703.37 | 706.13 | 707.33 | 708.43 | 709.46 | 710.44 710.86 | 712.05
Eand Creek Reach 04 19,507 | 703.19 | 706.08 | 707.29 | 708.39 | 709.41 | 710.35 710.74 | 711.88
Sand Creek Reach 04 19,419 | 703.08 | 705.98 | 707.19 | 708.30 | 709.32 | 710.27 710.67 | 711.81
Sand Creek Reach 04 19,007 | 702.49 | 705.40 | 706.65 | 707.81 | 708.86 | 709.83 710.23 | 711.41
Sand Creek Reach 04 18,684 | 702.26 | 705.08 | 706.27 | 707.37 | 708.39 | 709.33 709.71 710.76
Sand Creek Reach 04 18,611 | 702.20 | 704.98 | 706.12 | 707.18 | 708.16 | 709.05 709.42 | 710.48
Sand Creek Reach 04 18,416 | 701.74 | 704.27 | 705.25 | 706.18 | 707.06 | 707.86 708.19 | 709.17
Sand Creek Reach 04 18,307 | 701.20 | 703.93 | 705.15 | 706.24 | 707.25 | 708.14 708.51 | 709.59
Sand Creek Reach 04 18,007 | 700.74 | 703.45 | 704.56 | 705.55 | 706.47 | 707.31 707.66 | 708.68
Sand Creek Reach 04 17,507 | 699.30 | 702.31 | 703.56 | 704.72 | 705.78 | 706.70 707.09 | 708.22
Sand Creek Reach 04 17,007 | 698.43 | 701.47 | 702.86 | 704.17 | 705.32 | 706.30 706.70 | 707.88
Sand Creek Reach 04 16,506 | 698.08 | 701.09 | 702.44 | 703.70 | 704.78 | 705.73 706.09 | 707.30
Sand Creek Reach 04 16,007 | 697.73 | 700.88 | 702.28 | 703.60 | 704.70 | 705.70 706.09 | 707.33
Sand Creek Reach 04 15,882 | 697.41 | 700.69 | 702.12 | 703.44 | 704.52 705.51 70590 | 707.13
Sand Creek Reach 04 15,658 | 696.54 | 699.56 | 700.85 | 702.02 | 702.97 | 703.85 704.18 | 705.26
Sand Creek Reach 04 15,481 | 695.44 | 698.28 | 699.37 | 700.29 | 700.99 | 701.59 701.80 | 702.46
Sand Creek Reach 04 15,210 | 694.54 | 697.36 | 698.47 | 699.44 | 700.21 700.91 701.15 | 701.99
Sand Creek Reach 04 15,007 | 693.86 | 696.52 | 697.59 | 698.53 | 699.29 | 699.99 700.23 | 701.13
Sand Creek Reach 04 14,507 | 692.81 | 695.93 | 697.11 | 698.10 | 698.87 | 699.58 699.81 | 700.70
Sand Creek Reach 04 14,007 | 691.51 | 694.52 | 695.65 | 696.63 | 697.39 | 698.12 698.33 | 699.32
Sand Creek Reach 04 13,507 | 690.40 | 693.90 | 695.22 | 696.28 | 697.08 | 697.84 698.01 | 699.08
Sand Creek Reach 04 13,007 | 689.84 | 693.70 | 695.02 | 696.09 | 696.89 | 697.65 697.82 | 698.84
Sand Creek Reach 04 12,507 | 688.34 | 692.54 | 693.76 | 694.65 | 695.28 | 695.91 695.92 | 696.99
Sand Creek T2 3,301 | 775.57 | 775.95 | 776.17 | 776.37 | 776.57 | 776.75 77675 | F77.02
Sand Creek T2 2,462 | 748.35 | 749.13 | 750.31 | 750.69 | 750.93 | 751.11 75101 | 751.32
Sand Creek T2 2,367 | 747.58 | 749.15 | 750.31 | 750.70 | 750.94 | 751.12 751,02 751.33
Sand Creek T2 2,312 | 747.60 | 749.16 | 750.32 | 750.70 | 750.94 | 751.12 75112 | 751.34
Sand Creek T2 2,130 | 747.60 | 749.16 | 750.32 | 750.70 | 750.94 | 751.12 75112 | 751.34
Sand Creek T2 1,942 | 734.28 | 734.40 | 734.46 | 734.53 | 734.58 | 734.64 734.64 | 73472
Sand Creek T2 1,792 | 732.85 | 733.06 | 733.17 | 733.27 | 733.36 | 733.45 733.45 | 733.56
Sand Creek T2 1,501 | 732.68 | 732.85 | 732.94 | 733.03 | 733.10 | 733.18 733.18 | 733.27
Sand Creek T2 1,230 | 732.13 | 732.18 | 732.21 | 732.24 | 732.26 732.29 732.29 732.32
Sand Creek T2 1,001 | 709.66 | 711.10 | 712.03 | 712,99 | 713.92 | 714.23 71423 | 71450
Sand Creek T2 931 | 709.47 | 711.05 | 712.00 | 712.97 | 713.91 | 714.21 714.21 | 714.48
Sand Creek T2 842 | 702.32 | 703.22 | 703.47 | 703.71 | 703.90 | 704.09 704.09 | 704.33
Sand Creek T2 725 | 699.79 | 699.69 | 699.87 | 700.03 | 700.17 | 700.30 700.30 | 700.48
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| 2YR | 5-YR | 10-YR | 25-YR 50—\_1& . 100-YR | 100-YR | 500-YR
Sand Creek T2 273 | 688.53 | 693.29 | 694.59 | 695.63 | 696.40 | 697.13 697.27 | 698.28
Sand Creek Reach 05 12,007 | 688.04 | 692.46 | 693.75 | 694.66 | 695.32 | 695.97 695.99 | 697.10
Sand Creek Reach 05 11,507 | 687.25 | 691.85 | 693.31 | 694.31 | 695.02 | 695.73 695.72 | 696.91
Sand Creek Reach 05 11,007 | 685.92 | 690.17 | 692.05 | 693.26 | 694.01 | 694.79 694.79 | 696.08
Sand Creek Reach 05 10,507 | 684.25 | 688.17 | 690.21 | 691.54 | 692.73 | 693.95 693.95 | 695.50
Sand Creek Reach 05 10,007 | 682.29 | 685.45 | 687.38 | 687.67 | 687.94 | 687.23 687.23 | 690.15
Sand Creek Reach 05 9,648 | 681.94 | 685.54 | 687.62 | 688.09 | 688.69 | 688.40 688.40 | 688.76
Sand Creek Reach 05 9,472 | 681.95 | 685.63 | 687.71 | 688.21 | 688.84 | 688.61 688.61 | 689.05
Sand Creek Reach 05 9,364 | 681.27 | 684.96 | 687.17 | 687.46 | 687.88 | 686.98 686.98 | 687.28
Sand Creek Reach 05 9,274 | 681.30 | 685.05 | 687.27 | 687.61 | 688.40 | 687.28 687.28 | 688.49
Sand Creek Reach 05 9,120 | 680.81 | 684.12 | 685.57 | 686.39 | 686.43 | 686.95 686.95 | 687.74
Sand Creek Reach 05 8,934 | 680.10 | 683.58 | 685.13 | 685.76 | 686.10 | 686.73 686.73 | 687.58
Sand Greek Reach 05 8,507 | 678.95 | 682.20 | 683.60 | 685.18 | 684.93 | 685.72 685.72 | 686.16
Sand Creek Reach 05 8,007 | 678.36 | 681.70 | 683.18 | 684.47 | 683.71 | 684.24 684.24 | 686.12
Sand Creek Reach 05 7,507 | 677.46 | 680.53 | 681.86 | 683.09 | 684.02 | 684.70 684.69 | 686.10
Sand Creek Reach 05 7,007 | 675.77 | 678.26 | 679.29 | 680.15 | 680.68 | 680.84 681.07 | 681.60
Sand Creek Reach 06 6,507 | 675.38 | 678.14 | 679.25 | 680.21 | 680.69 | 681.04 681.08 | 682.26 .
Sand Creek Reach 06 6,007 | 674.37 | 677.68 | 678.99 | 680.05 | 680.96 | 681.47 681.56 | 682.14
Sand Creek Reach 06 5,507 | 672.66 | 676.12 | 677.50 | 678.59 | 679.72 | 680.21 680.39 | 681.24
Sand Creek Reach 06 5,007 | 671.71 | 674.98 | 676.32 | 677.27 | 678.01 | 678.33 678.39 | 678.96
Sand Creek Reach 06 4,007 | 667.64 | 670.75 | 672.11 | 673.43 | 674.83 | 675.54 675.83 | 676.94
Sand Creek Reach 06 3,507 | 666.17 | 669.03 | 670.36 | 671.60 | 673.47 | 674.00 674.28 | 675.37
Sand Creek Reach 06 3,007 | 665.41 | 668.29 | 669.79 | 671.29 | 673.41 | 673.94 674.13 | 675.18
Sand Creek Reach 06 2,939 | 662.97 | 665.16 | 666.24 | 667.26 | 668.15 | 668.87 669.10 | 670.30
Sand Creek Reach 06 2,718 | 663.55 | 666.33 | 667.64 | 669.12 | 670.16 | 671.01 671.23 | 671.89
Sand Creek Reach 06 2,507 | 663.44 | 666.34 | 667.66 | 669.15 | 670.21 | 671.06 671.28 | 671.96
Sand Creek Reach 06 2,007 | 663.46 | 666.36 | 667.69 | 669.18 | 670.25 | 671.10 671.32 | 672.01
Sand Creek Reach 06 1,507 | 663.44 | 666.35 | 667.68 | 669.18 | 670.24 | 671.09 671.32 | 672.00
Sand Creek Reach 06 1,007 | 663.43 | 666.34 | 667.66 | 669.16 | 670.22 | 671.07 671.29 | 671.97
Stream A Reach 01 9,500 | 745.98 | 746.77 | 74717 | 747.63 | 747.96 | 748.24 748.24 | 748.62
Stream A Reach 01 9,000 | 74425 | 744,78 | 745.05 | 745.13 | 745.31 | 745.56 74556 | 745.99
Stream A Reach 01 8,794 | 742.82 | 743.12 | 743.28 | 743.85 | 744.45 | 744.90 74490 | 745.54
Stream A Reach 01 8,498 | 737.96 | 741.25 | 743.08 | 744.02 | 744.55 | 744.96 74496 | 745.58
Stream A Reach 01 8,000 | 737.94 | 741.24 | 743.07 | 744.01 | 744.54 | 74495 74495 | 745.57
Stream A Reach 01 7,497 | 737.94 | 741.24 | 743.07 | 744.01 | 74453 | 744.95 74495 | 745.57
Stream A Reach 01 7,001 | 737.94 | 741.24 | 743.07 | 744.01 | 744.54 | 744.95 74495 | 745.57
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2-YR | 5-YR | 10-YR | 25-YR | 50-YR | 100-YR | 100-YR | 500-YR
Stream A Reach 01 6,500 | 737.94 | 741.24 | 743.07 | 744.01 | 74453 | 744.95 74495 | 74557
Stream A Reach 01 5,952 | 737.94 | 741.24 | 743.07 | 744.01 | 744.53 | 744.95 74495 | 74557
Stream A Reach 01 5,500 | 697.97 | 698.03 | 698.06 | 698.10 | 698.13 | 698.15 698.15 | 699.87
Stream A Reach 01 4,841 | 692.29 | 692.35 | 692.39 | 692.43 | 692.46 | 692.50 692.50 | 696.75
Stream A Reach 01 4734 | 692.25 | 692.31 | 692.34 | 692.38 | 692.41 | 692.45 692.45 | 696.72
Stream A Reach 01 4,631 | 689.85 | 689.91 | 689.95 | 689.98 | 690.02 | 690.05 690.05 | 693.71
Stream A Reach 01 4,408 | 689.12 | 689.19 | 689.23 | 689.27 | 689.30 | 689.35 689.35 | 693.13
Stream A Reach 01 4,000 | 687.19 | 687.21 | 687.23 | 687.26 | 687.32 | 687.24 687.17 | 688.23
Stream A Reach 01 3,434 | 684.50 | 684.53 | 684.54 | 684.54 | 684.54 | 684.58 684.60 | 686.30
Stream A Reach 01 3,000 | 682.23 | 682.27 | 682.31 | 682.56 | 683.06 | 683.51 683.66 | 685.22
Stream A Reach 01 2,500 | 679.91 | 680.19 | 681.01 | 682.00 | 682.81 | 683.36 683.51 | 684.11
Stream A Reach 01 2,000 | 677.54 | 679.65 | 680.84 | 681.93 | 682.78 | 683.34 683.49 | 683.80
Stream A Reach 01 1,560 | 677.07 | 679.60 | 680.82 | 681.92 | 682.77 | 683.34 683.48 | 683.71
Stream A Reach 01 1,460 | 676.88 | 679.55 | 680.78 | 681.90 | 682.75 | 683.31 683.46 | 683.14
Stream A Reach 01 1,000 | 676.79 | 679.54 | 680.78 | 681.89 | 682.75 | 683.31 683.46 | 683.10
Stream A Reach 01 806 | 676.79 | 679.54 | 680.78 | 681.89 | 682.75 | 683.31 683.46 | 683.09
Stream A Reach 01 500 | 676.77 | 679.53 | 680.78 | 681.89 | 682.74 | 683.31 683.46 | 683.08
Stream B Reach 01 19,246 | 819.94 | 821.03 | 821.48 | 821.90 | 822.31 | 822.63 822.80 | 823.07
Stream B Reach 01 18,500 | 814.88 | 816.01 | 816.56 | 817.05 | 817.51 | 817.86 818.01 | 818.31
Stream B Reach 01 18,000 | 812.13 | 813.08 | 813.50 | 813.88 | 814.27 | 814.52 814.63 | 814.87
Stream B Reach 01 17,500 | 807.77 | 808.46 | 808.87 | 809.24 | 809.58 | 809.90 810.05 | 810.38
Stream B Reach 01 17,076 | 805.34 | 806.09 | 806.51 | 806.95 | 807.33 | 807.70 807.87 | 808.23
Stream B Reach 01 16,500 | 802.46 | 803.43 | 803.92 | 804.39 | 804.80 | 805.20 805.38 | 805.75
Stream B Reach 01 16,000 | 801.42 | 802.52 | 803.00 | 803.42 | 803.81 | 804.16 804.33 | 804.65
Stream B Reach 01 15,499 | 798.84 | 800.58 | 800.90 | 801.25 | 801.48 | 801.74 801.84 | 802.22
Stream B Reach 01 15,000 | 796.12 | 797.18 | 797.67 | 798.12 | 798.50 | 798.91 799.06 | 799.36
Stream B Reach 01 14,500 | 793.83 | 794.80 | 795.22 | 795.58 | 795.88 | 796.22 796.33 | 796.58
Stream B Reach 01 14,000 | 790.71 | 791.23 | 791.51 | 791.80 | 792.05 | 792.29 792.40 | 792.63
Stream B Reach 01 13,500 | 788.43 | 789.15 | 789.52 | 789.87 | 790.17 | 790.47 790.60 | 790.90
Stream B Reach 01 13,000 | 785.12 | 785.89 | 786.28 | 786.64 | 786.96 | 787.18 787.27 | 787.44
Stream B Reach 01 12,500 | 781.88 | 782.96 | 783.49 | 783.87 | 784.22 | 784.55 784.72 | 785.08
Stream B Reach 01 12,049 | 778.07 | 779.50 | 780.19 | 780.58 | 780.88 781.13 781.23 | 781.44
Stream B Reach 01 11,500 | 774.65 | 776.28 | 777.08 | 777.69 | 778.16 | 778.56 778.72 | 779.00
Stream B Reach 01 10,864 | 770.49 | 771.67 | 772.31 | 772.92 | 773.48 | 773.92 77415 [ 774.60
Stream B Reach 01 10,500 | 768.93 | 770.41 | 77117 | 771.78 | 772.35 | 772.57 277 || 77305
Stream B Reach 01 10,000 | 764.39 | 765.73 | 766.59 | 767.48 | 767.98 | 769.00 769.11 | 769.42
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. Water Su;ﬂfasci I)Elevation
. - | River S.L.
River Reach Sta. ! i ( . T TUhimate |

2-YR | 5-YR | 10-YR | 25-YR | 50-YR | 100-YR | 100-YR | 500-YR
Stream B Reach 01 9,539 | 763.93 | 765.43 | 766.07 | 766.69 | 767.15 | 767.60 767.79 | 768.21
Stream B Reach 01 9,000 | 762.99 | 764.29 | 764.89 | 765.55 | 765.97 | 766.37 766.54 | 766.90
Stream B Reach 01 8,500 | 761.70 | 763.00 | 763.58 | 764.19 | 764.64 | 765.03 765.20 | 765.58
Stream B Reach 01 8,000 | 760.21 | 761.57 | 762.12 | 762.64 | 763.13 | 763.50 763.66 | 764.01
Stream B Reach 01 7,500 | 757.44 | 759.05 | 759.54 | 759.83 | 760.03 | 760.20 760.29 | 760.46
Stream B Reach 01 7,000 | 753.94 | 755.67 | 756.45 | 757.08 | 757.45 | 757.73 757.85 | 758.09
Stream B Reach 01 6,500 | 752.89 | 754.34 | 754.99 | 755.59 | 756.01 756.38 756.49 | 756.73
Stream B Reach 01 6,000 | 751.89 | 753.21 | 753.80 | 754.35 | 754.76 | 755.16 755.29 | 755.56
Stream B Reach 01 5,500 | 748.66 | 749.87 | 750.38 | 750.85 | 751.26 | 751.64 751.82 | 752.16
Stream B Reach 01 5,000 | 74243 | 74426 | 745.14 | 745.88 | 746.59 | 747.13 747.36 | 747.84
Stream B Reach 01 4,472 | 739.59 | 741.22 | 742.09 | 742.93 | 744.07 | 744.40 74460 | 745.13
Stream B Reach 01 4,359 | 738.65 | 740.63 | 741.65 | 742.56 | 743.83 | 744.11 74429 | 744.80
Stream B Reach 01 4253 | 736.26 | 738.64 | 739.75 | 740.50 | 740.89 | 741.17 74125 | 742.41
Stream B Reach 01 4,084 | 735.76 | 738.21 | 739.21 | 739.98 | 740.51 740.96 74117 | 741.64
Stream B Reach 01 3,500 | 732.85 | 734.45 | 73513 | 735.77 | 736.43 | 737.04 737.35 | 738.00
Stream B Reach 01 3,000 | 721.65 | 724.68 | 726.01 | 727.21 | 728.20 | 729.10 729.53 | 730.51
Stream B Reach 01 2,611 | 721.28 | 724.08 | 72543 | 726.64 | 727.66 | 728.57 729.03 | 730.02 .
Stream B Reach 01 2,500 | 720.59 | 723.24 | 724.49 | 725.61 | 726.51 727.30 727.68 | 728.52
Stream B Reach 01 2,357 | 719.63 | 722.09 | 723.25 | 724.32 | 725.08 | 725.71 726.01 726.65
Stream B Reach 01 2,000 | 717.55 | 720.01 | 721.11 | 722.09 | 722.92 | 723.66 724.02 | 724.80
Stream B Reach 01 1,500 | 714.92 | 717.33 | 718.42 | 719.37 | 720.23 | 721.01 721.41 722.27
Stream B Reach 01 1,000 | 712.80 | 715.34 | 716.57 | 717.60 | 718.51 719.35 719.76 | 720.65
Stream B Reach 01 500 | 709.52 | 712.54 | 713.87 | 714.83 | 715.65 | 716.41 716.70 | 717.72
Stream C Reach 01 7,000 | 785.60 | 786.54 | 786.97 | 787.40 | 787.71 788.01 788.15 | 788.40
Stream C Reach 01 6,500 | 782.18 | 783.10 | 783.57 | 784.05 | 784.42 | 784.77 784.95 | 785.27
Stream C Reach 01 6,060 | 780.03 | 781.00 | 781.51 | 782.00 | 782.38 | 782.72 782.90 | 783.22
Stream C Reach 01 5,500 | 776.40 | 777.51 | 778.07 | 778.57 | 778.97 | 779.32 779.52 | 779.85
Stream C Reach 01 5,003 | 772.86 | 773.66 | 774.06 | 774.44 | 774.76 775.05 775.20 775.45
Stream C Reach 01 4,497 | 768.73 | 769.15 | 769.37 | 769.57 | 769.76 | 769.94 770.05 | 770.24
Stream C Reach 01 4,000 | 759.31 | 760.30 | 760.89 | 761.53 | 762.11 762.69 762.99 | 763.51
Stream C Reach 01 3,500 | 753.87 | 755.70 | 756.67 | 757.43 | 758.06 | 758.43 758.58 | 758.93
Stream C Reach 01 3,000 | 749.21 | 749.62 | 749.74 | 750.31 | 750.81 751.82 752.46 | 753.47
Stream C Reach 01 2,553 | 749.37 | 750.00 | 750.30 | 750.47 | 751.29 | 752.09 752.61 753.49
Stream C Reach 01 2,000 | 749.36 | 749.98 | 750.27 | 750.43 | 751.25 | 752.05 752.57 | 753.46
Stream C Reach 01 1,455 | 749.36 | 749.97 | 750.25 | 750.40 | 751.21 752.01 752.53 | 753.42
Stream C Reach 01 1,000 | 749.35 | 749.96 | 750.24 | 750.39 | 751.20 | 752.00 752.52 | 753.41
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Water Surface I)Elevaiion
: River M.S.L.
River Reach Sta. ( Uiiaaie

2-YR | 5-YR | 10-YR | 25-YR | 50-YR | 100-YR | 100-YR | 500-YR

Stream C Reach 01 500 | 749.35 | 749.96 | 750.23 | 750.38 | 751.19 | 751.99 ¥52.51 1 753.39
Stream E Reach 01 8,000 | 777.40 | 778.50 | 778.90 | 779.24 | 779.52 | 779.78 779.88 | 780.16
Stream E Reach 01 7500 770.57 | 771.35 | 771.73 | #7211 | 77248 | 772.78 77288 | 773.16
Stream E Reach 01 7,066 | 767.05 | 767.77 | 768.10 | 768.42 | 768.70 | 768.94 769.01 769.29
Stream E Reach 01 6,500 | 763.47 | 764.29 | 764.49 | 764.66 | 764.78 | 764.91 764.98 | 765.08
Stream E Reach 01 5,500 | 756.73 | 757.26 | 757.57 | 757.82 | 758.07 | 759.15 759.48 | 759.94
Stream E Reach 01 5,116 | 753.01 | 754.01 | 754.62 | 756.01 | 757.60 | 759.03 759.39 | 759.87
Stream E Reach 01 4,639 | 751.47 | 752.28 | 752.52 | 752.79 | 753.00 | 753.20 753.28 | 753.47
Stream E Reach 01 4500 | 749.28 | 750.49 | 751.08 | 751.42 | 751.68 | 751.91 751.98 | 752.20
Stream E Reach 01 3,949 | 746.86 | 747.13 | 747.29 | 747.43 | 747.55 | 747.64 747.69 | 747.80
Stream E Reach 01 3,767 | 743.42 | 743.95 | 744.16 | 744.33 | 744.51 744.66 744.71 744.87
Stream E Reach 01 3,599 | 740.38 | 741.02 | 741.43 | 741.83 | 742.06 | 742.32 742.43 | 742.65
Stream E Reach 01 3,000 | 733.01 | 734.14 | 734.69 | 735.22 | 735.67 | 736.00 736.12 | 736.44
Stream E Reach 01 2,500 | 728.80 | 729.66 | 730.09 | 730.51 | 730.85 | 731.31 731.47 | 731.91
Stream E Reach 01 2,000 | 724.88 | 726.02 | 726.59 | 727.10 | 727.45 | 727.71 727.81 728.09
Stream E Reach 01 1,500 | 721.07 | 722.45 | 723.13 | 723.76 | 724.22 | 724.62 72477 | 725.15
. Stream E Reach 01 951 | 719.27 | 720.47 | 721.07 | 722.18 | 722.66 | 723.30 723.48 | 723.89
Stream E Reach 01 844 | 717.68 | 718.64 | 719.11 [ 721.48 | 721.92 | 722.71 72291 | 723.37
Stream E Reach 01 731 | 713.77 | 71488 | 715.44 | 715.96 | 716.44 | 716.87 717.03 | 717.47
Stream E Reach 01 628 | 713.49 | 714.86 | 715.49 | 716.16 | 716.59 | 716.90 71713 | 717.39
Stream E Reach 01 500 | 713.13 | 714.36 | 714.95 | 715.63 | 716.03 | 716.36 716.68 | 716.91
Stream F Reach 01 14,000 | 712.44 | 713.06 | 713.34 | 713.60 | 713.81 714.01 714.03 | 714.27
Stream F Reach 01 185671 71062 | 711.28 [ 71055 | 21181 | 71202 712:20 71221 | 712.47
Stream F Reach 01 13.500 | 710:31 | 711.03 | 711.30 | 711.56 | 711.77 | 711.95 Z11.95 | 71220
Stream F Reach 01 13,423 | 709.06 | 709.49 | 709.69 | 709.90 | 710.07 | 710.23 710.24 | 710.44
Stream F Reach 01 13,210 | 708.51 | 708.88 | 709.11 | 709.28 | 709.46 | 709.67 709.68 | 709.93
Stream F Reach 01 13,108 | 708.49 | 708.84 | 709.05 | 709.21 | 709.39 | 709.59 709.60 | 709.83
Stream F Reach 01 12,710 | 705.04 | 705.89 | 706.19 | 706.46 | 706.71 | 706.90 706.88 | 707.21
Stream F Reach 01 12,500 | 705.01 | 705.85 | 706.14 | 706.39 | 706.63 | 706.81 706.79 | 707.11
Stream F Reach 01 12,221 | 704.98 | 705.80 | 706.09 | 706.33 | 706.55 | 706.72 706.70 | 707.00
Stream F Reach 01 12,153 | 702.00 | 705.21 | 705.79 | 706.10 | 706.33 | 706.55 706.53 | 706.81
Stream F Reach 01 12,086 | 701.93 | 705.19 | 705.77 | 706.08 | 706.31 | 706.52 706.50 | 706.78
Stream F Reach 01 12,042 | 701.75 | 705.18 | 705.76 | 706.07 | 706.30 | 706.51 706.49 | 706.76
Stream F Reach 01 11,936 | 697.22 | 698.18 | 698.64 | 699.11 | 699.48 | 699.84 699.86 | 700.37
Stream F Reach 01 11,500 | 692.81 | 693.76 | 694.29 | 694.83 | 695.29 | 695.74 695.77 | 696.42
Stream F Reach 01 11,231 | 691.46 | 692.44 | 693.01 | 693.60 | 694.10 [ 694.59 694.63 | 695.33
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Water St(lll\'nfa;i I)Elevation
. River S
e i T f P T Tl
- | 2-YR | 5-YR | 10-YR | 25-YR | 50-YR | 100-YR | 100-YR | 500-YR
Stream F Reach 01 11,000 | 689.87 | 691.07 | 691.72 | 692.36 | 692.88 | 693.40 693.44 | 694.16
Stream F Reach 01 10,771 | 688.75 | 689.96 | 690.60 | 691.22 | 691.74 | 692.24 692.28 | 692.98
Stream F Reach 01 10,500 | 688.32 | 689.49 | 690.12 | 690.73 | 691.23 | 691.72 691.76 | 692.45
Stream F Reach 01 10,078 | 686.69 | 687.56 | 688.01 | 688.44 | 688.80 | 689.16 689.19 | 689.76
Stream F Reach 01 9,884 | 684.59 | 685.49 | 686.00 | 686.58 | 687.11 | 687.67 687.72 | 688.63
Stream F Reach 01 9,500 | 681.79 | 683.22 | 684.09 | 685.03 | 685.79 | 686.56 686.61 687.78
Stream F Reach 01 9,099 | 681.04 | 682.75 | 683.71 | 684.72 | 685.52 | 686.32 686.38 | 687.58
Stream F Reach 01 8,962 | 680.32 | 681.52 | 682.15 | 682.75 | 683.20 | 683.62 683.65 | 684.25
Stream F Reach 01 8,904 | 680.15 | 681.35 | 681.97 | 682.57 | 683.01 | 683.42 683.45 | 684.03
Stream F Reach 01 8,758 | 679.65 | 680.80 | 681.39 | 681.93 | 682.33 | 682.70 682.72 | 683.25
Stream F Reach 01 8,500 | 678.39 | 679.39 | 679.92 | 680.43 | 680.81 681.18 681.20 | 681.73
Stream F Reach 01 8,234 | 677.25 | 678.21 | 678.69 | 679.21 | 679.61 | 679.98 680.00 | 680.53
Stream F Reach 01 8,000 | 676.52 | 677.38 | 677.79 | 678.26 | 678.63 | 678.97 678.99 | 679.48
Stream F Reach 01 7,500 | 673.35 | 674.83 | 675.62 | 676.21 | 676.58 | 676.91 676.93 | 677.36
Stream F Reach 01 7,000 | 672.15 | 674.09 | 674.99 | 675.57 | 675.89 | 676.16 676.17 | 676.49
Stream F Reach 01 6,847 | 671.81 | 673.92 | 674.86 | 675.43 | 675.75 | 676.00 676.01 676.30
Stream F Reach 01 6,690 | 667.12 | 668.19 | 668.74 | 669.29 | 669.67 | 670.02 670.04 | 670.52 .
Stream F Reach 01 6,500 | 665.51 | 666.32 | 666.72 | 667.15 | 667.49 | 667.81 667.83 | 668.33
Stream F Reach 01 6,000 | 661.06 | 662.09 | 662.57 | 663.06 | 663.42 | 663.77 663.79 | 664.29
Stream F Reach 01 5,500 | 659.02 | 660.04 | 660.50 | 660.95 | 661.26 | 661.57 661.59 | 662.03
Stream F Reach 01 5,000 | 655.19 | 655.86 | 656.27 | 656.72 | 657.08 | 657.41 657.43 | 657.94
Stream F Reach 01 4,753 | 654.03 | 654.89 | 655.37 | 655.88 | 656.28 | 656.66 656.67 | 657.25
Stream F Reach 01 4,000 | 650.21 | 651.52 | 652.15 | 652.80 | 653.31 | 653.80 653.75 | 654.36
Stream F Reach 01 3,500 | 646.41 | 647.52 | 648.29 | 649.16 | 649.72 | 650.04 650.69 | 651.85
Stream F Reach 01 3,000 | 643.75 | 645.69 | 647.02 | 648.21 | 648.90 | 649.12 650.17 | 651.50
Stream F Reach 01 2,515 | 643.44 | 645.53 | 646.91 | 648.13 | 648.82 | 649.03 650.12 | 651.45
Stream G T2 4,000 | 743.15 | 743.62 | 743.86 | 744.06 | 744.21 744.35 744.37 | 744.54
Stream G T2 3,500 | 738.01 | 738.40 | 738.58 | 738.75 | 738.89 | 739.03 739.04 | 739.23
Stream G T2 3,000 | 731.94 | 732.38 | 732.59 | 732.79 | 732.96 | 733.13 733.14 | 733.46
Stream G T2 2,444 | 727.60 | 728.90 | 729.27 | 729.53 | 729.71 729.86 729.86 | 730.08
Stream G T2 2,358 | 727.35 | 728.78 | 