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CHAPTER 1 — Introduction

Section 1.1 — Purpose and Authority

Section 1.1.1 — Purpose

The purpose of this drainage manual is to establish standard principles and practices for
the design and construction of drainage systems within Wharton County. The design
factors, formulae, graphs and procedures are intended for use as engineering guides in
the solution of drainage problems involving determination of the quantity, rate of flow,
method of collection, storage and conveyance of stormwater.

Methods of design other than those indicated herein may be considered in difficult cases
where experience clearly indicates they are preferable. However, there should be no
extensive variations from the practices established herein without the express approval of
Wharton County.

Section 1.1.2 — Scope

The manual presents various applications of accepted principles of surface drainage
engineering and is a working supplement to basic information obtainable from standard
drainage handbooks and other publications on drainage. It is presented in a format that
gives logical development of solutions to the problems of storm drainage.

The past procedures and practices that have been used to design drainage facilities in
Wharton County, along with numerous drainage criteria manuals for other areas were
reviewed to determine the most appropriate techniques and criteria for drainage design for
use in Wharton County. This was especially true of Harris County's Criteria Manual for the
Design of Flood Control and Drainage Facilities, the Drainage Manual for Fort Bend
County, the Drainage Manual for Brazoria County and the Stormwater Design Guidelines
for Bryan/College Station, which were used as guides in selecting drainage criteria and in
preparing this Criteria Manual for Wharton County. A Storm Sewer Design example and
guidelines for riprap and gabion design were excerpted from the City of Fort Worth Design
Manual. This was done in part so as not to "reinvent the wheel" in developing simplified
procedures for applying the complex equations dealing with stormwater drainage. Also,
there was the desire for consistency in criteria and methodology, where appropriate, to
avoid unnecessary difficulty, confusion and expense in the design of drainage systems by
engineers who have been or will be working in Wharton County. However, while there
was obvious benefit for having consistency in the drainage criteria manuals of adjacent
counties, this drainage criteria manual not only had to be an easy-to-use tool for solving
drainage problems in Wharton County, but needed to contain standards and methodology
that would be applicable to the specific problems and objectives of Wharton County. As a
result, certain criteria and methodology were changed from those used in Fort Bend,
Brazoria and Harris counties.

To assist design engineers in dealing with these three county manuals, the following is a
list of the more significant differences in their design criteria:

1. The equations for computation of Clarks TC and R coefficients.
2. The loss rate parameters.



Application of the ponding adjustment factor.
Rainfall total (hyetographs) for various events.
Drainage area - discharge curves

Detention criteria

Leveed areas

Rural subdivision criteria

XN O AW

Section 1.1.3 — Authority

This manual was developed with the intention that it could be adopted by various
governmental entities. Therefore, the generic terms "Drainage Regulation Entity" and
"Drainage Review Authority" are used throughout the manual.

Each entity adopting the manual can define those terms in a preface to the manual as
appropriate for that entity. For instance, Wharton County would define "Drainage
Regulation Entity" as "Wharton County" and "Drainage Review Authority" as "County
Engineer".

It is anticipated that additional changes, modifications, additions or deletions will occur and
that these items could be added to this manual through applicable means.

Section 1.2 — Policies
Section 1.2.1 — Stormwater Principles

Drainage System For purposes of regulation, the drainage system shall be divided
into geographical and functional groupings. The drainage system
consists of all natural and man-made features that collect or
receive concentrated stormwater flow. Examples are swales or
channels (natural or man-made), streets, storm sewers, minor
streams and major streams.

Primary and Secondary  Functional division is separation of the drainage system into its
primary and secondary components. The Primary System
consists of major streams that convey collected stormwater
through Wharton County, including primary tributaries thereof.
The Primary System is made up of the watercourses that are part
of the FEMA-designated floodplain management network, the
geographic limits of which may be amended from time to time by
the County or cities. The Secondary System consists of all minor
drainage ways, streets, storm sewers, and swales that collect
stormwater and convey it to the Primary System. It should be
noted that the Primary System includes both "Primary and
Secondary" Watercourses.

Storm Duration From a hydrologic standpoint, the Secondary System is sensitive
to short duration, high intensity rainfall events. Flood effects occur
suddenly and dissipate quickly, usually within a period of a few
hours. By contrast the Primary System is sensitive to longer
duration, moderate intensity rainfall events. Flood events occur
over a longer period, with a slower rise to fall for peak flows and
flood elevations. This fundamental difference between the



Unique Characteristics

Known Problems

Primary and Secondary Systems forms the basis for strategies to
manage stormwater and its effects within each.

Geographical division involves separating the various streams and
land areas into broad drainage areas having unique
characteristics in terms of land cover, pattern of development,
governmental jurisdiction, proposed land uses, and system
interconnection.  Recognition of these differences allows for
logical formulation of policies and standards tailored to specifics
rather than generalities.

Because the basic reason for regulating stormwater runoff and
conveyance is to promote public safety, it must be emphasized
that where persistent, known drainage problems exist, criteria
more stringent than stated in these Guidelines may be necessary.

Section 1.2.2 — Framework of Stormwater Management Terms

A great variety of terms are used in the science and administration of managing
stormwater. To foster clarity and expediency in use of these Guidelines, a limited series of
terms has been specially defined. The focus is on the definitions of drainage areas, land
proposed for development, and the purposes of detention. The diagram in Figure 1.2.2-1
offers a graphical representation supporting this framework of terms. The principal terms
coined below are in bold print in this Section and are capitalized throughout these

Guidelines.

1. Watersheds

Every land area in the Wharton County region is in a “watershed” of some description,
each of which is associated with some kind of watercourse. For managing storm runoff
in these areas it is useful to divide these areas according to the watercourses that drain

them.

Named Streams

For purposes of these Guidelines “watersheds” are all of the land
areas contributing storm runoff to each of the principal
watercourses making up the primary system. The primary system
is divided into logical parts that are referred to as the “Primary
Watercourses”, (main channels) and "Secondary
Watercourses" (major tributaries) presented in Figure A-1 and
Table A-1 in Appendix A which are generally the watercourses
which have been subjected to either "detailed studies" or "Limited
Detailed Studies".

A hypothetical “Primary Watercourse” and the hypothetical
watershed (“Watershed A”) it drains are sketched in Figure 1.2.2-
1.



2. Basins

Tributaries

Specific Limits

For purposes of these Guidelines a “basin” is defined as the land
area drained by a tributary of a “Primary Watercourse”. Each
“Primary Watercourse” has several tributaries (some possibly
having localized names) that serve to help drain the watershed.
Each watershed is made up of several basins, and all areas in a
watershed are considered to be part of one of its basins.

The specific geographic limits of any basin are a function of
topographic features that can only be determined through
engineering study. Such limits must be determined when dictated
by the characteristics of a proposed land development project as
determined by the Drainage Review Authority or his/her designee
during project review processes.

Figure 1.2.2-1 illustrates the basins of a hypothetical watershed.
In this sketch the “Primary Watercourse” has six tributaries, so the
watershed is considered to have six basins. Watershed “A” has
six identified basins, basins 1, 2, 6.

3. Land Development Projects

a. Land Areas

Enhanced Consistency Land development projects occur in many shapes and

Project Area

2-Phase Project

sizes in a variety of locations. These Guidelines apply to
all proposed projects but their application is a function of
numerous Vvariables. To enhance consistency in
determining how these Guidelines apply to particular
situations, the following land area terms will be used.

Project Area: The entire land holding associated with any
proposed land development project will be considered the
“Project Area”. This is to include the largest acreage of
any combination of: the entire ownership, the entire parent
tract, and/or the entire purchase option acreage, if any.
This is true for all contiguously owned tract(s) or lots
regardless of whether platted or not platted. It is also
irrespective  of whether construction (buildings or
infrastructure) is planned on portions of the land near term
and/or at some future time, however well or poorly defined.

In Figure 1.2.2-1 hypothetical Project B is a two-phase
project. Stormwater analysis and design for Phase 1 of
Project B must consider Phase 2 to be part of the project
area, even if Phase 2 facilities and/or buildings are
planned for future construction. In addition, it must
consider any “Above-Project Area(s)” and “Pathway
Area(s)” as described below.

Above-Project Areas Above-Project Areas: These are any land areas that

contribute storm runoff onto or through the project area.



In Figure 1.2.2-1 schematic projects A, C, and E all have
“above-project areas” since upland areas contribute
storm runoff to the project areas. Schematic projects “B”
and “F” may or may not receive runoff from limited upland
areas. Schematic Project “D”, in Basin 1, borders the
basin divide and receives no runoff from upland areas, so
it has no above-project area.



Watershed A

(of a Primary
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Ridge Lines
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Project B
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~> Pat hways
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Figure 1.2.2-1: Watershed — Basin — Projects Diagram




Pathway Areas

Two Basins

Drainage Study Area

Design Drainage Area

Pathway Areas: As described in Section 1.2.4, Paragraph
2, “designated conveyance pathways”, however simple or
complex, must be identified for every land development
project. Conveyance pathways downstream of a project
area may carry runoff from land that is not part of the
project area or the above-project area. Areas
discharging to a “conveyance pathway” downstream of the
project area are considered “Pathway Areas”.

In Figure 1.2.2-1 Projects “A”, “B”, and “D” each include
pathway areas along the “conveyance pathway” that
would extend from the project area to the tributary, then to
Watercourse A. Project “F” straddles the divide between
basins, so it will have two “conveyance pathways” and two
sets of pathway areas, one in each of the two basins.

Drainage Study Area: Every project will be considered as
having a “Drainage Study Area” that is the project area
at a minimum. As applicable, it may also include above-
project area(s), and/or pathway area(s). To be
considered complete, a “drainage study” must address all
three components of a drainage study area, as well as
the conveyance pathway itself. If such areas do not exist
for a particular project, it shall be so stated in the drainage
study report.

Design Drainage Area: Every drainage study area will
include any number of “Design Drainage Areas” that
must be analyzed to determine the design storm flow for
the purpose of sizing and placing stormwater management
facilities of various types. This can vary widely, from a
small area draining to a curb inlet, to many acres served by
a channel and culvert.

b. Purposes of Detention

Two Purposes

Detention is a useful stormwater management technique.
As fully addressed in Section 1.2.3, Paragraph 3, it can be
used for managing flood control over a broad area such as
an entire basin or watershed. It can also be used to
manage property-to-property conveyance of stormwater.

If low enough in the watershed, Detention may be
unnecessary, possibly even detrimental, to flood control
objectives. Moreover, because it can drain directly into the
principal watercourse, there may be no need for
Detention.



Section 1.2.3 — Watershed Management

1. Primary Drainage System

a. Nature of Problems in Primary System

Floodplains

Problem Causes

Resulting Hazards

Hydrologic Studies

Stormwater problems in the primary drainage system result
from floodwaters rising out of the banks of natural streams
and inundating adjacent natural floodplains. Symptomatic
problems are flooding of building structures, overflow of
bridges and culverts hampering traffic access, and damage
to public and private infrastructure (utilities, roads, etc).

Problems in the primary system can be caused by the
following:

¢ Inadequate capacity of crossing structures and failure
to allow for overflow.

o Placing the finish elevation of the lowest floor of a
structure situated adjacent to the Primary System
below the existing or ultimate 100 year flood elevation.

e Inadequate or out-dated engineering studies that form
the basis of the regulatory flood elevations.

o Failure to allow for increased discharge from, and
resulting flood elevations in, upstream areas.

e Failure to control and Ilimit increased stormwater
discharge to downstream areas.

o Improper or ineffective alterations to natural channels
that have the effect of “transferring” flood problems to
upstream or downstream areas.

The results are creation of hazards to life and damage to
public and private properties. Remedial measures usually
involve large capital improvements to channelize streams,
create large detention facilities, or build larger crossing
structures for roadways.

As a first step to dealing with these problems, the County
has adopted comprehensive hydrologic and hydraulic
engineering studies for most of the primary system and
tributaries thereof. These identify the flood discharge and
flood elevations within the primary system, for existing
development conditions. Ultimate development conditions
have not been currently defined because there is no
adopted comprehensive land use plan and significant
development is not anticipated in the foreseeable future.
Duly adopted flood studies will govern actions and
treatments (whether public projects or associated with land
development projects) that affect the primary system and



Minimize Flooding

Encroachments

Regulations

its tributaries, consistent with state and federal regulatory
requirements.

The policies of the Drainage Regulation Entity are to
encourage the efficient conveyance of stormwater through
and out of existing and future developed areas within the
primary system. The lowest floor of all structures adjacent
to the primary system shall be kept at a level above the
ultimate 100-year flood level, and no structure will be
allowed within the existing 100-year flood path defined as
the “floodway.” In order to eliminate sporadic and
uncoordinated site improvements, modification of the
floodway shall be restricted to projects engineered and
treated in conformance with a comprehensive master plan
established for regulatory channel reaches.

Unless stipulated otherwise in an ordinance or other
design guidelines, minor encroachments in the floodway
fringe will be allowed for individual sites and developments,
provided they are clearly part of a “Drainage Development
Permit” approved by the Drainage Regulation Entity.
Crossing roadway structures are allowable to include
encroachments, provided they are designed to
accommodate the range of ultimate design flows through
them (or through and over them) to eliminate formation of
hazards and damage to private property or public
infrastructure.

To implement this policy, stormwater management
ordinances and design guidelines may be adopted by each
Drainage Regulation Entity. Requirements vary along
each channel reach to recognize the differences related to
development conditions, expected increases in flood
elevations, and the potential for damages.

2. Secondary Drainage System

Typical Problems

Problem Causes

Stormwater problems in the secondary system tend to be
localized and scattered throughout the County. Typically
they result from inadequate provision for streets, storm
sewers, and collection channels. Examples include:
excessive ponding in streets at low points, excessive storm
flow through principal street intersections, overflow of
streets, undersized drainage easements, facilities requiring
excessive maintenance, and restriction of street uses due
to excessive storm flow.

Causes of problems in the secondary drainage system are
listed as follows:

° Inadequate capacity for design flows.

. Inadequate allowance for increases in storm flow due
to future development.



Damage or Nuisances

Drainage By Design

Performance Criteria

Conveyance Pathways

Watershed Diversion

° No provision for containing and controlling (within
designated easements or right of way) the discharge
from the 100 year rainfall event.

° Failure to control discharge from new developments
that exceeds the capacity of the receiving secondary
system, existing or proposed.

The results are creation of nuisance problems and
situations where damage to public and private property
can occur. Remedial measures may be very difficult to
achieve, and may range from expensive public
improvement projects to situations where remedies are
infeasible from a practical standpoint.

The policy of the Drainage Regulation Entity is to avoid
formation of these problems through efforts at the design
and development stage. Central to this strategy are the
performance standards for drainage design contained in
these Guidelines, including the “conveyance pathway”
concept for containing the base flood discharge.

Based on this policy, performance criteria are set for
design rainfall events. The emphasis at the performance
level is to mitigate the nuisance aspect of storm drainage.
An example of a performance standard would be: “design
the street and attendant drainage system to carry the
discharge from a ten-year rainfall event leaving an area
approximately the width of one lane at the center free of
any water flow”. These Guidelines contain similar
performance standards for various parts of the secondary
and primary systems.

The secondary system is to be evaluated and designed for
the stormwater conditions that will result for storms up to
the magnitude of the 100-year rainfall event based on
existing development within the applicable basin. From the
location where storm flow is first introduced into a public
easement or right of way near the upper end of any basin,
a “conveyance pathway” shall be identified and provided to
a discharge point at a main channel of the primary system.
The designated “conveyance pathway” must follow or
provide clearly identifiable watercourses. Needs for
easements or ROW for conveyance pathways are to be
assessed per the provisions of this Section. The purpose
of providing for the 100-year storm level is to prevent the
creation of situations hazardous to life, or harmful to public
and private property. Accordingly, a major emphasis is on
deliberately confining storm flow to designated conveyance
pathways.

Generally stormwater emitting from land drained by one
watercourse of the primary system shall not be diverted to
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3. Detention / Mitigation

Detention Purposes

drain into a different named regulatory watercourse of the
primary system.

Detention is an important mitigation measure. It can be
used effectively for either or both of two fundamental
purposes. As a tool for watershed management, it can be
deployed with other features to minimize potential flooding
along major watercourse(s). It can also be used to
manage how stormwater is discharged from a property to
adjacent properties. Thus, it can be an integral part of
stormwater conveyance in route to the primary system or
to a tributary thereof. Both are legitimate reasons for using
detention facilities and any one detention facility might
work toward both purposes, depending on its location in a
watershed. The functional purposes for detention are
further defined in foregoing Section 1.2.2, Paragraph 3.

a. Detention Requirements

Right Uses

Peak Flow Regulated

For optimum results detention facilities must be deployed
for the right reasons at the right locations. It is the intent of
these Guidelines to stipulate the conditions under which
detention must be used and why. These Guidelines are
not intended to preclude the use of detention at locations
where qualified engineers may deem it to be beneficial.
Nevertheless, where detention is required by these
Guidelines designed facilities must meet the criteria
stipulated herein.

Where detention facilities are required, peak stormflow
rates from a project area resulting from the two (2), ten
(10), and one hundred (100) year storm frequency events
shall not be increased at any point of discharge.
Regulation of peak flows to allowable levels, as determined
by the provisions of these Guidelines, shall be achieved by
storage facilities on, or away from, a project area, or by
participation in an approved Regional Stormwater
Management Program.

b. Detention Facilities May Be Optional

Detention Limited

At the discretion of the Drainage Review Authority, land
development activity is not subject to the stormwater
detention requirements of these Guidelines if one or more
of the four conditions listed in Sub-paragraphs b(1) through
b(3) before are satisfied, and an engineer registered in the
State of Texas submits a signed, sealed, and dated letter
addressed to the Drainage Review Authority, stating the
following without qualification:
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4. Water Quality

Concurrent Objectives

‘I have conducted a topographic review and field
investigation of the existing and proposed flow patterns for
stormwater runoff from (name of subdivision or site project)
to the main stem of (name of creek). At design conditions
allowable by zoning, restrictive covenant, or plat note, the
stormwater flows from the subject subdivision or site project
will not cause any increase in flooding conditions to the
interior of existing building structures, including basement
areas, for storms of magnitude up through the 100-year
event”:

(1). Adjacent to Primary System

The development is immediately adjacent to a designated
primary system watercourse, and discharges directly into
its lower reach (approximately the lower one third of the
watercourse length).

(2). One Existing Lot

The proposed development project involves one single
existing legal lot that is limited to single-family land use by
zoning, restrictive covenant, or plat note.

(3). Small Lot

The size of a platted lot is equal to or less than one (1)
acre for commercial use, or two (2) acres for detached
residential use.

The intent of these Guidelines is to cause development of
stormwater management facilities that effectively collect
and convey stormwater without causing water damage
impacts on life and property. A concurrent objective is to
achieve facilities that minimize any adverse affect(s) on the
quality of water conveyed into natural waterways that
traverse and/or drain the developed areas within the
County.

5. Master Drainage Plans

Plan Consistency

All land development projects and site re-development
projects subject to the provisions of these guidelines must
demonstrate that plans for managing the stormflow
expected to emit from the project(s) are consistent with the
County's Master Drainage Plan if available, or with any
applicable publicly approved Watershed management
master plan.
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Section 1.2.4 — Extent of Design

1. Threshold for Engineered Design

Limited Exemptions

Possible Exemptions

2. Study Limits

Analysis Limits

For purposes of these Guidelines, some land development
projects may be exempted from requirements for drainage
plans designed by a licensed engineer and approved by
the County and/or Cities. However, in designated FEMA
floodplain areas no construction of any kind, including
clearing, grubbing or earthwork, may begin without fully
approved engineering studies. Likewise, this provision
shall not be construed to obviate any requirements of the
Texas Professional Engineering Practices Act regarding
engineering of facilities to be constructed for public use.

Developments of the general nature listed below may be
exempted from designs conforming with provisions of
these Guidelines after appropriate review and approval by
the Drainage Review Authority or his/her designee.

. A small lot less than one acre in size that does not
receive stormwater from adjacent or nearby land
areas.

° A platted lot set aside for construction of one single

family residential unit.

. Any platted lot less than one (1) acre for
commercial or multifamily use and two (2) acres for
detached residential for which adequate stormwater
management provisions can be administered
through building permit requirements.

° Where, in the judgment of the Drainage Review
Authority, development of a proposed project on a
platted lot will have no appreciable down-steam
effect.

Engineering for assessment of conditions resulting from a
stormwater project shall include the project area, above-
project area(s), and pathway area(s) as necessary, and
must extend upstream and/or downstream along
designated conveyance pathways to a point where the
applicant (or his engineer) can demonstrate to the
Drainage Review Authority's satisfaction that there are no
appreciable drainage effects caused by the proposed
project. Downstream or upstream of these points the
minimum responsibility of the project engineer is to merely
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document the location of the “conveyance pathway” to
limits otherwise specified in these Guidelines.

3. Special / Alternate Designs

a. Drainage Review Authority Approval

Equivalent Safe Design

The Drainage Review Authority may, upon request,
approve an alternate design or construction methodology
that differs from the requirements in these Guidelines if the
Drainage Review Authority determines that:

(1) The alternate design or construction methodology
is equivalent or superior to the design that would
result from using these Guidelines, and

(2) The alternate design or construction methodology
is sufficient to ensure public health and safety.

b. Substantiation of Alternate Designs

Responsibility

It shall be the responsibility of the owner’s/developer’s
(applicant’s) engineer to substantiate that any proposed
alternate design or construction methodology deviating
from these Guidelines meets or exceeds designs or
construction methodologies promulgated by these
Guidelines.

4. Applicable Ordinance Requirements

Design Reviews

Nothing herein shall be construed to conflict with or
supersede design review criteria otherwise established in
applicable ordinances of the City of Wharton or the City of
El Campo, the City of East Bernard or the City of Louise.

Section 1.2.5 — Public Facilities

1. Principles For Public / Private Facilities

Public/Private Mix

Rural To Urban

Stormwater management involves some combination of
private and public facilities occurring on (or across) land,
and in easements or ROW, in a mix of public and private
holding (or ownership). The two-fold intent of these
Guidelines is to regulate all such facilities as necessary to
achieve specific objectives, while minimizing regulation
where it is not fundamental to meeting those objectives.

Development activities either change the character (or use)
of a previously developed site(s), or generally move land
from rural to urban conditions. In the later case, storm
runoff is necessarily directed into various types of
concentrated flow that typically did not previously exist.
This can tend to change both how and where flow is
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Discharge Options

delivered to immediately adjacent properties or facilities.
Because the new facilities are commonly situated in
easements or ROW proposed to be conveyed to a public
entity, the process may create a measure of public
responsibility where none had previously existed.

It is the responsibility of the owner/developer of any
development project to properly provide for storm
discharge from the project area. Where street or drainage
ROW(s) or drainage easement(s) are to be dedicated to
the public, and discharge is to drain across neighboring
property(ies) before reaching a Primary Watercourse (or a
recognized drainage way serving as a tributary thereof), it
shall be the responsibility of the project owner/developer to
accomplish one of the two following scenarios, or some
combination thereof.

a. First Scenario: Establish Drainage Easement(s)

Receiving Easements

Drainage easements must be established across down
stream properties as necessary along identified
conveyance pathways. Such easements must be aligned
and sized to safely accommodate the design discharge(s)
from the project area, and must extend to a Named
Regulatory Watercourse (or a tributary thereof). The
easement(s) may be conveyed to a private party or to a
public entity at the discretion of the Drainage Review
Authority or her/his designee.

b. Second Scenario: Pre-Development Release

Designed Release(s)

Drainage facilities must be situated and designed so that
discharge(s) are delivered to down stream properties with
substantially the same flow characteristics (rate of flow,
concentration, velocity, etc.) that existed in pre-
development conditions. In addition, discharges are to be
released at substantially the same locations that existed in
pre-development conditions. Usually, all work necessary
to accomplish this must be within the geographic limits of
the project area.

2. Maintenance Considerations

A Design Function

All stormwater management projects subject to the
provisions of these Guidelines that are to be dedicated to
the public shall be designed with adequate provisions for
maintenance of the designed facilities, regardless of their
nature. Maintainability and access are important design
objectives. These two factors must be an integral part of
the design considerations for all stormwater facilities. The
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Importance

Justification Data

same principles must apply to the easements and/or right
of way within which such facilities are to be placed.

Where, in the opinion of the Drainage Review Authority,
design alternatives meet detention, flood level, and water
guality criteria promulgated by these Guidelines and other
regulatory requirements in essentially an equal manner,
the option(s) offering lesser demand for maintenance work
will be preferred. Likewise option(s) offering improved
access will be preferred.

All information necessary to making such decisions shall
be the responsibility of property owners proposing the land
development project(s). Changes in proposed designs
may be required in order to meet these objectives.

3. Easements and Right of Way

Drainage ROW

Uses Limited

a. Size Parameters

Approvals Needed

Where any part of a project area is traversed by a channel
or stream, whether man-made or natural, an easement or
drainage right of way (ROW) is to be provided for the
watercourse. Likewise ROW is to be provided for drainage
ways newly formed by runoff concentration within the
project area of subdivision projects. In all cases ROW is
required unless easements are specifically approved by
the Drainage Review Authority. ROW will generally be
required unless stormwater is conveyed via underground
conduit, in which case easements will be considered.

The purpose of easements or right of way (ROW) is to
provide the necessary space for stormwater flow and for
maintenance of drainage facilities. Any uses of such areas
that are inconsistent with these purposes are prohibited.
Prohibited uses include, but are not limited to, construction
of fences or other obstructions, placement of building
structures, or any uses that alter the required shape,
configuration, or surface treatment needed for stormwater
management functions.

Decisions about the necessary alignment and extent of
ROW and easements shall be subject to approval by the
Drainage Review Authority or his/her designee, and shall
be based, in part, on drainage information provided by the
applicant. Criteria for this determination shall be based on
the anticipated amount and spread of stormwater flow, the
possibility of increased flow at some time in the future, any
concurrent uses to be associated with the designated
areas, the space required for the appropriate maintenance
equipment and personnel, and the access necessary to
conduct maintenance activities.
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ROW For Channels

Conduit Easements

Where a land development project is traversed by a
constructed swale, a constructed channel, a natural
channel, or a stream, drainage ROW conforming
substantially to the limits of such watercourse (plus
additional width to accommodate flow from a 100-year
frequency event*) must be provided. Additional width may
be required for maintenance purposes.

Where stormwater is to be conveyed in buried conduits,
drainage facilities may be situated in drainage or utility
easements provided flow from a 100-year frequency event*
will be wholly contained within the easement.

In cases where the 100-year event cannot feasibly be
conveyed, exceptions may be allowed with the
approval of the Drainage Review Authority.

b. Minimum Standards

The following minimum standards shall be used in determining the size and
placement of drainage easements and ROW.

(1).  The minimum width of any drainage easement shall
be 15 feet.

(2). For buried conduit storm sewer, the minimum width
for any drainage easement (or ROW) that is not
congruent with any other pubic ROW or easement
shall be 15 feet, and the centerline of the storm
sewer shall not be closer than five (5) feet to either
side of the easement. In addition, the easement or
ROW (inclusive of the conduit capacity) must
adequately convey the 100-year storm.

3). For purposes of maintenance access for improved
open channels, the minimum ROW width shall be
the design top width of the channel plus an
additional 20 feet (five feet along one side and 15
feet along the other side). However, where the
design top width of the channel exceeds 30 feet, 15
feet of additional ROW shall be provided on both
sides of the design channel width. Where special
designs approved under the provisions of Section
1.2.3, Paragraph 3 of these Guidelines will obviate
the need for easements of these widths, smaller or
narrower easements will be considered. However,
in no case shall adequate provisions for
maintenance be seriously compromised.

4). If access to a drainage easement or ROW is not
available from public ROW, then an access
easement having a width of 15 feet or more shall
be provided from a public ROW to the easement or
ROW containing drainage facilities.
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(5). The width of all easements and ROW shall be
sufficient to include areas that will be part of the
designated conveyance pathways of the secondary
system.

Section 1.2.6 — Private Facilities

1. Detention Systems

Guidelines Apply

2. Conveyance Systems

All stormwater detention facilities required by these
Guidelines shall be sized, designed, and constructed in
conformance with the criteria stipulated herein and
elsewhere in Drainage Regulation Entity regulations,
whether to be retained as private facilities or dedicated to
the public within an easement or ROW.

The four conditions described in this sub-paragraph are illustrated in Figure 1.2.6-1.

a. Discharges Received By Private Land or Facilities

From Private

From Public

Stormwater conveyance features that will receive
discharge only from private land or facilities at ultimate
development conditions may be established as private
conveyance systems at the discretion of the Drainage
Review Authority or her/his designee. Design of such
facilities in accordance with provisions of these Guidelines
is generally at the discretion of the Registered Professional
Engineer in charge of the work.

Where stormwater is proposed to discharge from existing
or proposed public ROW(s) or easement(s) to private land
or facilities it is the responsibility of the owner/developer (or
applicant) to assure that the project discharge is
compatible with the down stream land and conveyance
features. This responsibility must be met as outlined in
Section 1.2.5, Paragraph 1-a /or Paragraph 1-b, or via
some combination of the two concepts.

b. Discharges Leaving Private Land or Facilities

To Private

In situations were conveyance facilities that are to be
permanently held in private ownership will discharge to
conveyance facilities that are likewise to be permanently
held in private ownership, the design is generally at the
discretion of the Registered Professional Engineer in
charge of the work. At the discretion of the Drainage
Review Authority or his/her designee, exceptions to this
may apply for watershed management purposes.
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To Public Where private lands or facilities will discharge to publicly
held lands or facilities, whether in fee simple or in
easement(s) or ROW(s), the design, configuration, and
construction of the upland facilities shall be in conformance
with these Guidelines to the extent required by the
Drainage Review Authority or her/his designee. Likewise,
if private land or facilities are to discharge into floodplain
areas or tributaries of a Primary Watercourse without first
traversing public easements or ROW or publicly held land,
they are subject to application of these Guidelines at the
discretion of the Drainage Review Authority or his/her
designee.

Paragraph 1.2.6-a Paragraph 1.2.6-b
Conditions Conditions

ﬂﬂ% Private Land \\\@

Or Drainage
FROM System

TO
\%ﬁ //;%

Figure 1.2.6-1: Public / Private Conveyance Systems Diagram (Paragraph 1.2.6)
Section 1.3 — Storm Water Administration
Section 1.3.1 — Permitting Process
The review process for any drainage plan must be in compliance with requirements of
other entities with jurisdiction within the Drainage Regulation Entity as applicable. The

following general process is recommended.

All developments shall be required to submit a Preliminary and Final Drainage Plan,
prior to development, to the Drainage Review Authority.

Approval Process:

Preliminary Plan Review

The first step in the review and approval process for a proposed development is to
submit a Preliminary Drainage Plan to the Drainage Review Authority demonstrating that
adverse drainage or flooding conditions will not be created along any drainage outfall or
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adjacent property as a result of the development. The Preliminary Drainage Plan shall
define the method of conveying rainfall runoff from the development to the appropriate
drainage outfall. This will include showing sheet flow paths, outlet design, detention
design, and addressing (if necessary) 100-year floodplain issues.

The Preliminary Drainage Plan will show the following as a minimum:

1. Name, address, phone number and Texas P.E. seal of the engineer preparing
the plan.

2. Submittal and re-submittal dates.
3. Minimum scaled drawing on 24" x 36" sheet of 1"=200'".
4. Vicinity map and legend.

5. A primary bench mark referenced to a N.G.V.D. benchmark with elevation,
datum, year of adjustment, and description is required on the plan.

6. North arrow on all sheets oriented upward or to the right.
7. All lot lines, property lines, rights-of-way lines, and easement lines.

8. Contour lines at 2 foot intervals covering the entire development including offsite
elevations 100 feet around perimeter.

9. Cross-section of existing and/or proposed detention facility, swales, and ditches.
10. Drainage area boundaries for the project area, including off-site areas.

11. Location and dimensions of all existing and proposed drainage easements and
reserves or fee strips.

12. Location of all drainage arteries adjacent to or crossing the development as
determined by recent (within past year) ground survey. Stream alignment shall
be shown 200 feet upstream and downstream of development.

13. Detention tabulations, including detention volume required and detention volume
provided call-outs. Detention calculations shall be completed as outlined in
Section 4.4.

14. Limits of the floodway and the 100-year flood plain scaled from the current FIRM,
if applicable.

15. Location of existing drainage and other structures, pipelines, and other
underground features.

Final Plan Review

The second step in the review and approval process for a proposed development is to
submit a Final Drainage Plan to the Drainage Review Authority demonstrating that
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adverse drainage or flooding conditions will not be created along any drainage outfall or
adjacent property as a result of the development. The Final Drainage Plan must be filed
and approved prior to commencement of construction.

The Final Drainage Plan must include all of the items on the Preliminary Drainage Plan,
as well as the following as a minimum:

1. Final detention calculations as outlined in Section 6.4.

2. Lot Grading plan, which provides for the passage of sheet flow from all adjacent
properties.

3. A 100-year sheet flow analysis that provides direct access to the detention facility
or main outfall.

4. Seal of a Registered Professional Engineer on all plans.

5. Approval of the drainage district(s) in which the project property is located.

Time Limit for Approvals

All approvals from the Drainage Review Authority shall be valid no longer than 12
calendar months. Failure to begin construction (building of roads, digging detention
system) of an approved project or make full use of the approvals granted within that time
period shall make such approvals null and void. Any fees associated with this process
will be forfeited and will not be returned to the applicant. Request for a one-time
extension, for a period not to exceed 12 months, may be granted by the Drainage
Review Authority, at its discretion, providing good cause exists and the request is made
prior to the expiration of the original approval.

The contractor shall have the construction time permitted as part of his bidding process
plus any accepted time extensions. Should there not be time limitations relating to the
contractor the Drainage Regulation Entity shall determine the applicable construction
duration. Construction outside this time frame shall not be allowed without expressed
written authorization from the Drainage Regulation Entity. Should the contractor not be
complete within the permitted schedule he may be required to resubmit and obtain new
construction permit(s).

Acceptance Procedures:

Prior to the Drainage Review Authority's approval of any drainage facilities in a
development, the project engineer must certify that the drainage facilities were
constructed in accordance with the approved plans and specifications.

The approval process will be accomplished by meeting the criteria of the governmental
entities charged with drainage responsibilities, as well as the criteria set forth below.

1.3.2 Abbreviated Drainage Plan

a. Suitability
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In certain situations, consistent with the policies and practices of the Drainage
Review Authority, the owner/developer (or applicant) may provide an
Abbreviated Drainage Plan in satisfaction of these Guidelines. This is
applicable only to small site plan projects on platted lots, not involving the
development of stormwater detention facilities, private or public. Although not
precluding involvement of an engineer, the scope of such site projects
generally does not involve hydrologic or hydraulic engineering analysis or the
design of stormwater management facilities.  Subdivision land development
projects are specifically excluded from this type of submittal. As a function of
the size, location, and hydrologic complexity of a project, the Drainage Review
Authority or his/her designee may require submittal of an engineered drainage
report.

b. Submittal Requirements

An Abbreviated Drainage Report is generally a very simple presentation of how
stormwater is to be managed on a small project. At a minimum such a plan
must include the information listed below. It must be accompanied by a letter
of transmittal requesting approval, and all proposed site features must be
subject to inspection via building permit processes.

e A site plan drawn to a standard engineering or architectural scale
showing vertical dimensional controls and proposed site grading,

e Finish floor elevations of structures and illustration of how stormwater is
to be routed around and away from them,

o lllustration of any flumes, walls, berms, and/or landscaping features
proposed for the purpose of managing runoff,

o Brief discussion of how erosion and sedimentation will be prevented as
a permanent part of the project,

o Description of how runoff is to be routed away from the property,

e Measures employed to preclude any negative affects on downstream
properties, and

e Measures to preclude any negative effects on public or private
watercourses to which runoff will be directed.

Section 1.4 — Related Permitting
Section 1.4.1 — FEMA-Designated Floodplains

1. Regulatory Floodplains

Named Watercourses Based on long experience with helping offset the costs suffered by
flood victims, The Federal Emergency Management Agency
(FEMA) has developed a flood insurance program centered on the
concept of floodplain management. Based on a series of
engineering studies FEMA has mapped flood-prone areas along
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Floodplains

2.

Minimize Flooding

principal watercourses and their tributaries in urban areas
nationwide. Termed “Flood Insurance Rate Maps”, these indicate
areas where citizens may obtain flood insurance at favorable rates
due to FEMA subsidies. For purposes of these Guidelines the
FEMA-designated watercourses and their tributaries are
designated as the “Named Regulatory Watercourses” of the
County.

The County and Incorporated Cities administer FEMA regulation
of the floodplains of the Named Regulatory Watercourses as
necessary to ensure the availability of affordable flood insurance
to area citizens.

Regulations

FEMA has established certain criteria that must be met by the
County and Incorporated cities along specific watercourses. The
purpose is to minimizing flooding, so use of “flood fringe” areas is
purposely limited. Complex criteria affect both mapped areas and,
in some instances, areas that are not yet fully mapped based on
engineering studies. Where a land development project or
construction of any kind will have the effect of limiting the cross
sectional area of a FEMA-designated watercourse, engineering
studies are necessary to determine the hydraulic effects, and to
assess whether flood stage water surface elevations will be
affected outside of allowable criteria. Where the upper reaches of
a FEMA-designated watercourse are not adequately mapped,
engineering studies will be necessary to do so.

3. Managing Encroachment

Watersheds

4. Procedures

Other Sections

Development of lands along FEMA-designated watercourses may
involve the proposed use of “flood fringe” areas, overbank areas
not usually involved with conveyance of stormwater during low
flow conditions. Use of such areas is considered “encroachment”
into regulated floodplains, and is therefore, limited.
Encroachments generally have the affect of restricting the cross
sectional area of a watercourse, so the objective is to avoid
causing water surface elevations at flood stage to rise above
certain predetermined levels as necessary to the characteristics of
each watercourse.

The possible need for engaging FEMA in review and approval of
flood studies or crossings of FEMA-designated watercourses must
be identified at the Stormwater Planning Conference outlined in
Section Il of these Guidelines. Different levels of FEMA approval
are required as a function of the proposed activity and its potential
impact on flood-prone areas. The approval appropriate to a
project must be obtained and documented to the Drainage Review
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Encroachments

Section 1.4.2

Permits If Needed

Section 1.4.3

Planning Required

Authority’s satisfaction before authorization will be given to start
construction.

The rationale for determining the extent of allowable
encroachment and specific limitations are stipulated in Section 4.2
of these Guidelines.

Stormwater Quality

There are a number of national and state regulations that have
bearing on the quality of stormwater emitted from land
development projects in Wharton County. These are principally
focused on efforts to minimize the amount of sediments and
pollutants carried into streams and waterways by storm runoff.
Specific permitting requirements that may, from time to time, be
required under any of the legislative provisions listed below must
be met by owners/developers (or applicants) of land development
projects. Proof that required permits have been issued by the
appropriate authority must be provided before construction will be
authorized by the County.

° Section 10 US Harbors and Rivers Act as administered by
the US Army Corps of Engineers (USACE).

. Section 404 of the US Clean Water Act as administered
cooperatively by the US Environmental Protection Agency
(EPA) and the USACE.

° Section 401 of the US Clean Water Act as administered by
the EPA.

. Section 402 of the US Clean Water Act as administered by
the EPA in cooperation with the Texas Commission on
Environmental Quality (TCEQ).

. Texas Administrative Code (30 TAC, Chapter 319) as
administered by the TCEQ pursuant to the Texas Pollutant
Discharge Elimination Program in cooperation with the
EPA’s Section 402 regulation of small MS4s.

Governmental Entities In Wharton County Region

If a land development project of any size or complexity might
possibly involve one or more of the entities listed in this paragraph
that potential must be made known as early as possible in the
development review process. ldeally the needed coordination and
approvals will be fully discussed during the Stormwater Planning
Conference outlined in Section Il of these Guidelines. At the very
least, such coordination must be identified as an open matter at
that time and fully addressed in the project Drainage Report.
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1. Wharton County

Approvals Required

Site Projects

Subdivisions

Certain land development projects may directly or indirectly
involve Wharton County governments. This may include site
construction projects as well as subdivisions, and includes the
creation of public drainage easements or ROW. Approvals by the
office of the Drainage Review Authority must be substantiated in
the form of letters or any documentation acceptable to the
Drainage Review Authority or his respective designees.

Any site development project that is wholly or partially in the limits
of the Drainage Regulation Entity (city or county) is subject to
these Guidelines. Where a project will discharge stormwater
directly or indirectly into roadway areas administered by Wharton
County, it will be necessary for the project owner/developer (or
applicant) to secure the necessary approvals by the office of the
Drainage Review Authority, or his/her designee. Likewise, if
stormwater is to be discharged into a drainage way of any
character that is maintained or administered by the office of the
Drainage Review Authority, approvals must be obtained.
Approvals must be substantiated before site drainage plans will be
approved by the County.

Subdivisions are commonly proposed within the corporate limits or
the Extra Territorial Jurisdiction (ETJ) of a city, and may be
partially in both. Also, a subdivision project area may be partially
in a city’s ETJ and extend outside of the ETJ. Under any of these
conditions stormwater facilities may be planned to discharge into
roadside ditches or watercourses that are under the jurisdiction of
Wharton County. In such circumstances County roadway facilities
may be affected within or adjacent to the project area, or
downstream thereof. For this reason the project owner/developer
(or applicant) must secure the necessary approvals by the office
of the Drainage Review Authority, or his/her designee whether
they represent the city or the county
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2. Texas Department of Transportation (TxDOT)

TxDOT Facilities

Documented Action

Any land development project that is adjacent to or astride a
highway route administered by TxDOT must be fully coordinated
with the office of the TXDOT Area Engineer or his/her designee.
All ROW and drainage easements under TxDOT jurisdiction must
be fully identified, as well as any stormwater discharge(s) received
from TxDOT facilities. Likewise any proposed discharges to
TxDOT facilities or easements must be identified in detail.

Evidence of adequate coordination with TxDOT must be provided
to the Drainage Review Authority or her/his designee.
Documentation of the necessary coordination must be to the
mutual satisfaction of the offices of the TxDOT Area Engineer and
the Drainage Review Authority. Approval of site construction
projects and final plats is subject to satisfaction of this requirement
by the project owner/developer (or applicant).

3. Lower Colorado River Authority

State Agency

Limited Role

The Lower Colorado River Authority is a State agency charged
with overall management of the water resources of the lower
portion of the Colorado River Watershed stretching from far west
Texas to the Gulf of Mexico. The Agency’s focus is on water and
sewage treatment, and electric service for communities along the
river’s route. Its mission includes development and management
of several water and flood control reservoirs.

During recent years the Agency has been given a broader role in
support of the TCEQ’s water quality mission. This largely parallels
the Agency’s other activities so it is focused on effluent point
sources like sewage treatment and industrial processing
enterprises. The Agency has no known role in reviewing or
permitting stormwater facilities proposed in land development
projects in the Wharton County. The one possible exception
would be in situations where permanent water impoundment, as
per State of Texas Water Rights Regulations, is proposed directly
on tributaries to the Colorado River. The Agency should be
contacted as early as possible if impoundment is proposed in
order to determine the extent of permitting that might be required,
if any. Any associated permitting requirements must be met by
the project owner/developer (or applicant). Documentation thereof
must be provided to the office of the Drainage Review Authority
before design plans will be accepted for construction.
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CHAPTER 2 — Hydrologic Analysis

Section 2.1 — General

Section 2.1.1 — Introduction to Hydrologic Methods

Hydrology deals with estimating flow peaks, volumes, and time distributions of storm water
runoff. The analysis of these parameters is fundamental to the design of storm water
management facilities, such as storm drainage systems and structural storm water
controls. In the hydrologic analysis of a development/redevelopment site, there are a
number of variable factors that affect the nature of storm water runoff from the site. Some
of the factors that need to be considered include:

¢ Rainfall amount and storm distribution

o Drainage area size, shape, and orientation

e Ground cover and soil type

e Slopes of terrain and stream channel(s)

e Antecedent moisture condition

o Rainfall abstraction rates (Initial and continued)

e Storage potential (floodplains, ponds, wetlands, reservoirs, channels, etc.)

o Watershed development potential

e Characteristics of the local drainage system

There are a number of empirical hydrologic methods available to estimate runoff
characteristics for a site or drainage subbasin; however, the following methods have
been selected to support hydrologic site analysis for the design methods and
procedures included in this Manual:

e Rational Method

e Clark's Unit Hydrograph Method

e SCS Unit Hydrograph Method

s Snyder's Unit Hydrograph Method

+ Small Watershed Method

e Drainage Area - Discharge Curves
These methods were selected based upon a verification of their accuracy in duplicating
local hydrologic estimates for a range of design storms throughout the state and the
availability of equations, nomographs, and computer programs to support the methods.

Table 2.1.1-1 summarizes the applicability of various hydrologic methods to Wharton
County.
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Table 2.1.1-1 Constraints on Using Recommended Hydrologic Methods

Method

Size Limitations®

Comments

Rational Method
(Section 2.1.3)

0-200 acres

Method can be used for estimating peak flows and the design of
small site or subdivision storm sewer systems.

Small Watershed Method
(section 2.1.5)

<2000 acres

Method can be used for estimating runoff volumes and hydrograph
routing for detention planning and design. Basin sizes larger than
50 acres must utilize a hydrograph routing method for final design.

Drainage Area- Discharge Curves
(Section 2.1.7)

200-2000 acres

Method can be used for estimating peak flows for smaller basins
for planning applications and comparison purposes.

Unit Hydrograph (Clark's)

Method can be used for estimating peak flows and hydrographs

(Section 2.1.4.3) > 100 acres for all planning and design applications.
Unit Hydrograph (SCS)? Any size Method can be used for estimating peak flows and hydrographs in
(Section 2.1.4.4) urbanized conditions
Unit Hydrograph (Snyder’s)** >100 acres Method can be used for estimating peak flows and hydrographs
(Section 2.1.4.5) with approval of Drainage Review Authority.
Detention Factor Method can be used for estimating detention volumes for basins of
0-50 acres
(Section 4.4.2) 50 acres or less.
Method can be used for determining losses in connection with Unit
%’eetp an2d ]_Ailni)t Loss Method > 640 acres Hydrograph Methods for larger watersheds in the San Bernard
(Section 2.1.4.1) watershed.
Method can be used for determining losses in connection with Unit
SCS Loss Method Anv Size Hydrograph Methods for smaller watersheds throughout the
(Section 2.1.4.1) Y County and for larger Watersheds in the western portion of the
County.
TXDOT Regression Equations4 10 to 100 mi Method can be used for estimating peak flows for rural design

(Section 2.1.7)

applications for comparison purposes only.

! Size limitations refer to the drainage basin for the storm water management facility (e.g. culvert, inlet). These do not necessarily

apply to master drainage plans.

% This refers to SCS routing methodology included in many readily available programs (such as HEC-HMS or HEC-1) that utilize this

methodology.

® This refers to the Snyder's routing methodology included in many readily available programs (such as HEC-HMS or HEC-1) that

utilize this methodology.

4 Use only with approval of Drainage Review Authority.

If other hydrologic methods are to be considered and used by a local review authority or
design engineer, the method should first be calibrated to local conditions and tested for
accuracy and reliability. If local stream gage data are available, these data can be used to
develop peak discharges and hydrographs. The user is referred to standard hydrology
textbooks for statistical procedures that can be used to estimate design flood events from
stream gage data.

Note: It must be realized that any hydrologic analysis is only an approximation. The
relationship between the amount of precipitation on a drainage basin and the amount of
runoff from the basin is complex and too little data are available on the factors influencing
the rainfall-runoff relationship to expect exact solutions.

Section 2.1.2 — Rainfall Estimation

The first step in any hydrologic analysis is an estimation of the rainfall that will fall on the
site for a given time period. The amount of rainfall can be quantified with the following
characteristics:

Duration (hours) - Length of time over which rainfall (storm event) occurs

Depth (inches) - Total amount of rainfall occurring during the storm duration
Intensity (inches per hour) - Depth divided by the duration

28



The Frequency of a rainfall event is the recurrence interval of storms having the same
duration and volume (depth). This can be expressed either in terms of exceedance
probability or return period.

Exceedance Probability - Probability that a storm event having the specified
duration and volume will be exceeded in one given time period, typically in years

Return Period - Average length of time between events, which have the same
duration and volume

Thus, if a storm event with a specified duration and volume has a 1% chance of occurring
in any given year, then it has an exceedance probability of 0.01 and a return period of 100
years.

The statistical point rainfall data has been obtained from the Atlas of Depth-Duration
Frequency of Precipitation Annual Maxima for Texas, USGS Scientific Investigation
Report 2004-5041, Asquith 2004. The rainfall depths vary spatially throughout Wharton
County and generally increase from north to south. The rainfall depths were determined
with the aid of a computational procedure, developed by Asquith, to determine the
statistical point rainfall values for each sub-basin. These point rainfall values were then
reduced based on storm area reductions. For a general idea of the rainfall depths being
considered, a central location in the county (29°18°30.67” latitude and 96°6’13.72”
longitude) was used to determine the statistical point rainfall values shown in Table 2.1.2-
1. Rainfall hyetographs for Wharton County may be developed using either the SCS Type
Il rainfall distribution or "Alternating Block" method to develop frequency rainfall patterns
for the 2-, 5-, 10-, 25-, 50-, 100-, 250-, and 500-yr events.

Table 2.1.2-1: Frequency Rainfall Depths for Central Wharton County

Recurrence Interval (years)
Duration 2-yr | 5-yr | 10-yr \ 25-yr | 50-yr \ 100-yr | 250-yr \ 500-yr
Duration | (hours) Depth (inches)

5 min 0.08 0.80 1.07 1.25 1.47 1.66 1.85 2.11 2.33
15 min 0.25 111 1.42 1.62 1.88 2.09 231 2.61 2.86
30 min 0.50 1.57 1.94 2.18 2.50 2.74 3.00 3.36 3.65
60 min 1.00 1.97 2.55 2.94 3.48 3.93 4.43 5.16 5.78
2 hr 2.00 2.51 3.26 3.77 4.48 5.07 571 6.66 7.46
3hr 3.00 2.59 3.48 4.13 5.06 5.87 6.79 8.20 9.45
6 hr 6.00 3.06 4.22 5.12 6.48 7.71 9.16 11.50 13.67
12 hr 12.00 3.42 4.71 5.71 7.23 8.60 10.21 12.82 15.23
24 hr 24.00 3.98 5.73 7.08 9.13 10.98 13.16 16.69 19.94
2 day 48.00 4.71 6.69 8.11 10.04 11.58 13.2 15.49 17.34
3 day 72.00 4.88 6.94 8.41 10.42 12.02 13.71 16.09 18.01

The point rainfall values can be reduced with the areal reduction analysis within HEC-
HMS. This areal reduction analysis utilizes the TP-40 areal reduction curves developed
by the National Weather Service. It was assumed that these TP-40 curves would be
adequate for reducing the USGS point rainfall values, as the only known areal reduction
method developed by the USGS is only applicable to the SCS 24-hr hypothetical storm.
The storm duration for any hydrologic analysis should be at least longer then the time of
concentration of the watershed. Figure 2.1.2-1 presents a set of rainfall intensity curves
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which were developed by plotting intensities based on the rainfall depths presented in
Table 2.1.2-1 and manually smoothing these plots as described in the previously
mentioned 2004 report by USGS. These curves should be used for future hydrologic
studies within Wharton County.
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Figure2.1.2-1

Rainfall Intensity/Duration Curves for Wharton County, Texas
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Section 2.1.3 — Rational Method

Section 2.1.3.1 = Introduction

An important formula for determining the peak runoff rate is the Rational Formula. It is

characterized by:
o Consideration of the entire drainage area as a single unit

¢ Estimation of flow at the most downstream point only

¢ The assumption that rainfall is uniformly distributed over the drainage area and is
constant over time

The Rational Formula adheres to the following assumptions:

o The predicted peak discharge has the same probability of occurrence (return
period) as the rainfall intensity (1)

o The runoff coefficient (C) is constant during the storm event
When using the Rational Method some precautions should be considered:

¢ In determining the C value (runoff coefficient based on land use) for the drainage
area, hydrologic analysis should take into account any future changes in land
use that might occur during the service life of the proposed facility.

e Since the Rational Method uses a composite C and a single tc value for the
entire drainage area, if the distribution of land uses within the drainage basin will
affect the results of hydrologic analysis (e.g., if the impervious areas are
segregated from the pervious areas), then the basin should be divided into sub-
drainage basins.

e The charts, graphs, and tables included in this section are given to assist the
engineer in applying the Rational Method. The engineer should use sound
engineering judgment in applying these design aids and should make
appropriate adjustments when specific site characteristics dictate adjustments
are appropriate.

Section 2.1.3.2 — Application

The Rational Method can be used to estimate storm water runoff peak flows for the design
of gutter flows, drainage inlets, storm drainpipe, culverts, and small ditches. It is most
applicable to small, highly impervious areas. The recommended maximum drainage area
that should be used with the Rational Method is 200 acres.

The Rational Method should not be used for storage design or any other application
where a more detailed routing procedure is required. However, the Small Watershed
Method is used by some for design of small detention facilities, so the method has been
included in Subsection 2.1.7.

Caution should be used in applying the Rational Method for analysis or design of bridges,

culverts, or storm sewers that may act as restrictions causing storage, which could impact
the peak rate of discharge.
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Section 2.1.3.3 — Equations

The Rational Formula estimates the peak rate of runoff at any location in a watershed as a
function of the drainage area, runoff coefficient, and the mean rainfall intensity for a
duration equal to the time of concentration, t. (the time required for water to flow from the
most remote point of the basin to the location being analyzed).

The Rational Formula is expressed as follows:

Q:=CIA (2.1.1)
where:

Q = maximum rate of runoff (cfs)

C =runoff coefficient representing a ratio of runoff to rainfall

| = average rainfall intensity for a duration equal to the t. (in/hr)
A =drainage area contributing to the design location (acres)

The coefficients given in Table 2.1.3-2 are applicable for storms with return periods less
than or equal to 10 years. Less frequent, higher intensity storms may require modification
of the coefficient because infiltration and other losses have a proportionally smaller effect
on runoff (Wright-McLaughlin Engineers, 1969). The adjustment of the Rational Method for
use with major storms can be made by multiplying the right side of the Rational Formula
by a frequency factor C;. The Rational Formula now becomes:

Q:=CCIA (2.1.2)

The C; values that can be used are listed in Table 2.1.3-1. The product of C; times C shall
not exceed 1.0.

Table 2.1.3-1 Frequency Factors for Rational Formula
Recurrence Interval (years) Cq

10 or less 1.0

25 1.1

50 1.2

100 1.25
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TABLE 2.1.3-2
RATIONAL METHOD RUNOFF COEFFICIENTS FOR 5-
10 YEAR FREQUENCY STORMS

Runoff Coefficients
Description of Area for Basin Slopes

Less than 1% 1% - 3.5% 3.5% - 5.5%

Residential Districts
Single Family Areas

(Lots greater than 1/2 acre) 0.30 0.35 0.40
Single Family Areas
(Lots 1/4-1/2 acre) 0.40 0.45 0.50
Single Family Areas
(Lots less than.1/4 acre) 0.50 0.55 0.60
Multi-Family Areas 0.60 0.65 0.70
Apartment Dwelling Areas 0.75 0.80 0.85
Business Districts
Downtown Areas 0.85 0.87 0.90
Neighborhood Areas 0.75 0.80 0.85
Industrial Districts
Light Areas 0.50 0.65 0.80
Heavy Areas 0.60 0.75 0.90
Railroad Yard Areas 0.20 0.30 0.40
Parks, Cemeteries 0.10 0.18 0.25
Playgrounds 0.20 0.28 0.35
Streets
Asphalt 0.80 0.80 0.80
Concrete 0.85 0.85 0.85
Drives and Walks
(Concrete) 0.85 0.85 0.85
Roofs 0.85 0.85 0.85
Lawn Areas
Sandy Soil 0.05 0.08 0.12
Clay Soil 0.15 0.18 0.22
Undeveloped Areas
Sandy Soil
Woodlands 0.15 0.18 0.25
Pasture 0.25 0.35 0.40
Cultivated 0.30 0.55 0.70
Clay Soil
Woodlands 0.18 0.20 0.30
Pasture 0.30 0.40 0.50
Cultivated 0.35 0.60 0.80
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Section 2.1.3.4 — Time of Concentration

Use of the Rational Formula requires the time of concentration (t.) for each design point
within the drainage basin. The duration of rainfall is then set equal to the time of
concentration and is used to estimate the design average rainfall intensity (I). The time of
concentration consists of an overland flow time to the point where the runoff is
concentrated or enters a defined drainage feature (e.g., open channel) plus the time of
flow in a closed conduit or open channel to the design point.

Table 2.1.3-3 - Minimum Times of Concentration

Land Use Minimum (minutes)
Residential Development 15
Commercial and Industrial 10
Central Business District 10
Rural/Agricultural 20

The time of concentration (T.) is the longest time of travel for water to flow from the
upstream portion of the sub-basin to the downstream point of design. Typical site
conditions will dictate that T. is the minimum time to inlet per Table 2.1.3-3. In special
cases, T. in excess of those presented in Table 2.1.3-3 may be calculated with the
following procedure and such calculations and flow paths should be included with the data
submitted for review by the Drainage Review Authority. The procedures specified herein,
are from NRCS TR-55, Urban Hydrology for Small Watersheds.

In using the calculated procedure for determining T. the following issues shall be
considered. First, care shall be taken to ensure that the longest time of travel chosen is
characteristic of the overall drainage within the sub-basin. Second, the interface between
overland flow and shallow concentrated flow shall be carefully evaluated considering
shallow concentrated flow paths on lawns, in swales, between structures, etc.

T. is composed of four basic components, overland flow, shallow concentrated flow,
channelized flow to inlet, and channelized flow downstream of the inlet to the point of
design. Either this method or the minimum time to inlet must be used when determining T,
downstream of an inlet. Time of concentration at a design point is calculated as:

T, =Ty +T,+T, +T,

where:
T. = Time of concentration, minutes (min);
To = Overland flow travel time, min;
Ts = Shallow concentrated flow travel time, min;
T, = Channelized flow travel time to inlet, min; and
T = Channelized flow time of travel downstream of inlet to the design
point, min.
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Overland Flow

The time of travel for the overland flow component (To) is computed using Manning’s
kinematic solution:

0.8
T, =042 MD)

20.580.4
where:
To = Overland flow time of travel, min;
n = Manning’s coefficient for sheet flow;
L = Flow length, feet (ft);
R,= 4.9 inches which is the 2-year, 24-hour rainfall; and
S = Slope of the hydraulic grade (assume it is equal the ground

slope), ft/ft.

Manning’s coefficient (n) for overland flow is based on soil cover. Values for n are
presented in Table 2.1.3-4. Overland flow length (L) is based on City topographic maps (or
more detailed site survey data) for pre-project conditions and proposed grading plan for
post project conditions. L shall not exceed the lengths presented in Table 2.1.3-5. Larger L
values for undeveloped and agricultural land use can be used for undeveloped pre-project
conditions. The 300 feet maximum is set because after that distance, the flow is usually
considered shallow concentrated flow.

Table 2.1.3-4
Manning’s n for Overland Flow
Soil Cover n Value
Undeveloped - Cultivated soil, dense grass, range, 0.24 - 0.410
or woods
Developed - Lawns, dense grass, or woods 0.240
Concrete, asphalt, gravel, or bare soil 0.011

Shallow Concentrated Flow

Overland flow becomes shallow concentrated flow in reels, shallow gullies, or swales,
such as those between houses or businesses. Such flow in undeveloped areas extends
from the overland flow to a stream as defined on the most detailed topographic maps
available. In developed areas, shallow concentrated flow extends from the overland flow to
the curb. Flow in a gutter shall be treated as channelized flow. Areas with shallow
concentrated flow with varying slopes or soil surfaces can be broken down into segments
to better estimate the travel time. The total time of travel of the shallow concentrated flow
is the sum of the times of travel for each segment.

36



Table 2.1.3-5
Maximum Overland Flow Lengths

Land Use Maximum L (ft)
Undeveloped, agricultural* 300
Parks, permanent open space, playgrounds 60
Single family residential (less than 3 lots per acre) 50
Single family residential, schools 40
Multi-family residential, commercial, industrial, 20
manufacturing
Central business district (CBD), strip centers 10

* This length is a minimum, unless there is a defined stream on detailed
topographic maps. An undeveloped site can assume a minimum time of
concentration at 20 minutes with a run-off coefficient of 0.20. (For events of 10
years or less, see Table 2.1.3-1).

Shallow concentrated flow is characterized by the soil cover as either paved or unpaved.
The flow velocity is calculated using the following formula:

V, = KS®®

where:
Vs = Average velocity of flow, fps;
K = 16.1 for unpaved and 20.3 for paved soil cover; and
S = Slope of the watercourse, ft/ft.

The time of travel for shallow concentrated flow is calculated as:

where:
Shallow concentrated flow travel time, min;
Flow length, ft; and

Ts
L
Vs = Average velocity of flow, fps.

Channelized Flow

Channelized flow is drainage in gutters, storm drains, channels, and streams. Generally, in
the analysis of channelized flow it is necessary to breakdown the flow into a series of
reaches, each reach having its own characteristics, to better estimate the travel time. The
total time of travel of the channelized flow is the sum of the times of travel for each
segment. Flow velocities are calculated using the Manning equation with Q, for the 2-year
flood.

For natural and constructed channels and street gutters, the velocity (V,) may be

calculated by assuming uniform bank full flow. For closed conduit systems on flat grades
not being hydraulically analyzed for the project, it may be reasonable to calculate V,
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assuming uniform half-full flow. After computing the velocity, the time of travel for
channelized flow is calculated with the following equation:

where:
T, = Channelized flow travel time, min;
L = Flow length, ft; and
V,, = Average velocity of flow, fps.

Flow through ponds or lakes and where the calculated velocity for channelized
flow for post project conditions is less than 3 fps, then the flow should be
assumed to travel at wave celerity:

Th=c= (g dn)**

where:
¢ = Wave celerity, fps;
g = 32.2 = Acceleration of gravity, feet per second per second
(ft/sec?); and
dm = Average depth of flow, ft.

Time to Inlet

The time to inlet is the time of travel of the water flow to the inlet considering overland flow,
shallow concentrated flow, and channelized flow. Minimum times of travel to the inlet are
specified in Table 2.1.3-3. These minimum times to inlet may be used for T, at inlets in lieu
of calculating T, for post project conditions. However, the calculated time to inlet shall be
used when determining T, downstream of an inlet.

For undeveloped pre-project conditions, T, shall always be calculated and overland flow
shall be assumed to occur for the first 300 feet of flow, unless there is a defined stream
depicted on detailed topographic maps. If the calculated T, is less than 20 minutes, then
the 20-minute minimum time to inlet shall apply. This 20-minute minimum time to inlet shall
only be used for undeveloped pre-project conditions.

Time of Travel

T, for design points downstream of inlets shall be calculated using the time to inlet (i.e.,
the calculated T., minimum times to inlet shall not be used) plus the time of travel (T, of
the flow through the channelized flow segments downstream of the inlet. For small
drainage systems with short times of travel, the channelized flow segments downstream of
the inlet for post project conditions may be neglected for design purposes. Time of travel
(Ty downstream of inlets shall be computed using the hydraulic procedures as previously
specified for channelized flow (T).

38



Section 2.1.3.5 — Rainfall Intensity (1)

The rainfall intensity (1) is the average rainfall rate in in/hr for a duration equal to the time
of concentration for a selected return period. (Intensity equals depth divided by duration.)
Once a particular return period has been selected for design and a time of concentration
calculated for the drainage area, the rainfall intensity can be determined from Rainfall-
Intensity-Duration data given in the rainfall values in Figure 2.1.2-1.

Section 2.1.3.6 — Runoff Coefficient (C)

The runoff coefficient (C) is the variable of the Rational Method least susceptible to
precise determination and requires judgment and understanding on the part of the design
engineer. While engineering judgment will always be required in the selection of runoff
coefficients, typical coefficients represent the integrated effects of many drainage basin
parameters. Table 2.1.3-2 gives the recommended runoff coefficients for the Rational
Method.

It is often desirable to develop a composite runoff coefficient based on the percentage of
different types of surfaces in the drainage areas. Composites can be made with the values
from Table 2.1.3-2 by using percentages of different land uses. In addition, more detailed
composites can be made with coefficients for different surface types such as rooftops,
asphalt, and concrete streets and sidewalks. The composite procedure can be applied to
an entire drainage area or to typical "sample” blocks as a guide to the selection of
reasonable values of the coefficient for an entire area.

It should be remembered that the Rational Method assumes that all land uses within a
drainage area are uniformly distributed throughout the area. If it is important to locate a
specific land use within the drainage area, then another hydrologic method should be used
where hydrographs can be generated and routed through the drainage system.

It may be that using only the impervious area from a highly impervious site (and the
corresponding high C factor and shorter time of concentration) will yield a higher peak
runoff value than by using the whole site. This should be checked particularly in areas
where the overland portion is grassy (yielding a long t;) to avoid underestimating pe