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ESPEY, HUSTON & ASSOCIATES, INC.

1.0 INTRODUCTION

1.1 PURPOSE

The purpose of this drainage manual is to supplement the City of Longview Master
Drainage Plan with established drainage design procedures and standards for drainage areas of less
than 100 acres. The Master Drainage Plan addresses the complexities and maintenance of areas
draining more than 100 acres and should be referred to where applicable. In areas with contributing
drainage basins greater than 100 acres and with a FEMA designated flood zone, all construction
activity is subject to the City of Longview Flood Hazard Ordinance.

Methods of design other than those indicated herein may be considered in cases where

experience clearly indicates they are preferable. However, there shall be no variations from the

practices established herein without the approval of the Office of the City Engineer.

12010900131 ‘ 1-1
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GENERAL DRAINAGE POLICY

The following policies apply to all drainage design and construction carried out within

the jurisdiction of the City of Longview:

12016/500131

Acceptance of the design (e.g., size, type, and location) of all storm drainage

facilities in the City of Longview is subject to the approval of the Office of the

' City Engineer.

The criteria/guidelines presented in this manual are minimum requirements.

The developer and his engineer shall bear responsibility for the adequacy of
design. City of Longview approval of a given drainage facility in no way relieves

the developer and his engineer of their responsibility,

Prior to the design of any channel improvement, storm sewer, stormwater
detention facility, or other drainage feature, the Office of the City Engineer shall
be consulted regarding preferred flood control strategies for the watershed(s)

within which the alierations are to occur.

All drainage structures or improvements in the City of Longview shall be
designed to properly accommodate the runoff from a storm event with a mean
recurrence interval of 100-years. Watershed development conditions used for
drainage design purposes shall reflect ultimate (future) conditions except that the
minimum developrﬁent condition will reflect SF-4 Zoning Conditions (S units per

acre) that are equivalent to a ration method C-factor of 0.70.

An approved site development permit and plan are required prior to clearing for

the purpose of construction on any lot or development.

Plans for sedimentation and erosion control shall be submitted as specified in

Section 3.3.

21



ESPEY, HUSTON & ASSOCIATES, INC.

8. If downstream drainage improvements as specified in the Longview Master
Drainage Plan have been built or approved and funded, stormwater detention will
be necessary when proposed development conditions require a rational method
C-factor in excess of 0.70. Detention facilities must be designed so as to reduce
the 5-year, 25-year, and 100-year peak flow rales to the level of watershed
development equivalent to a C-factor of 0.70. If downstream drainage
improvements as specified in the Longview Master Drainage Plan have not been
built or approved and funded, detention must be provided to assure that the
proposed conditions peak flow rates will not exceed the existing conditions peak

flow rates for the 5-year, 25-year, and 100-year storm events.
2.1 CRITERIA FOR CONSTRUCTION IN A FLOODPLAIN

An Area of Special Flood Hazard is defined as the land in the floodplain within a
community subject to a one percent or greater chance of flooding in any given year. This area has
been identified by the Federal Emergency Management Agency (FEMA) on its Flood Hazard
Boundary Map, Community No. 480264, dated January 17, 1990 (revised). However, most of the
floodplain informalion contained in this FEMA report is considerably dated (circa 1970) and shall
be used with caution. Flood elevation determinations have been made in conjunction with the City
of Longview Master Drainage Study (1990) and can be obtained from the Office of the City

Engineer.

All construction or construction-related activity which is proposed to take place in a
special flood hazard area shall be subject to the following specifications, and shall also conform to

all requirements of the City of Longview Flood Hazard Ordinances (Nos. 1882 and 1902):

1. There shall be no increase in the elevation of flow on any property upstream,
downstream, or on the opposite bank from the proposed site caused by
construction activity in the floodplain. The floodplain is defined as the special
flood hazard area as defined above, The property owner/developer shall be
required to provide a technically acceptable analysis (such as a backwater

analysis) that this restriction has not been or will not be violated.

12010500131 2-2



ESPEY, HUSTON & ASSOCIATES, INC.

2. Any increase in mean stream flow velocity shall be limited so as not to exceed
the open channel velocity limitations delineated in Table 5-1 of this manual. In
addition, there shall be no increase in erosional potential or activity on any
property upstream, downstream, or on the opposite bank from the proposed site
caused by construction activity in the floodplain. The owner/developer shall be
required to provide a technically acceptable analysis (such as a backwater and

soils analysis) that this restriction has not been violated.

2.2 REQUIRED TECHNICAL INFORMATION TO BE SUBMITTED FOR CITY
REVIEW

All plans will be prepared under the supervision of a registered professional engineer
licensed to practice in the State of Texas, The engineer shall affix his seal and signature to each

plan sheet and any reports or calculations submitted to support the plans.

Prior to any land disturbance activity associated with proposed changes to the nature
or character of a parcel of land, the engineer/developer shall be required to submit for City review
appropriate hydraulic and hydrologic design calculations and technical information. This includes

at a minimum:

e HYDROLOGIC DESIGN

1. Atopographic drainage area map with all drainage areas and flow rate calculation

points delineated.

2. A completed copy of Table 4-3, "Design Flow Calculations Summary Table," for

all flow rate calculation points described in Item 2.

12010/900131 2-3
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ESPEY, HUSTON & ASSOCIATES, INC.

OPEN CHANNEL DESIGN

A topographic map of the subject drainage basin showing proposed drainage

areas and proposed channel locations.

Design flow rate calculations carried out as described in Section 4.0 of this
manual. See Table 4-2.

For design using the Manning Equation, a listing of the following parameters:
- flow depth (ft)

- channel slope (fi/ft)

- channel flow (cfs)

- Manring’s "n" value

- channel sideslopes (H:V)

- . channel bottom width (ft)

For design using HEC-2:

- output listing of computer run

Existing and proposed typical channel cross-sections with their locations

delineated on the drainage map.

CULVERT DESIGN

Calculations used to determine the design discharge for the culvert(s).

A summary table delineating design flow rate, culvert length, culvert slope,

_ allowable headwater depth, tailwater depth, selected culvert type and size, flow

velocity at culvert outlet, and designation of inlet or outlet control. See standard

reporting sheet - Figure 7-1.

2-4
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STORM SEWER DESIGN

A contour and drainage area map showing the proposed development, including
storm sewer locations, inlet locations and drainage areas contributing to each

inlet.

A table summarizing drainage area, time of concentration, assumed C value,
design discharge (inlet intake), and size and number of inlets for each inlet(s)

location and its contributing drainage area.

If storm sewer hydraulic design is carried out by hand, calculations of HGL
profile including pipe friction and junction losses. If storm sewer design is
carried out with a computer pipe model, a listing of the model output. Storm
sewer plans submitted to the City Engineer for review shall have the HGL
plotied on the profile.

STORMWATER STORAGE FACILITY DESIGN

Rational method calculations for the 5-, 25- and 100-year pre-development and

post-development condition flows.
The HEC-1 output utilized for final design.
Calculations used to determine outflow structure rating curves.

LAND DISTURBANCE ACTIVITY

A sequence of development showing which phases of construction will be done
at which time, and what specific controls are required during each phase of the

development. In all cases, erosion controls must be in place prior to the start of

~ any land disturbance activity.

16
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A schematic representation of each control strategy required in the engineer’s
plan, with adequate dimensions and references to the specific detzil in the
standards contained in the City of Longview Standard Specifications Manual so

that feature can be built as intended.

Approved areas for construction traffic, parking, vehicular maintenance, and, if

appropriate, vehicle washing.

Temporary spoils storage areas, including size, time of use, and ultimate

restoration schedules.

Permanent spoils disposal areas, including size, depth of fill, and restoration
procedures.

Contour maps showing lightly dashed lines for existing contours and solid lines

for proposed contours, with each having a contour interval of two feet.

Restoration plans for all disturbed areas on the site that will include, as a

minimum:

(a) seed type and rate of application,

(b) mulch type and rate of application,

(c} application technique,

(d) sod type,

(e) maintenance requirements for each specific area,

(f)  contingency plan, if delays in construction upset the proposed timetable,
(g) whether the restoration is of a permanent or temporary nature,

(h) landscaping plan using a mixture of grasses, forbes and woody plants.

(i} method for stockpiling and reuse of topsoil excavated from site.

Specific locations where special slope stabilization techniques are to be utilized

and the extent of the slope stabilization to take place.

2-6
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The identify of the person or firm who will be responsible for the maintenance

of each sedimentation/erosion control scheme being used on the project.

A clear definition of criteria to be utilized in determining when acceptable

restoration has taken place.
The location of any detention ponds on the construction site.

The location of any sedimentation or filtration ponds to be constructed on the

site.

The name and phone number of the designated representative for the
owner/engineer who will have the authority to make appropriate changes to the

sedimentation/erosion plan, it if is discovered 1o be inadequate,

The length of time between start of rough-cutting and complete restoration may
not exceed 12 months. If an applicant does not meet this deadline, the Office of
the City Engineer will notify the applicant in writing that the City may complete
the stabilization of disturbed areas at the applicant’s expense, unless the applicani
does so within 30 days of the day of notice, or unless the applicant provides
acceptable erosion/sedimentation controls and the continuing maintenance

thereof, acceptable to the Office of the City Engineer.

The owner/engineer shall conduct ongoing inspections of all
erosion/sedimentation control methodologies and direct the person or firm
responsible for the maintenance to make any repairs or modifications necessary

to assure continued effective operation of each methodology.

No clearing or rough-cutting shall be permitted prior to final approval of the
plan.

16
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No clearing or rough-cutting for purposes other than those set out above, or for
construction of temporary erosion and sedimentation controls, as per approved

plan, shall be permitted until those controls are in place.

CONSTRUCTION IN A SPECIAL FLOOD
HAZARD ZONE

Hydraulic calculations and/or computer runs proving no increase of flood
elevation greater than 1.0 foot resulling from construction activity in the
"ficodplain” and no increase of flood elevation whatsoever resulting from

construction activity in the "floodway".

Landscaping plan specifying plans for erosion control on cut and £ill slopes and

restoration of excavated areas.

The Office of the City Engineer may require additional technical backup information.

TOOLS AVAILABLE FOR COMPLIANCE WITH CITY OF LONGVIEW
DPRAINAGE DESIGN REQUIREMENTS

Provided with this manual is a floppy disk containing several simple hydraulic routines.

These easy-to-use, interactive programs will serve to greatly facilitate the engineering design process.

Each is referenced in the appropriate sections of this manual and the design engineer is encouraged

to utilize them.

The hydraulics library can be invoked by typing HYDROLIB. The user will then see

a menu from which to select the appropriate routine. The menu will appear as follows:

12010/200131

s

Slope of hydraulic grade line
Junction and bend losses
Normal depth in non-circular channel

Normal depth in circular channel

2-8
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5.  Detention facility design
6. Exit

Routine #1, "Slope of Hydraulic Grade Line", will calculate the friction slope of the

HGL assuming pressure flow conditions in a pipe conduit (storm sewer). Its iechnical basis and

appropriate application are referenced and explained in Section 6.0, "Inlets and Storm Sewers".

Routine #2, "Junction and Bend I osses”, utilizes an equation developed by the City of
Los Angeles, Bureau of Engineering, Storm Drain Design Division (1968) to calculate head losses
at junctions and bends in a storm sewer system. The technical basis for this methodology and its

appropriate application are discussed in Section 6.6 (Step 5) of this manual.

Routine #3, "Normal Depth in Non-Circular Channel", carries oul an iterative solution

of Manning’s Equation for uniform flow to determine depth, velocity, Froude Number, velocity head
and specific energy in a trapezoidal channel flowing at normal depth (uniform flow). This routine

is referenced and recommended for use in several sections of this manual.

Routine #4, "Norma! Depth in Circular Channel", carries out an ilerative solution of
Manning’s Equation for uniform flow as described above, except that the channel is a circular pipe

conduit. This routine is referenced and recommended for use in several sections of this manual.

Routine #5, "Detention Facility Design”, incorporates the U.S. Corps of Engineers
hydrologic analysis program, HEC-1, to perform a simple hydrograph determination in a small
subarea and to route the hydrograph through a detention facility of known configuration. This easy-

to-use, interactive application of HEC-1 will insure proper design of stormwater detention facilities.

12010/00131 2-9
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3.0 SEDIMENTATION AND EROSION

One of the most significant impacts associated with urbanization of undeveloped areas
is an unhealthy acceleration of the natural processes of erosion and sedimentation. This impact is
experienced primarily for two reasons. First, increased impervious cover and drainage efficiency in
developed areas yield increased peak runoff flow rates and more frequent erosive velocities in
natural channels. Second, earth disturbance associated with construction activity typically exposes

unproiected soils to washoff and deposition in receiving waters and impoundments.

This section will present City of Longview sedimentation and erosion protection

requirements for both temporary and permanent erosion control applications.

31 TEMPORARY EROSION PROTECTION - LAND DISTURBANCE/
CONSTRUCTION SITES

Erosion and sedimentation prevention at excavation and/or embankment sites calls for
temporary measures to be implemented during the project duration and until the disturbed area is

adequately stabilized. There are a great many acceptable approaches available for providing

adequate protection. This subsection will describe those methods recommended by the City of .

Longview. Use of other strategies is acceptable pending approval from the Office of the City
Engineer. Design criteria and standard specifications for implementation of erosion and
sedimentation controls is presented in the City of Longview publication, "Standard Specifications
Manual." In all cases, erosion control aeasures must be in place prior to the start of any land or

structure disturbance activity.
It is suggested the engineer consult SCS publication, "Erosion and Sediment Control

Guidelines for Developing Areas in Texas," (SCS, 1976) for guidance with respect to proper

procedures.

12010900131 3-1
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3.11 General Desipn Considerations for Land Disturbance Sites

Adherence to the following general design considerations will serve to minimize erosion

and sedimentation impacts at land disturbance/construction sites.

- Limit the size of disturbed areas to the greatest extent possible

- Stabilize disturbed areas as soon as possible

- Minimize runoff velocities .

- Protect steep areas and disturbed areas from upstream runoff

- Capture sediment at the project site

- Promote sheet flow as opposed to channelized or gulley flow to the extent
possible

- Preserve and protect existing vegetation to the extent possible

312 Listing of Acceptable Strategies

3.1.2.1 Diversion Dike -

A diversion dike is a temporary ridge of compacted soil immediately above cut or fill
slopes and constructed with sufficient grade to provide drainage. The purpose of a diversion dike
is to intercept storm runoff from small upland areas and divert it from exposed slopes to an
acceptable outlet. The diversion dike is used for the period of construction at the top of newly
constructed slopes to prevent excessive erosion until permanent drainage features are installed

and/or slopes are stabilized.
3122 Interceptor Dike

An interceptor dike is a temporary ridge of compacted soil, located across disturbed
areas or rights-of-way. The purpose of an interceptor dike is to shorten the length of exposed

slopes, thereby reducing the potential for erosion, by intercepting storm runoff and diverting it to

a stabilized outlet or sediment trapping device.

12010/900131 3-2
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Interceptor dikes are constructed across disturbed rights-of-way such as for utility lines
and streets or disturbed areas such as graded parking lots or landfills. The dikes should remain in
place until the disturbed areas are permanently stabilized,

3.1.23 Perimeter Dike

A perimeter dike is a temporary ridge of compacted soil located along the perimeter
of the site or disturbed areas. The purpose of a perimeter dike is to prevent offsite storm runoff
from entering the disturbed area and to prevent sediment-laden storm runoff from leaving the

construction site or disturbed area.

The perimeter dike is used for the period of construction at the perimeter of the
disturbed area to transport sediment laden water to a sediment trapping device such as a sediment
trap or sediment basin. This dike shall remain in place until the disturbed area is permanently
stabilized. The storm runoff prevented from entering the disturbed area by the perimeter dike shall
be adequately handled to prevent damage due 1o flooding or erosion to adjacent property.

3.1.24 Hay Bale Dike
A hay bale dike is a temporary barrier constructed with hay bales with a life expectancy
of 3 months or less, installed across or at the toe of a slope. The purpose of a hay bale dike is to

intercept and detain small amounts of sediment from unprotected areas of limited extent.

The hay bale dike is used where:

1.  No other practice is feasible, and

2.  ‘There is no concentration of water in a channel or other drainageway above the
barrier, and

3. Erosion would occur in the form of sheet and rill erosion, and

4,  Contributing drainage area is less than one-half acre and the length of slope

above the dike is less than 100 feet. The practice may also be used for a lone,
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single-family lot if the slope is less than 15 percent. The contributing drainage
area in this instance shall be less than 1 acre and the length of slope above the
dike shall be less than 200 feet.

3.1.25 Rock Berm

A rock berm is a temporary berm constructed of open graded rock installed at the toe
of a slope, the perimeter of a developing area, or across a small drainage channel. The purpose of
a rock berm is to intercept sediment-laden water from unprotected areas, detain the sediment and

release the water (in sheet flow for perimeter applications).
The rock berm is used where:

1. There is an adequate source of rock on or near the site, and

2.  The contributing drainage area is less than 5 acres.
3.1.2.6 Silt Fence

A silt fence is a temporary barrier fence made of burlap or polypropylene material
which is water permeable but will trap water-born sediment. The purpose of a silt fence is to

intercept and detain water-borne sediment from unprotected areas of limited extent.

Silt fence is used during the period of construction near the perimeter of a disturbed
area to intercept sediment while allowing water to percolate through. This fence shall remain in
place until the disturbed area is permanently stabilized. Silt fence should not be used where there

is a concentration of water in a channel or other drainageway.
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3.1.2.9 Interceptor Swale

An interceptor swale is a temporary excavated drainageway located across disturbed
arcas or rights-of-way, The purpose of an interceptor swale is to shorten the length of exposed
slopes, thereby reducing the potential for erosion, by intercepting storm runoff and diverting it to

a stabilized outlet or sediment trapping device.

Interceptor swales are constructed across disturbed rights-of-way, such as for pipe lines
and streets or disturbed areas such as graded parking lots or land fills. The swale shall remain in
place until the disturbed areas are permanently stabilized.

3.1.2.8 Perimeter Swale

A perimeter swale is a temporary excavated drainageway located along the perimeter

of the site or disturbed areas. The purpose of a perimeter swale is to prevent offsite storm runoff

from entering the disturbed area and to prevent sediment-laden storm runoff from leaving the

construction site or disturbed area,

The perimeter swale is used for the period of construction at the perimeter of the
disturbed area to transport sediment-laden water to a sediment trapping device such as a sediment
trap or sediment basin, This swale shall remain in place until the disturbed area is permanently
stabilized. The perimeter swale also is used to prevent storm runoff from entering the disturbed
area, This runoff shall be adequately handled to prevent damage due to flooding or erosion to

adjacent property.
3.1.29 Sediment Basin

A sediment basin is a temporary barrier or dam constructed across a waterway or at
other suitable locations 1o intercept sediment-laden runoff and to trap and retain the sediment. This
standard applies to the installation of temporary sediment basins on sites where: (1) failure of the

structure would not result in loss of life, damage to homes or buildings, or interruption of use or
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service of public roads or utilities; (2) the drainage area does not exceed 100 acres, and (3) the basin

is to be removed within 36 months afier the beginning of construction of the basin.

The purpose of a sediment basin is to intercept sediment-laden runoff and reduce the
amount of sediment leaving the disturbed area in order to protect drainage ways, properties, and

rights-of-way below the sediment basin from siltation.

A sediment basin applies where physical site conditions or land ownership restrictions
preclude the installation of erosion control measures {o adequately control runoff, erosion, and
sedimentation. It may be used below construction operations which expose critical areas to soil
erosion. It rémains in effect until the disturbed area is protected against erosion by permanent

stabilization.
3.1.2.10 Sediment Trap

A sediment trap is a small temporary basin formed by excavation and/or an embankment
to inlertept sediment-laden runoff and to trap and retain the sediment. The purpose of a sediment
trap is to protect drainageways, properties and rights-of-way below the sedimeni trap from

sedimentation.

A sediment trap is usually installed in a drainageway, at a storm drain inlet, or at other

points of discharge from a disturbed area.

3.2 PERMANENT EROSION PROTECTION - CHANNELS AND OTHER
DRAINAGEWAYS

In areas of potential or existing erosion problems along drainageways, acceptable
erosion control methods must be employed. This subsection will outline permanent erosion control
methodologies recommended for use in the City of Longview, including design and construction

specifications.
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3.21 Grass/Vepetation

Grassed channels are preferred in areas and drainageways with sufficient drainage right-
of-way, moderate flow velocities and suitable soils for the establishment of vegetative cover.
Maximum sideslopes shall usually be 3:1 unless a formal geotechnical investigation determines that
unreinforced slopes may be steeper. Channel slopes must be revegetated immediately after
construction to minimize erosion. Vegetation should be durable and require minimal maintenance.
Revegetated ground cover in channels must be accepted by the City and the City may require topsoil
placement if native soils are unsuitable. Acceptance shall not be granted until two years after

channel construction completion.

If appropriate, a concrete or celiular grid paver pilot channel may be incorporated in
a grassed channel. Pilot channels serve to limit erosion of the grassed channe] by accommodating

low to moderate flows.

Unless otherwise approved by the office of the City Engineer, Manning's "n" values for
grassed channels shall not be less than 0.04 (0.035 in well-maintained condition).

3.2.2 Vepetation Stahilizers

Vegelation stabilizers refers to any of several blanket-type products used to protect
newly grass-vegetated surfaces during the time necessary for the vegetation to become fully
established. This includes jute, Enkamat, and Excellsior Mat, among others. These materials must

be adequately staked to the channel sideslope.

323 Concrete Slope Paving

Concrete slope paving refers to the use of reinforced concrete along channel sideslopes,
channel bottoms, at pipe/culvert outfalls and areas of high turbulence, to protect proposed grades
against excessive erosion. Concrete-lined channels are often preferred in areas where available

drainage right-of-way is limited.
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Unless otherwise approved by the Office of the City Engineer, Manning's "n" values for
concrete-lined channels shall not be less than 0.013.

3.2.4 Prepackaged Concreie Bagwall (R-Rap)

The term "R-Rap" refers to a patented prepackaged concrete riprap provided in
biodegradable paper bags and stacked along channel sideslopes. R-RAP is typically reinforced on
the sideslope with 6-inch, No. 3 rebar inserted vertically between adjacent bags and at the toe of the
slope with a 4-foot, No. 6 rebar vertically traversing the bottom three levels of stacked bags. Once
placed, individual bags are either left to be moistened via precipitation, or are hosed down to speed
the curing process. The City does not promote the use of any one particular brand-name of
product. The use of R-RAP by name is an example of something that has been used successfully

in Longview. There are many other produclts that will be considered for use on an individual basis.

Unless otherwise approved by the Office fo the City Engineer, Manning's "n" values for

concrete bagwall-lined channels shall not be less than 0.035.

3.2.5 Concrete Slope Pavers

The term "Concrete Slope Pavers" refers to cellular concrete revetment grids generally
placed along a channel slope to prevent erosion. They are typically perforated to aliow vegetative

growth, infiltration and exhltration of water, and some deflection against localized stresses.

Unless otherwise approved by the Office fo the City Engineer, Manning’s "n" values for
cellular grid-lined channels shall not be less than 0.04.

3.2.6 Stone Riprap

Stone riprap refers to a layer of loose rock or aggregate placed over an erodible soil

surface. The purpose of riprap is to protect the soil surface from the erosive forces of water.
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Riprap may be used, as appropriate, at such places as storm drain outlets, channel banks and/or

bottoms, roadside ditches, drop structures and shorelines.

Unless otherwise approved by the Office fo the City Engineer, Manning’s "n" values for

stone riprap-lined channels shall not be less than 0.04.
3.2.7 Gabions

The term "gabions" refers to rectangular heavily-galvanized wire mesh baskets filled with
graded rock. Gabion structures are generally built to be a homogeneous monolithic structure
capable of providing erosion protection while absorbing unexpected or localized stresses without

lessening the structure’s integrity.

Unless otherwise approved by the Office fo the City Engineer, Manning’s "n" values for
gabion-lined channels shall not be less than 0.04.

3.3 ' MATERIALS TO BE PROVIDED FOR CITY REVIEW

As a minimum, the following items will be included on the construction plans prior to

their approval by the Office of the City Engineer.

1. A sequence of development showing which phases of construction will be done
at which time, and what specific controls are required during each phase of the
development. In all cases, erosion controls must be in place prior to the start of

any land disturbance activity.

2. A schematic representation of each control strategy required in the engineer’s
plan, with adequate dimensions and references to the specific detail in the
standards contained in the City of Longview Standard Specifications Manual so

that feature can be built as intended.
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Approved areas for construction traffic, parking, vehicular maintenance, and, if

appropriate, vehicle washing.

Temporary spoils storage areas, including size, time of use, and ultimate

restoration schedules.

Permanent spoils disposal areas, including size, depth of fill, and restoration
procedures.

Contour maps showing lightly dashed lines for existing contours and solid lines

for proposed contours, with each having a contour interval of two feet.

Restoration plans for all disturbed areas on the site that will include, as a

minimum;

(a) seed type and rate of application,

(b) mulch type and rate of app.lication',

(¢} application technique,

@ sod type,

(e) maintenance requirements for each specific area,

(D contingency plan, if delays ‘in construction upset the propoécd 1imétable,'
(g) whether the restoration is of a permanent or temporary nature,

(h) landscaping plan using a mixture of grasses, forbes and woody plants.

(i) method for stockpiling and reuse of topsoil excavated from site.

Specific locations where special slope stabilization techniques are to be utilized

and the extent of the slope stabilization to take place.

The identify of the person or firm who will be responsible for the maintenance

of each sedimentation/erosion control scheme being used on the project.

3-10
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A clear definition of criteria to be utilized in determining when acceptable

restoration has taken place.
The location of any detention ponds on the construction site.

The location of any sedimentation or filtration ponds to be constructed on the

site.

The name and phone number of the designated representative for the
owner/engineer who will have the authority to make appropriate changes to the

sedimentation/erosion plan, it if is discovered to be inadequate.

The length of time between start of rough-cutting and complete restoration may
not exceed 12 months. If an applicant does not meet this deadline, the Office of
the City Engineer will notify the applicant in writing that the City may complete
the stabilization of disturbed areas at the applicant’s expense, unless the applicant
does so within 30 days of the day of notice, or unless the applicant provides
acceptable erosion/sedimentation controls and the continuing maintenance

thereof, acceptable to the Office of the City Engineer.

The owner/engineer shall condu¢t ongoing inspections of all
erosion/sedimentation control methodologies and direct the person or firm
responsible for the maintenance to make any repairs or modifications necessary

to assure continued effective operation of each methodology.

No clearing or rough-cutting shall be permitied prior to final approval of the
plan.

No clearing or rough-cutting for purposes other than those set out above, or for

construction of temporary erosion and sedimentation controls, as per approved

plan, shall be permitted until those controls are in place.

3-11
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4.0 HYDROLOGY

This section presents required City of Longview methodologies for the determination
of design flow rates in developing areas of 100 acres or less. Drainage design for areas greater than
100 acres has been previously accounted for as a component of the City of Longview Master

Drainage Plan and does not require hydrologic analysis.

For channels draining greater than 100 acres, the Office of the City Engineer will
provide required design discharge rates or will inform the engineer of required hydrologic/hydraulic

methodologies, calculations, and conditions.
4.1 EFFECT OF URBANIZATION

It is generally accepted that urban development has a pronounced effect on the rate and
volume of runoff from a given rainfall. Urbanization generally alters the hydrology of a watershed
by improving its drainage efficiency, reducing its surface infiltration and reducing its storage capacity.
The hydrographs below illustrate the effect of urbanizing a watershed by presenting runoff rate

versus time for the same storm with three different levels of watershed development.
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The City of Longview requires stormwater detention in areas where development
intensity exceeds a C-factor corresponding to a development density of SF-4 (5 units per acre); thus,
the purpose of detention (when it is required) is to reduce flood peaks to levels which would be
experienced for SF-4 residential development. This is true regardless of the C value present under
pre-developed conditions. In other words, development activity which does not result in a
comparable C-factor greater than that produced by SF-4 development, will not require storm water

detention.

Changes to the hydrologic character of a watershed penerally results from the
elimination of porous surfaces and ponding areas by grading and paving building sites, streets, and
parking lots, and by constructing buildings and other facilities characteristic of urban development.
These effects are ofien especially evident in the development of smaller drainage areas where paving

and building construction can cause dramatic changes in the hydrologic character of the basin.
42 REQUIRED HYDROLOGIC METHODOLOGY - THE RATIONAL METHOD

The Rational Method representS an accepted method for determining pé.ak storm runoff
rates for small watersheds (less than 100 acres) that have a drainage system unaffected by complex
hydrologic situations such as ponding areas, storage basins and watershed transfers {(overflows) of
storm runoff. This widely used method provides satisfactory results if understood and applied

correctly.

4.2.1 Definition of Rational Formula

The Rational Method is based on the direct relationship between rainfall and runoff,

and is expressed by the following equation:

Q = CiA (4-1)
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Q is defined as the peak rate of runoff in cubic feet per second. Actually, Q is in
units of inches per hour per acre. Since this rate of in/hr/ac differs from cubic

feet/second by less than one percent, the more common cfs is used.

C  is the dimensionless coefficient of runoff representing the ratio of the runoff rate

to the rainfall rate.
i is the average intensity of rainfall in inches per hour for a period of time equal
to the critical time of flow concentration for the drainage area 1o the point under

consideration.

A is the area in acres contributing runoff to the point of design during the critical

time of concentration,

Assumptions of Rational Method

Basic assumptions associated with the Rational Method are:

1. The frequency or recurrence interval of the peak discharge is equal to the
frequency of the average rainfall intensity associated with the critical time of

concentration (duration).

2. The time of concentration is the critical time of concentration and is discussed

in Section 4.2.5.

3. The ratio of runoff to rainfall, C, is uniform during the storm duration.
4.  Rainfall intensity is uniform during the critical storm duration.,
4-3
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5. The contributing area is that area that drains to the design point within the

critical time of concentration,

4.2.3 Runoff Coefficient (C)

In relating rainfall rates to peak discharges, the runoff coefficient "C" in the Rational
Formula is dependent on the character of the drainage area’s surface. The rate and volume of a
storm’s rainfall that reaches an area's storm sewer system depends on the relative porosity
(imperviousness), ponding character, slope and conveyance properties of the surface. Soil types,
vegetation conditions and impervious surfaces, such as asphalt pavements and roofs of buildings are
the major determining factors in selecting an area’s "C" factor. The type and condition of the
surface determines its ability to absorb precipitation and transport runoff. The rate at which a sojl
.absorbs precipitation generally decreases as and if the rainfall continues for an extended period of
time. The soil absorption or infiltration rate is also influenced by the presence of soil moisture
before a rain (antecedent soil moisture conditions), the rainfall intensity, the proximity of the
groundwater table, the degree of soil compaction, the porosity of the subsoil, vegetation, ground
slopes, depressions, and storage. Onsite inspections and aerial photographs may prove valuable in

estimating the nature of the surface within a drainage area. -

It should be noted that the runoff coefficient "C" is the variable of the Rational Method
which is the least capable of being precisely determined. Proper use requires judgement and
experience on the part of the engineer, and its use in the formula implies a fixed ratio for any given
drainage area, which in reality is not the case. A reasonable coefficient must be chosen to represent
the integrated effects of infiltration, detention storage, evaporation, retention, flow routing, and

interception, all of which affect the time distribution and peak rate of runoff,

Coefficients for specific individual surface types within a larger area can be used to
develop a composite runoff coefficient for the larger area based in part on the percentage of
different types of surfaces in the overall drainage area. The use of this methodology is descnbed

in Section 4.3, Representative "C" values are presented in Table 4-1.
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‘ In the City of Longview, drainage calculations and improvements implemented under
the City’s Master Drainage Plan are based upon the assumption of basin-wide development to a
minimum zoning density of SF-4 (5 units per acre), corresponding to a 100-year C-factor of 0.70.
Thus, all caiculations for drainage design in the city will be required to ufilize a C-valve no less
than 0.70 regardless of actual land use type. In areas where development intensities exceed (.70,
stormwater detention will likely be required.

4.2.4 Rainfall Intensity

Rainfall intensity (i) is the average rainfall rate in inches per hour which is considered
for a particular basin or sub-basin and is selected on the basis of design rainfall duration and design
frequency of occurrence. The design duration is equal to the critical time of concentration at the
design point on the drainageway. The design frequency of occurrence is a statistical variable which
is established by design standards or chosen by the engineer as a design parameter. In Longview

the design storm frequency for drainage design is 100 vears in all cases. In other words, drainage

structures must be sized to accommodale the runoff from a storm event which has a one percent

chance of being equaled or exceeded in any given year (the so-called "100-year storm").
4.2.5 Time of Concentiration

Time of concentration is the time required for all portions of an upstream drainage area
1o be contributing to the flow at a point of interest. The time of concentration used in the rational
eguation is the critical time of concentration for the point of interest. The critical time of
concentration is the time from the beginning of a storm event to the time of occurrence of the peak
flow rale at the point of interest assuming that during this specified time, rainfall is uniformly
intense over the area contributing to the flow. Runoff from a watershed usually reaches a peak at
the time when the entire drainage area is contributing, in which case, the critical time of
concentration is the time for water to flow from the most remote point in the watershed to the
point of interest. However, the runoff rate may reach a peak prior to the time the entire upstream

drainape area is contributing. In this instance, only the portions of the drainage area able to
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contribute flow to the design point during the critical time of concentration should be used in

determining the peak discharge.

The time of concentration to any point in a storm drainage system is a combination of

the "overland flow" and the "time of channelized flow."

The overland flow time is the time for water to flow over the surface, generally via
sheet flow, to a storm sewer inlet or area of channelized flow. Overland flow time decreases as the
slope and the imperviousness of the surface increases, and it increases as the distance over which
the water has to travel increases and as retention and/or infiltration by the contact surfaces
increases. Average velocities for estimating travel time for overland flow can be calculated using

Figure 4-1.

The overland flow time shall be determined by direct computatibn using the following
formula:
T, = D, /60V (4-2)
where: '
T, = overland flow time (minutes).
D, = flow distance (feet).

V = average velocity of runoff flow (ft/sec).

Overland flow distances will rarely exceed 300’ in developed areas. If the overland flow
time is calculated to be in excess of 20 minutes, the designer should verify that the time is

reasonable considering the projected ultimate development of the area.

The time of channelized flow is the quotient of the length of the conduit (storm sewer,

channel, or gulley) and the velocity of flow as computed using the hydraulic characteristics of the

conduit;
T, = D, /60V (4-3)
where:
T, = Time of channelized flow
12010/900131 4-6
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42.6 Drainape Area (A)

The size and shape of the drainage area must be determined. The area may be
calculated through the use of topographic maps supplemented by field surveys where topographic
data has changed, or where the contour interval is too great to distinguish the direction of flow. A
drainage area map shall be provided for each project (Section 4.4). The drainage area contributing
to the system being designed and the drainage subarea contributing to each inlet point shall be
identified. The drainage divide lines are determined by the natural slopes, pavement slopes,
locations of downspouts, paved and unpaved yards, grading of lawns and many other features that

are introduced by the urbanization process.
4.3 APPLICATION OF THE RATIONAL METHOD
Application of the Rational Method will generally proceed as follows (see Table 4-2).

Step 1 - Determine contributing drainage area. Obtain an appropriate topographic map

of the subject drainage basin. Delineate the area draining to the point of interest. Determine the

size of the drainage area in acres.

Note: Drainage design methodologies traditionally utilized in the City of Longview
require calculation of design flow rates for multiple smaller subbasins. Flow rates at points
downstream are then typically calculated by summing the design flows from the upstream basins.
This methodology generally results in unreasonably high design flow rates in the downstream areas
and consequent excessive expenditures for construction of drainage facilities. The utilization of
time of concentration in the rational method allows for design flow reductions in areas with larger

contributing drainage basins and consequent decreases in drainage facility construction costs.

Step 2 - Determine overland flow time. From the most remote point with respect to
{flow time in the upper region of the critical drainage area, calculate the time for flows to reach a
point of channelized flow (such as a gully if the area is undeveloped or the storm sewer inlets or

street if developed).
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Overland Flow Time (minutes) = Flow Distance (ft)/[(60) Average Velocity (ft/sec)]
Average velocities for determining overiand flow time can be estimated from Figure 4-1. Overland
flow distances exceeding 300 feet are extremely unusual. Overland flow times should never exceed

about 20 minutes in developed areas and about 30 minutes in undeveloped areas.

Step 3 - Determine the time of channelized flow. The time of channelized flow

represents the time from when a particle of water begins to flow in a gully, channel or storm sewer
to when it reaches the point of interest. The time of channelized flow is calculated utilizing the

following formula:

Flow Time (minutes) = Flow Distance in Conduit or Drainageway (ft)/[{(60)
Average Velocity (ft/sec)]

Average velocity in the drainage path (usually a gulley, a street, a storm sewer or a
channel) can be estimated using the hydraulic computer routines, "Normal Depth in Non-Circular
Channe!" and/or "Normal Depth in Circular Channel." The user inputs estimated slope, estimated
flow rate (cfs), estimated channel roughness and channel configuration to obtain a reasonable

estimate of flow velocity.

Step 4 - Determine Time of Concentration {Tc). The time of concentration from the

hydraulically most remote point in a watershed to the point of interest is calculated to be the sum

of "overland flow time" and "channelized flow time."

Step 5 - Determine design rainfall intensity (i}. The design rainfall intensity is

determined by consulling the frequency/intensity/duration curves for Longview presented as
Figure 4-2. For a given storm duration and frequency (the 100-year storm in Longview), the
appropriate uniform rainfall intensity is obtained. The required storm duration is equivalent to the

time of concentration determined in Step 4 above.
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Step 6 - Estimate C factor. Table 4-1 presents appropriate C values for a range of land
use types and development densities. Table 4-1 is provided for calculation of composite C values
in areas where development density may exceed SF-4 (C = 0.70). In all circumstances design flows
should be calculated utilizing the C value for ultimate watershed conditions, or 0.70, whichever is

greater.

Step 7 - Determine Design Flow Rate. The design fow rate is then calculated by

. applying the rational formula

Q = CiA where
Q = design flow rate for the point of interest (cfs)
C = runoff coefficient
i = design rainfall intensity (in/hr)
A = drainage area (acres)

4.4 MATERIAL TO BE PROVIDED FOR CITY REVIEW

The following materials related to design flow rate calculations using the rational

‘method must be provided for City review.

1. Atopographicdrainage area map with all drainage areas and flow rate calculation

points delineated.
2. Acompleted copy of Table 4-3 ocutlining design flow calculations shall be placed

on the topographic map or a related siorm drainage sheet contained in the

construction plans.
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5.0 OPEN CHANNEL FLOW

This section summarizes the practical considerations, technical principles, and criteria
necessary for proper design of open channels. The analysis of open channel flow also aids in
determining other flow-related concerns, such as culvert tailwater depths, time of concentration

calculations (travel times), and flood elevations.
5.1 OPEN CHANNEL HYDRAULICS - AN OVERVIEW

Flow conditions in an open channel are characterized as steady or unsteady, uniform

or varied, subcritical or supercritical.

51.1 Steady or Unsteady Flow

Steady flow occurs when the flow rate Q (usually expressed in cubic feet per second)
is constant with respect to time. For unsteady flow, the flow rate at a particular point is not

constant with respect to time. For the purposes of disign, all flows may be assumed to be steady.

512 Uniform or Vared Flow

Uniform flow occurs when the depth of flow is not changing with respect to distance
along the channel. A true state of uniform flow is difficult to obtain under most natural conditions.
Nevertheless, when a channel is sufficiently long and sufficiently unchanging such that the flow

depth is not significantly changing, the flow may be assumed to be uniform for design purposes.

Varied flow occurs when the physical configuration, slope, or surface roughness of a
channel changes, or when a disturbance such as a weir or bridge embankment is introduced in the
channel. Under these conditions, the depth and velocity of the flow will vary along the channel in

the vicinity of the disturbance.
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5.1.3 Subcritical or Supercritical Flow

The speed of a small wave in a shallow channel is given by the term (gy)!” where y is
the depth (ft) and g is the acceleration of gravity (32.2 ft/sec®). When the velocity of flow in a
channel exceeds this value, the flow is supercritical. When it is less than this value, the flow is
subcritical. Supercritical flow is generally characterized by high velocities and shallow depths, while

subcritical flow is characterized by slower velocities and greater depths.

The most important distinction between these two states of flow is that the effect of a
disturbance in the channel, such as a bridge constriction or a weir, does not influence upsiream flow
conditions in supercritical flow as it does in the case of subcritical flow. Therefore, subcritical flow
is controlled by downsiream channel conditions while supercritical flow is controlled by upstream

channel conditions.

The value of the Froude Number indicates the state of flow in an open channel. A
Froude Number greater than 1.0 indicates supercritical flow. A Froude Number less than 1.0

indicates subcritical flow. A Froude Number equal to 1.0 indicates flow at critical depth.

5.1.4 Critical Depth

When the velocity of flow in a channel is equivalent to the velocity of a gravity wave
(gy)'?, critical flow at critical depth exists. Flow at or around critical is characterized by instability
and should be avoided in channel design except at specific flow transition points such as weirs and
sluice gates. Near critical flow, small changes in hydraulic conditions will cause exaggerated changes

in depth and velocity.

52 CHANNEL DESIGN
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521 General Design Considerations

The path taken by an existing, naturally-carved channel often represents the most logical
general pathway of fiow. For runoff rates associated with undeveloped conditions, the natural
channel is largely stable against erosion and is topographically efficient in draining adjacent land.
In light of this, it is logical that the engineer should consider taking advantage of naturally-carved
drainageways when locating and designing open channels.

Although there are numerous channel designs available to the engineer, a judicious
design must conform to certain hydraulic, aesthetic, and safety-related standards. In situations where
the use of a natural drainage course is unfeasible, the engineer must choose to design either an

earthen channel or a lined channel.

Grassed channels generally produce lower flow velocities and greater channel storage.
They are, in most cases, aesthetically and economically superior to concrete or riprap-lined
waterways. However, grass-lined channels require more right-of-way, are vulnerable to erosion, and
must be continually maintained. They can also have problems with sideslope stability, local ponding

of water, and/or sediment deposition.

" In areas where land values are extremely high, or right-of-way is limited, concrete or
riprap-lined channels may be the design of choice. However, concrete channels can be significantiy
more expensive. In addition, they tend to move water faster and store less water possibly resulting

in higher peak discharges downstream.
5.3 OPEN CHANNEL DESIGN REQUIREMENTS

The following general criteria should be utilized in the design of open channels in
Longview,
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5.3.1 Design Freguency

Open channels in the City of Longview shall be designed to contain the runoff from the
100-year frequency storm within the right-of-way while providing a minimum of one foot of
freeboard. In those cases where channel modifications are necessary to control increased flows from
proposed development, proposed water surface profiles are restricted such that the proposed 100-
year flood shall not exceed the existing 100-year flood profile. In addition, the channel must be

. designed to have sufficient freeboard to provide for adequate drainage of lateral storm sewers,

during the 25-year storm.

532 Velocity

Excessive velocities can cause erosion and may pose a threat lo safety. Velocities which
are too Jow may allow sediment deposition and subsequent channel clogging. Table 5-1 provides
maximum allowable velocities. Minimum velocities are those produced by a channel invert slope

of 0.1 percent.

533 Flow Depth

Deep channels are generally difficult to maintain and can be hazardous. Therefore,

design depths should be as shallow as practical.

534 Freeboard

Since there is no universally accepted rule governing the amount of fresboard required
for a channel, selection of a safe amount should be based on confidence in the design discharge
estimates, stability of the flow profile and the expecied damage from water overflowing channel
banks. A minimum value of one foot is required. The necessity for additional freeboard should be
anticipated on the outside channel edge along curves where flooding of adjacent properties will
cause excessive damages or possible injury or loss of life, the owner/engineer should consider

utilization of extra frecboard above the one foot requirement.
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53.5 Channel Alignment

Although channel alignments must necessarily be controlled primarily by existing
topography and right-of-way, changes in alignment should be as gradual as possible. Whenever

possible, changes in alignment should be made in sections with flatter grades.

536 Invert Slope

The slope of the channel invert is generally governed by topography and the energy
head required for flow. Since invert slope directly affects channel velocities, channels should have
sufficient grade to prevent significant siltation but grades should not be so steep as to create erosion
problems. The minimum channel invert slope shall be 0.1 percent. The maximum channel invert
shall be limited by maximum flow velocities as given in Table 5-1. Appropriate channel drop

structures may be wsed to limit channel invert siope in steep areas.

537  Sideslope

In grass-lined channels, normal maximum sideslope is 3 (horizontal):1 (vertical), which
~ is also the practical limit for mowing equipment. In some areas, sideslopes flatter than 3:1 may be
necessary due to local soil conditions. Sideslopes steeper than 3:1 are acceptable if adequate

geotechnical back-up is provided to the Office of the City Engineer.
538 Curvature
In general, centerline curves should be as gradual as possible and not have a radius of

less than twice the design flow top width. The maximum curvature for any man-made channel

should be 90°.
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539 Manninp’s "'n" Value

The following values of the Manning's roughness coefficient should be used in man-

made channels unless permission for alternative values is received from the Office of the City

Engineer. .
Channel Cover "n" value
grass-lined (maintained) 0.035
grass-lined (riot maintained) 0.04 minimum
concrete-lined - 0.013
"R-RAP"-lined 0.035
concrete paver-lined 0.04
stone riprap 0.04
gabions 0.04

Tables 5-2 and 5-3 present Manning’s "n" values for a wide range of flow surfaces.
These tables can be used in determining "n" values for a wide range of flow surface conditions other

than those specified above.
5.3.10 Confluences

The angle of intersection between the tributary and main channels should be between
15° and 45°. Angles in excess of 45° are permissible but are discouraged. Angples in excess of 90°
are not permitted. See Figure 5-1.
5311 Transitions

Expansions and contractions should be designed to create minimal flow disturbance and

thus change in water surface elevation, Transition angles should be less than 12° from the

longitudinal channel alignment,
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53,12 Right-of-Way

The amount of right-of-way required for open channels is dependent on channel top
width and channel type (earthen or lined). Adequate area must be set aside for both the channel
itself and the adjacent berm required for channel maintenance, Minimum maintenance berm width
shall be approved by the City Engineer.

54 EROSION PROTECTION

Erosion protection is necessary to insure that channels maintain their capacity and
stability and to avoid excessive transport and deposition of eroded material. The three main
parameters which affect erosion are vegetation, soil type and the magnitude of flow velocity and
turbulence. In general, silty and sandy soils are the most vulnerable to erosion. Section 3.2 of this

manual presents recommended channel erosion protection strategies.
541 Typical Locations Requiring Erosion Protection
The necessity for erosion protection should be anticipated in the following settings:

A.  Along grassed channel sideslopes during the time necessary to fully establish the

vegelative cover.

B.  Areas of channel curvature, especially where the radius of the curve is less than

three times the design flow top width.
C.  Around bridges where channel transitions create increased flow velocities.
D. When the channel invert is steep enough to cause excessive flow velocities.

E.  Along grassed channel sideslopes where significant sheet flow enters the channel
laterally.

12010/000131 : 57

4



ESPEY, HUSTON & ASSOCIATES, INC. .

F. At channel confluences.
G. In areas where the soil is particularly prone to erosion.
H. In areas where offsite deposition of eroded material will occur.
Sound engineering judgment and experience should be used in locating areas requiring erosion

protection. It is ofien prudent to analyze potential erosion sites following a significant flow event

to pinpoint areas of concern.

5.4.2 Minimum Erosion Protection Requirements

Minimum erosion protection requirements for the City of Longview are as follows:

5421 Confluences

Figure 5-1 presents the minimum requirements for determining when and where

erosion protection or channel lining are necessary given the angle of the confluence.
5422 Bends

When required, erosion protection must extend along the outside bank of the bend and
at least 20 feet downstream of it. Additional protection on the channel bottom and inside bank, or
beyond 20 feet downstream, will be required if maximum allowable velocities are exceeded. See
Table 5-1.

5423 Culverts

In areas where outlet flow exceeds allowable velocities in the channel, channel lining

and/or an energy dissipation structure will be required.
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5424 Outfalls

Erosion protection will be necessary in areas of high turbulence or velocity typically

found at the outfall of storm sewers and roadside ditches into thé main channel.
5425 In Grassed Channels During Establishment of Vegetative Cover

Following planting of sideslope vegetation in grassed channels and if design flow
velocities exceed 3.5 ft per second, the waterway sideslopes should be stabilized with sod, with
seeding protected by jute, Excellsior Mat, Enkamat or with other comparable blanket products. If
possible flows in the channel should be temporarily diverted until the vegetation is established.

543 Types of Erosion Controls

When flow velocities exceed those allowed in Table 5-1 or when soils are deemed
excessively erosive by a geotechnical engineer, acceptable structural erosion control shall be
provided. The slope protection must extend up to the top of the channel bark. Section 3.2

presents recommended channel erosion protectidn strategies and specifications for their use.
5.5 GRASS-LINED SWALES

Grass-lined swales may be used parallel to a roadway under special conditions, with
approval from the City Engineer, and are useful in lot-to-lot drainage. However, a dangerous
potential for flooding exists when flow in roadside ditches exceeds capacity. Consequently,
provisions must be made to assure that the level of water flowing beside a roadway does not reach
damaging levels. Section 5.6 presents approved methodologies for determining design waler surface
elevations in grassed swales. Figures 5-6 and 5-7 present details for grass-lined swales with and

without a stone-lined trickle channel.
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Approval

Approval for the use of roadside ditch systems must be obtained from the Office of the

City Engineer prior to the submittal of contour and drainage area maps, and hydrologic and

hydraulic calculations.

552
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Design Criteria

The following requirements must be met in the design of roadside ditch systems:

Minimum acceptable ditch section shall have a sideslope no steeper than

3 horizontal to 1 vertical.
The minimum bottom width for roadside ditches shall be two fest,

The "n" coefficient for the dilch calculations shall be a minimum of 0.035. All

values must be justified.
The minimum grade or slope of the ditches shall be 0.01 ft/ft.

Roadside ditches shall be designed to accommodate a 100-year flow. The
computed design water surface of the ditches shall be a minimum of 0.5 feet

below roadway surface elevation at edge of pavement.

Erosion control methods shall be utilized in ditch designs where velocities of flow
are calculated to be greater than 5.0 feet per second or where soil conditions

dictate their need.
The minimum depth of the ditches shall be 18 inches and the maximum depth

shall be 4 feet unless approval to do otherwise is obtained from the Office of the
City Engineer.
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8. Ditches are to be designed so as not to erode.
10. Driveway culverts shall have a minimum diameter of 18"
5.6 DETERMINATION OF WATER SURFACE ELEVATIONS

~ The state of flow in an open channel is at all times either uniform or varied. A
different method for determining water surface profiles is applicable 1o each of these conditions of

flow.
56.1 Uniform_Flow
- When a section of channel is sufficiently long and unchanging such that the flow depth

is not changing, then the flow profile can be analyzed assuming uniform flow. Under these

circumstances, the depth, known as normal depth, is constant and can be determined with Manning’s

equation:
Q = (1.49/n) AR g12 (5-1)
or
V = (1.49/n) R* §}2 | (5-2)
where
Q =  flow rate (cfs)
V. = flow velocity (fps)
n = Manning's roughness coefficient representing the magnitude of friction

force exerted on the flow by channel sidesiopes and bottom (see

Section 5.3.9)

A =  cross-sectional area of flow (ft%)

R =  hydraulic radius (cross-sectional area divided by the wetted perimeter of
the cross-sectional area (ft))

S = channel slope (fi/ft)
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To solve for the depth (y), the area and hydraulic radius are written in terms of y, the only

unknown. A trial and error solution is usually necessary.

To determine depth with Manning’s Equation, it is preferable to utilize the hydraulic
computer routine "Normal Depth in a Non-Circular Channel” which will perform the trial and error
solution and yield depth and velocity in a uniform trapezoidal channel given flow rate, Manning’s

"n", and the channel configuration.

Another means to determine depih via Mannings Equation is with Figure 5-3 which

presents a nomograph for determining depth for uniform flow in a trapezoidal channel.

Determination of erosion potential in a natural or grassed channel is a function of flow
velocity. Figure 5-2 presents a nomograph for determining flow velocity using the Manning
Equation under uniform flow conditions. As mentioned above, flow velocity can also be determined

utilizing the "Normal Depth in a Non-Circular Channel” computer routine.

Figure 5-8, "Ditch Design Form" presents a tabularized means for recording design

parameterﬁ and calculations.

Determination of flow capacity, depth, and velocity in pipe conduits can be carried out

ulilizing the "Normal Depth in a Circular Channel” computer routine. Figure 54 presents a
nomograph to determine flow characteristics in a pipe conduit. Figure 5-5 presents a nomograph

10 determine velocity in a pipe conduit.
5.6.2 Varied Flow

In the majority of channel flow situations, the state of flow is gradually varied. In other
words, the depth is gradually changing with longitudinal distance along the channel due to the
presence of nonuniformities in the channel configuration, such as channel constrictions or changes

in channel slope.
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The recommended means for determining flow profiles under these conditions is with
a backwater model. The recommended backwater model for calculating water surface profiles for
nonuniform flow in Longview is the U.S. Army Corps of Engineers’ program HEC-2, Water Surface

Profiles.

The HEC-2 model can readily accommodate modifications in channel design and water
surface increases at bridges, culverts, drop structures, and transitions. The program begins
computation at a cross-section of known or estimated water surface elevation and proceeds
upstream for subcritical flow, and downstream for supercritical flow, to determine the channel flow

profile.

The use of HEC-2 will generally be adequate for all channel design situations
encountered in Longview. However, the use of alternative flow profile computer models or

methodologies is acceptable but must be approved by the Office of the City Engineer.
5.7 MATERIALS TO BE PROVIDED FOR CITY REVIEW

a. A topographic map of the subject drainage basin showing proposed drainage

areas and proposed channel location.

b.  Design flow rate calculations carried out as described in Section 4.0 of this

manual. See Table 4-2.

c. For design using the Manning Equation, a listing of the following parameters:
- flow depth (ft)
- channel slope (ft/ft)
- channel flow (cfs)
- Manning's "n" value
- channel sideslopes (H:V)
- channel bottom width (ft)

- freeboard allowance
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d.  For design using HEC-2:

- input and output listing of computer run

e. Existing and proposed typical channel cross-sections with their locations

delineated on the drainage map.
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6.0 INLETS AND STORM SEWERS

This section will present City of Longview specifications and required procedures for

the design of inlels and storm sewer systems.

6.1 INLETS AND STREETS

Design and layout of streets and inlets is essentially a trial and error procedure
requiring sound engineering judgement and experience to minimize construction costs while assuring

proper hydraulic performance.
6.2 INLET AND STREET DESIGN REQUIREMENTS

The following minimum design requirements will serve to limit nuisance flooding of

surface drainage features during the design rainfall event.

6.2.1 Inlet and Street Capacity Determination

Street drainage capacities shall be determined utilizing Figures 6-1(A-H). Inlet
capacities shall be determined utilizing the weir equation as described in Section 6.3 (Step 5).

6.2.2 Street and Inlet Design Standards

All newly-constructed streets must conform to cross-sectional shape requirements
presented in Figure 6-2. All newly-constructed inlets must conform to requirements presented in
Figure 6-3. The use of alternate desigas is acceptable subject to the approval of the Office of the

City Engineer.
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6.2.3 Cumulative Inlet Capacity

The cumulative capacity of the inlets at a particular point on a storm sewer line must
exceed the required capacity of the storm sewer at that point. The required capacity of the storm

sewer shall be based on drainage area size and not on inlet capacity.

6.2.4 Inlet Spacing

Inlets shall be spaced at a maximum interval of 500 feet on both sides of the road along

a given storm sewer line.
6.2.4 Inlet Location at Intersections

Wherever possible, inlets shall be placed on the upstream side of an intersection to
eliminate street flow across the intersection. Major streets shall not be crossed with surface
drainage unless approved by the Office of the City Engineer. Whenever possible, secondary streets

shall not be crossed either. At any intersection, only one street may be crossed by surface drainage.

6.2.5 Inlet Clogging

Inlets shall be overdesigned by 10 percent to account for possible clogging. In other
words, the calculated design flow should be increased by 10 percent prior to design of inlets.

6.3 INLET AND STREET DRAINAGE DESIGN PROCEDURE

The following general procedure should be wtilized for the design of inlet and street
drainage systems in the City of Longview.

Step 1. Create a Drainage Area Map - On a topographic map of the area to be
developed, plot ROW lines and lot lines for the proposed development. Indicate the
proposed land use (e.g., single family, commercial, natural area, etc.). Draw flow
arrows on the map to indicate the direction of overland flow. Label high points and

jow points of streets as determined by street profile design. Street profiles must be
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determined prior to the preparation of the drainage area map in order to accurately

calculate street drainage capacity.

Step 2. Determine Street Drainage Capacities - Beginning at a high point, determine

street drainage capacity for the given street slope downstream of the high point using

the nomographs presented in Figures -1 (A-H).

Step 3. Determine Points Where Street Is At Full Capacity - Using a trial and error
process, consult the topographic map to find the drainage area which produces the

same flow (or slightly less) as the street capacity for the design storm. Design flow

rates are calculated using the rational formula as described in Section 4.0.

Step 4. Locate Inlets - Locate the first inlet where the street is at capacity or at the
location 500 feet from the sireet high point. Generally, the most upstream inlet on a
storm sewer line is located at the point where the street gutter flows full based upon
the 100-year design storm flow. However, inlets should generally be placed at the
upstream side of an intersection to eliminate street flow across' the intersection. For
larger streets (253'), a single lane must remain above the water surface elevation

during the design storm to allow passage of traffic.

Step 5. Determine Inlet Sizing Requirements - Unsubmerged curb opening inlets and

area inlets without grates in a sump function as rectangular weirs with the coefficient

of discharge of 3.0. Their capacity shall be based on the following equation:

0 = 3051
where:
Q = Capacity of curb opening inlet or of area inlet, cfs
y =  Head at the inlet, feet (should be measured from the gutter
depression elevation 1o the water surface). See Figure 6-1 (A-
H).
L =  Length of opening through which water enters the inlet, feet

Figure 6-4 provides for direct solution of the above equation.

6-3



ESPEY, HUSTON & ASSOCIATES, INC,

The Engineer may decide that for economic reasons, an inlet large enough to capture
all of the approaching flow is not feasible, however, the bypass flow must be accounted for in the

gutter capacity downstream of the inlet.

Step 6. Low Point Inlets - Inlets are always located at street low points unless some

other means (such as curb cuts) is provided to drain the streets.
6.4 STORM SEWERS

The City of Longview requires that storm sewer systems be capable of handling runoff
from the 100-year flood event without exceeding the system’s capacity.

6.5 STORM SEWER DESIGN REQUIREMENTS
The following are minimum design requirements:
6.5.1 Design Frequency
Storm sewer shall be designed to convey the 100-year frequency storm event.

6.5.2 Minimum Storm Sewer Pipe Size

The minimum size of a pipe in a storm sewer line shall be 18," and shall be reinforced

concrete.

6.5.3 fanning's "n" Value

The Manning’s "n" value 1o be used in a reinforced concrete pipe storm sewer shall be

0.013. ‘Alternative values for "n"” must be approved by the Office of the City Engineer.
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6.5.4 Maximum and Minimum Velocities

The minimum velocity of flow to be allowed in a section of storm sewer flowing full
shall be 3 fps. The maxmum velocity shall be 15 fps.

6.5.5 Storm_Sewer Alignment

All concrete storm sewers shall follow the alignment of the right-of-way or easement.
6.5.6 Storm Sewer Location

Storm sewers shall be located in public streets rights-of-way or in easements adjoining
and parallel to a street right-of-way. The location of storm sewers shall not be within side lot or
back lot easements that prohibit future maintenance access unless approved by the Office of the City

Engineer,

6.5.7 Storm Sewer Quifall Frosion Protection

All storm sewer outfalls shall be constructed, and all outfall channels shall be protected
with channel! lining, such that turbulence and excessive flow velocities do not cause erosion at the

outfall.

6.5.8 Junction Box Location

Junction boxes shall be placed at the location of all pipe size changes, storm sewer

junctions, and at maximum intervals of 500 feet measured along the centerline of the pipe sewer.

6.6 STORM SEWER DESIGN PROCEDURE

Calculation of water surface {or hydraulic grade line) levels in a storm sewer system may
be carried out utilizing a variety of approaches. The preferable approach is with application of any
one of the several "pipe system" hydraulics models available for computer use. Most of these

models are capable of accurately determining water surface (hydraulic grade line) elevations in a
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complex pipe network including location of free surface and pressure flow regions and

determination of head losses at junctions, manholes, and inlets. The use of a pipe model is

especially recommended for larger or more complex storm sewer systems.

When a simple or smaller system is being designed, hand calculation is often preferable.

In this case, the following design procedure will be utilized.

12010/200131

Step 1. Determine Tailwater Elevation - Determine the 25-year water surface elevation

in the channel at the storm sewer outfall using appropriate backwater calculations.

Step 2. Determine Design Flow Rates in Storm Sewer - Determine the 100-year design

flow rates for all sections of storm sewer based on drainage area size.

Step 3. Make Initial Sizinp Estimates - Using the 100-year flow rates, make an initial

estimate of the appropriate sizes for all sections of storm sewer assuming uniform, full
flow conditions. This may be accomplished using Figure 54, 5-5, or the hydraulic
computer routine "Normal Depth in A Circular Channel". Initially, storm sewers
should be designed to flow at least 85% full, unless this is prohibited by minimum

storm sewer pipe size restrictions.

Step 4. Calculate Profile of HGL - Begin calculation at the 25-year water surface
elevation in the outfall channel and plot the hydraulic gradient for the 100-year storm.
If the 100-year water surface elevation in the outlet channel is below the elevation of
critical depth in the outletting storm sewer pipe, calculation of the hydraulic grade line
should begih at the elevation of critical depth in the storm sewer. Critical depth for a
storm sewer pipe can be calculated utilizing Chart 7-5. If the outfali of the storm sewer
is submerged, begin calcuation of the HGL profile at the elevation of V?/2g above the

water surface in the receiving channel where:

v
g

]

velocity of flow exiting the storm sewer (ft/sec)
32.2 ft/sec/sec

|
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Under pressure flow conditions (i.e. there is no free air/water surface in the pipe), the

slope of the HGL shall be calculated using Manning’s Equation in the following form:

Slope of HGL = n* Q?/ (1.49)* A?R*/3 (6-1)
due to friction
losses alone
where
n =  Manning’s friction coefficient
Q = Flow rate (cfs)
A =  Cross-sectional area of the storm sewer pipe (ft%)
R =  Hydraulic radivs (ft) (flow area/wetted perimeter)

The hydraulic computer routine "Slope of Hydraulic Grade Line" will allow for easy

calculation of the HGL slope under pressure flow conditions.

When a pipe is not flowing under pressure conditions (i.e. there is free surface flow in

the pipe), the elevation of the HGL is conservatively defined as the top of the pipe.

Step 5 - Calculate Junction and Bend Losses. Junctions and bends in conduils can

cause major losses in both the enefgy grade and the hydraulic grade across the junction.
If these losses are not included in the hydraulic design, the capacity of the conduit may
be seriously restricted and underdesigned. The law of conservation of momentum,
which equates the summation of all pressures acting at the junction with the summation
of the momentums, affords a rational method of analyzing the hydraulic losses al a
junction. Head losses at pipe junctions and bends may be calculated using the following

formula which utilizes this methodology:

Y= Q,V,-Q,V,CosD; -0Q,V;CosD;-Q, V, Cos D, (6-2)
g(A) + A2
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where:
Y =  head loss in feet across the bend or junction
Q, =  discharge in cfs in the largest pipe feeding into the
junction or bend from upstream
Q, =  discharge in cfs in the outfall pipe leading away from
the junction or bend downstream
Qs Q =  discharge in cfs in the smaller pipes feeding into the
junction or bend from upstream
V,, V,, V;, V= estimated velocity in feet per second in the above-described
pipes
Dy, D3, D, =  the angle in degrees between the line of approach of
the respective storm sewer pipe and a straight line
extension of the outfall pipe. See diagram below.
A, =  cross-sectional area of the downstream outfall pipe
A =  cross-sectional area of the largest pipe feeding into the
junction or bend from upstream
g =  gravitational constant (32.2 ft/sec/sec)

The hydraulic computer routine "Junction and Bend Losses" will easily calculate head

losses by Equation 6-2. Note that bends are modeled like junctions with only one pipe coming in

from upstream.

LINE 2

B ————

FLOW DIRECTION
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Step 6. Calculate Manhole and Inlet Losses.

In situations where a manhole or inlet is located on a storm sewer pipe at a point that

is neither a bend nor a junction, the loss at that point is calculated by the following equation:
(0.05) V32g (6-3)

where:

\'% =  average velocity of flow in the storm sewer (fps)
Average velocity is calculated one of two ways:

1.  If the HGL exceeds the top of the pipe, V=0Q/A where Q is the pipe flow

rate {cfs) and A is the cross-sectional area of the pipe.

2. If the HGL does not exceed the top of pipe (i.e. not pressure flow), V is
calculated from Figure 5-5 or from the hydraulic routine "Normal Depth

in Circular Channel.”
Losses at junctions, inlets and manholes are added to the elevation of the HGL at the
point of the loss. Calculation of the HGL profile then proceeds upstream from the

elevation afier the head loss has been added,

Step 7. Adjust Storm Sewer System Configuration - Adjust pipe size and/or slope until

the hydraulic grade line remains at least 1.5 feet below street inlet levels at all times.
6.7 MATERIALS TO BE PROVIDED FOR CITY REVIEW

The following materials must be provided for review to the Office of the City Engineer

prior to approval of inlet and storm sewer designs:
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A contour and drainage area map showing the proposed development, including
storm sewer locations, inlet locations and drainage areas contributing to each

inlet,

A table summarizing drainage area, time of concentration, design discharge (inlet
intake), and size and number of inlets for each inlet(s) location and its

contributing drainage area.

iIf storm sewer hydraulic design is carried out by hand, calculations of HGL
profile and pipe friction and junction losses. If storm sewer design is carried out
with a computer pipe model, a listing of the model input and output. Storm
sewer plans submitted to the City Engineer for review shall have the HGL

plotted on the profile.
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7.0 CULVERTS

This section contains a discussion of required procedures for determining the culvert
size and shape which will provide optimal economic and hydraulic design for a given design
discharge and allowable headwater elevation.

7.1 GENERAL DESIGN REQUIREMENTS

The following general requirements apply to culvert design and construction within the

City of Longview.

7.1.1 Desirn Frequency

All culverts in the City of Longview shall be designed to handle the 100-year flood flow

for development conditions comparable to a C factor corresponding to a SF-4 residential
development (C = 0.70) without causing upstream or downstream water surface profiles to exceed
maximum levels. - Maximum levels require that no water will overfop a bridge or road structure
during the 100-year event and that a 1.0-foot freeboard shall be maintained in the channel.
Exceptions to this requirement must be approved by the Office of the City Engineer

7.1.2 Culvert Length

Culverts shall be designed to span the road or railroad right-of-way unless prior
approval for a shorter culvert is obtained from the Office of the City Engineer.

7.1.3 Headwalls
Headwalls and endwalls shall be utilized to control erosion and scour, to anchor the
culvert against lateral pressures, and to insure bank stability. Headwalls shall be constructed of

reinforced concrete or other materials as approved by the Office of the City Engineer and may be

either straight and parallel to the channel, flared, or warped, with or without aprons, as required
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by site and hydraulic conditions, Protective guardrails should be included along culvert headwalls

where necessary.
7.1.4 Minimum Culvert Sizes

The minimum pipe culvert diameter shall be 24 inches and the minimum box culvert
dimension, horizontally or vertically, shall be 2 feet. These restrictions are made to guard against
flow obstruction. Sizes less than these shall be considered on a case-by-case basis by the Office of

the City Engineer.

7.1.5 Manning’s "n" Values

Unless authorized by the Office of the City Engineer, the minimum Manning’s "n" value

1o be used in concrete culverts shall be 0.013.
7.1.6 Eropsion

Culverts, because of their hydraulic characteristics, generally increase the velocity of
flow over that found in the natural channel. For this reason, the tendency for erosion, especially
at the outlet, must be addressed, In general, culvert discharge velocities in unprotected channels

should not exceed allowable channel velocities as defined in Table 5-1.

7.1.7 Structural Requirements

The following structural requirements must be met for culvert design in the City of

Longview:

A.  All precast reinforced concrete pipe should be Class III and ASTM C-76

(minimum).
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B.  All precast reinforced concrete box culverts with more than two feet of earth

cover shall meet requirements of ASTM C789-79 or latest revision thereof.

C.  All precast reinforced concrete box culvertis with less than two feet of cover shall
be ASTM 850-79 or latest revision thereof.

D.  There shall be no corrugated metal pipe (CMP) used on City-approved projects.
E. ASSHTO HS20-44 loading should be used for all culverts.

F.  Where guardrails are required at roadway culvert crossings, the approach ends
of the guardrail shall be flared away from the roadway and properly anchored per
Texas Department of Highways and Public Transportation Standards.

G.  Joint sealing material for precast concrete culverts shall comply with "AASHTO
Designation M-198 741, Type B, Flexible Plastic Gasket (Bitumen),"
specification. All pipe joints will be wrapped and sealed with flter fabric.

H.  Backfill requirements should be an integral part of culvert plans. Cohesive
backfill around culverts should be a select material having a Plasticity Index of
17 or less.

L The City of Longview promotes the use of geotextiles and geosynthetic as
applicable to the design of drainage structures. Recommendations on acceptable
practices and specifications can be obtained from the Office of the City Engineer.

CULVERT HYDRAULIC DESIGN

The fundamental objective of hydraulic design of culverts is to determine the most

economical size at which the design discharge is passed without exceeding the allowable headwater
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elevation or causing erosion problems. However, there are numerous hydraulic considerations in

culvert design which can make the design process somewhat complex.

7.2.1 Culvert Flow Tynes

The hydraulic character of a culvert is said to be either inlet-controlled or outlet-
controlled. Inlet control means that the flow rate in the culveri is limited by the hydraulic and
physical characteristics of the inlet of the culvert alone. These include headwater depth, barrel
shape, barrel cross-sectional area, and/or the type of inlet edge. For inlet control, the barrel

roughness, length, and slope are not factors in determining culvert capacity.
Under outlet contrel, the discharge capacity of the culvert is dependent on all of the
hydraulic variables of the structure. These include headwater depth, tailwater depth, barrel shape,

cross-sectional area, barrel roughness, slope, and length.

7.2.2 Headwater Depth

In ali culvert‘design, headwater (depth of ponding at the entrance to the culvert) is an
important factor in culvert capacity. The headwater depth (HW) is the vertical distance from the
culvert entrance invert (flow line) to the energy line of the approaching flow. Due to low velocities
in most entrance pools and the difficulty in determining velocity head in the flow, the energy line

can often be assumed coincident with the water surface.

7.2.3 Tailwater Depth

For culverts under outlet control, tailwater depth is an important factor in computing
both headwater depth and the hydraulic capacity of the culvert. If flow in the channel downstream
of the culvert is subcritical, a backwater analysis or calculation of normal depth is warranted to
determine the tailwater elevation. If the downstream flow is supercritical, tailwater is generally

inconsequential to the culvert’s hydraulic capacity.
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7.2.4 Culvert Capacity Under Inlet Control Conditions

Under inlet control, the culvert entrance may or may not be submerged. However, in
all cases inlet-controlled flow through the culvert barrel is free surface flow. When the culvert inlet
is submerged under inlet control conditions, culvert capacity is best determined using standard
empirical relationships based on laboratory research with models and full scale prototypes.
Headwater vs. discharge relationships based on research of this kind are presented in the inlet
control nomographs (Charts 7-1 and 7-2).

7.2.5 Culvert Capacity Under Qutlet Control Conditions

Culverts flowing with outlet control can flow with the culvert barrel full or partially full
for part or all of the barrel length. Both the headwater and tailwater may or may not submerge the
culvert. In general, outlet control is most likely to occur when the vertical difference between the

elevations of the headwater and the tailwater is small.
Outlet control nomographs are presented in Charts 7-3 and 7-4.
7.3 CULVERT DESIGN PROCEDURE

It is possible by involved hydraulic computzx.tion.s to determine the probable type of flow
~ under which a culvert will operate for a given set of conditions. However, such computations can
be avoided by determining the headwater necessary for a given discharge under both inlet and outlet
flow conditions. The larger of the two will define the type of control which will actually exist and
the corresponding headwater depth. Figure 7-1 provides a logical means for documenting culvert
design and is required for City review of all culvert designs. The following is the recommended

procedure for culvert design.
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Step 1. List design data -

A.  Design discharge (Q), in cfs, with return period.

B.  Approximate length (L) of culvert, in feet.

C. Slope of culvert. If grade is given in percent, convert to slope in feet per feet.

D. Allowable headwater depth, in feet, which is the vertical distance between the
culvert invert (flowline) at the culvert entrance and the permissible water surface

elevation in the headwater poo! or approach channel upstream from the culvert.

E. Flow velocities in the channel upstream and downstream of the proposed culvert

location.

F. Type of culvert for first trial selection, including barrel material, barrel cross-

sectional shape and entrance type.

Step 2. Determine the first trial cuivert size -

Since the procedure given is one of trial and error, the initial trial size can be
determined initially utilizing the inlet control nomographs (Charts 7-1 and 7-2) for the culvert type
selected. An HW/D musl be assumed along with the given Q {o determine a trial size.

If any trial size is too large in dimension because of limited height of embankment or
availability of size, multiple culveris may be used by dividing the discharge appropriately among the
number of barrels used. Raising the embankment height or the use of box culverts with width
greater than height should also be considered. Final selection should be based on applicability and

cosis.
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Step 3. Find headwater depth for trial size culvert assuming inlet control -

Al

Assuming inlet control and using the trial size from Step 2, find the headwater
depth (HW,;,.)) by use of the appropriate inlet control nomograph (Charts 7-1
and 7-2). Tailwater (TW) conditions are to be neglected in this determination.
HW,,;., in this case is found by multiplying HW/D obtained from the nomographs
by the height of culvert (D).

If HW,,, is greater or less than allowable, try another trial size until HW,,,, is

acceptable for inlet control before computing HW for outlet control.

Step 4. Find headwater depth for trial size culvert assuming outlet control

A

12010/900131

Estimate or calculate the depth of tailwater (TW), in feet, above the flowline at
the culvert outlet for the design flow rate in the outlet channel. This is best
accomplished with a water surface profile model using HEC-2. If the
downstream channel is reasonably uniform in slope and configuration, Manning’s
Equation can be utilized with the hydraulic routine "Normal Depth in Non-
Circular Channel” to determine tailwater elevation. If the flow in the
downstream channel is supercritical, the tailwater elevation can generally be

assumed to lie below the top of the culvert at the outlet,

For tailwater (TW) elevation equal to or greater than the top of the culvert at
the outlet set d, equal to TW and find HW,

outlet

by the following equation:

7-7
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HWgyee = H + d; - LS, (7-1)
where HW = vertical distance in feet from culvert invert (flowline) at entrance to the pool
surface
H = head loss in feet as determined from the appropriate nomograph (Charts 7-3
and 7-4) _
d, = vertical distance in feet from culvert invert at outlet to the water surface

elevation (bydraulic grade line)
S, = slope of culvert barrel (feet/feet)
L = culvert length (in feet)

Note: For tailwater (TW) elevations less than the iop of the culvert at the outlet,
find headwater HW ., by Equation 7-1 as in Step 4 above except that

d, = d.= D2 or TW (whichever is greater)
where d, = critical depth in feet (Charts 7-5 and 7-6)
Note: d. cannot exceed D
D = height of culvert opening (feet)

Step 5. Compare the headwaters found in Step 3 and Siep 4 (inlet control and outlet control) -

Comparing the headwater elevations (HW,,,,, vs. HW,,.) the higher headwater

inlet
governs and indicates the flow control existing under the given conditions for the trial size selected.
1f outlet control governs and the HW is higher than is acceptable, select a larger trial size and find
HW as instructed under Step 2. (lniet control need not be checked, since the smaller size was

satisfactory for this control as determined under Step 4.
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Step 6. Try other culvert tvpes or shapes -

Try additional culvert types or shapes worthy of consideration, determine their size and
HW by the above procedure.

Step 7. Compute outlet velocities -

Compute outlet velocities for size and type to be considered in selection and determine

the need for channel protection.

If outlet control governs in Step 5 above, outlet velocity equals Q/A, where A is the
cross-sectional area of flow in the culvert barrel at the outlet. If d_ or TW is less than the height
of the culvert barrel, use A corresponding to d_ or TW depth, depending on whichever gives the

greater area of flow. A can not exceed the total cross-sectional area A of the culvert barrel.

if inlet control governs in Step 5, outlet velocity can be assumed to equal mean velocity
in open-channel type flow in the barrel as computed by Manning’s Equation (Figure 5-5 or with the
hydraulic computer routines "Normal Depth in Circular Channel" or "Normal Depth in Noncircular

Channel" for the rate of flow, barrel size, roughness and slope of the culvert selected.

Step 8. Record culvert selection -

Record final selection of culvert with size, type, required and computed headwater, and

outlet velocity. See Section 7.4 for required information to be submitted to the City.

7.4 MATERIALS TO BE PROVIDED FOR CITY REVIEW

The engineer shall be required to submit a summary of the technical calculations used

in the design of any culvert. This includes at a minimum:

A.  Calculations used to determine the design discharge for the culvert(s).
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A summary table delineating design flow rate, culvert length, culvert slope,
allowable headwater depth, tailwater depth, selected culvert type and size, flow
velocity at culvert outlet, and designation of inlet or outlet control. See standard

reporting sheet - Figure 7-1.

7-10
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8.0 STORMWATER DETENTION/STORAGE

The introduction of impervious cover and improved runoff conveyance serves in many
cases to increase flood peaks quite dramatically over those for existing conditions. When physical,
topographic, and economic conditions allow it, channel improvements downstream of development
are often used to prevent increased flooding. When this is not feasible, a widely used practice is
runoff detention or retention storage wherein the storm volume is held back in the watershed and
released at an acceptable rate. This section of the manual presents information on storage

techniques, including guidance for the design of appropriate storm runoff storage facilities.
8.1 CITY OF LONGVIEW MASTER DRAINAGE PLAN

Development in a watershed can have complex and far-reaching consequences on the
overall hydrologic regime. For this reason, careful plans for anticipating and meeting the long-term
flood control and drainage needs of the City of Longview have been developed as part of the City’s
"master drainage plan." The goal of this work has been to provide the most practical and efficient
basin-wide approach to the hydrologic consequences of ongoing or future development, including
proper coordination of storm detention facilities and channel improvements. Accordingly, prior to
the formulation of drainage plans, the Office of the City Engineer must be consulted concerning

preferred watershed flood control strategies and alternatives.

In the City of Longview jurisdictional aren, all drainage design shall assume a level of
development equivalent to SF-4 zoning (5 vnits per acre) which equates to a Rational Method C-
.factor (or equivalent vsing an alternate method) of 6.70 for a 100-year return period (see
Table 4-1). The determination of stormwater detention design requirements (e.g., storage volume,
outflow) will depend on the status of Master Drainage Plan improvements in affectéd downstream
drainageways. If the downstream Master ‘Plan improvements have been built or funded and
scheduled for construction in the near future (to the City of Longview's satisfaction), sufficient
stormwater detention must be provided such that 5., 25- and 100-year peak flow rates assuming a
SF-4 level of development will not be exceeded in downstream areas due to the proposed
development. If Master Plan improvements have not been built or funded and scheduled for
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construction in the near future (to the City of Longview’s satisfaction), sufficient stormwater
detention must be provided such that 5-, 25- and 100-year peak flow rates for existing conditions
will not be exceeded in downstream ereas due to the proposed development.

The developer and the design engineer shall bear total responsibility for flooding
occurring downstream of the subject property, even if stormwater detention facilities are
constructed. In other words, meeting the regquirements of the City of Longview Master Drainage
Plan does not relieve the developer/engineer of responsibility for downstream flooding,

8.2 STORAGE CLASSIFICATIONS

Storage systems may be classified as either on-line or off-line facilitjes. They may be

designed for either detention or retention of stormwater,

8.2.1 Retention Storape

In a retention storage facility, runoff is captured and released only after the storm event

is over and the downstream water surface has subsided.

8.2.2 Detention Storape
The vast majority of flood control storage is handled by detention facilities. The

purpose of detention storage is to hold storm runoff back but release it continuously at an

acceptable rate through a flow-limiting outlet structure, thus controlling downstream peak flows.

82.3 On-line Storage

An on-line storage facility is one in which the total storm runoff volume passes through

the retention or detention facility’s outflow structure,
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8.2.4 Off-line Storape

An off-line storage design is one in which storm runoff does not begin to flow into the
storage facility until the discharge in the channel reaches some critical value above which
unacceptable downstream flooding will occur. An off-line facility serves to store only the high flow
rate portions of the flood event.

8.3 RECOMMENDED DESIGN METHODOLOGY

The stormwater detention design procedure recommended for use in the City of
Longview employs the SCS dimensionless unit hydrograph methodology to develop a time-varying
record of runoff flow rate from a subarea. This "hydrograph" is then "routed” through a detention
facility with a particular physical configuration and outflow structure using the Modified Puls routing
methodology. The term "routing” refers to keeping a running account of how much water enters
the detention facility, how much exits, and how much stormwater volume is being stored in the

facility.

To carry out this analysis, input procedures for the U.S. Corps of Engineers hydrologic
model HEC-1 (which will perform a great many hydrologic tasks) have been modified 1o address

only:
1. Hydrograph development in a single small subbasin.
2. Routing through a single detention facility with a user-supplied description of the

facility’s physical configuration and outflow characteristics.

Implementation of this detention design methodology is carried out utilizing menu item

#5 in HYDROLIB (Appendix C).
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Desipn Procedures

The following procedure should be followed for design of detention facilities in the City

of Longview.

12010/900131

Step 1 - Locate a potential detention facility site keeping in mind that the goal of
providing detention is to reduce post-development runoff rates 1o the C=0.70 level

under post-development conditions,

Step 2 - Determine the 5-year, 25-year and 100-year flow rates at the basin outlet
assuming a C value of 0.70. This task should be performed utilizing the rational
method (Section 4.0). Then, using the proper CN value associated with the particular
soil type (see Table 8-1). implement the "Detention Facility Design” routine for the
subject area to determine the SF4 development peak flow as calculated using the SCS
Method in HEC-1. The calculated peak flow rate is read from the line, "Peak Flow
Rate Entering Detention Facility", The lesser of the two values (from the rational
method and from the "Detention Facility Design" routine) will represent the SF4

development "targel” flow rate to be maiched through implementation of detention.

Step 3 - Determine a preliminary volume and configuration for the proposed detention

facility and its outlet structure.

Step 4 - Invoke the computer routine - "Detention Facility Design" by entering
"HYDROLIB".

Step 5 - Input the design storm frequency. In Longview, detention facilities must be
designed to effectively mitigate peak flow rates during the 5-, 25- and 100-year events,
in other words, during the 5-, 25-, and 100-year design storms, post-development peak
flow rates must not exceed post-development peak flow rates assuming SF-4

development (C=0.70). The 5-year frequency event should usually be selected for the

8-4
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first detention routing trial. The pond should be somewhat oversized for the S-year
event in order not to exceed its capacity during the 100-year flood.

Step 6 - Input the contributing drainage area in acres.
Step 7 - Input the time of concentration (as calculated using Section 4.3) in minutes.

Step 8 - Input the appropriate CN value for the proposed development condition. See
Table 8-1 for appropriate CN values.

Step 9 - Input the detention facility's preliminary physical configuration. This is
accomplished by inputting a range of elevations along with corresponding water surface
areas and pond outflow rates. Detention facility outflow rates for a given water surface
elevation in the facility are determined using the procedures for culvert design
described in Section 7.0 of this manual.

The first elevation should be the bottom of the pond and will usually have a water
surface area of zero (i.e. no water in the facility) and an outflow rate of zero. The
range of elevations should proceed up at intervals no greater than 1.0 or 2.0 feet and
should be sufficiently close that the particular pond configuration is correctly

represenied. The maximum allowable number of elevations is 10.

Step 10 - Run the model,

Step 11 - Evaluate "Peak Water Surface Elevation in Detention Facility". If it exceeds
the top of the pond berm, the facility is undersized. If it is far below the top of the

pond berm, the facility may be oversized.

Step 12 - Evaluate "Peak Flow Rate Exiting Detention Facility". If it exceeds the peak
flow rate for SF4 development (C=0.70) as derived in Step 2, the pond configuration
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and/or outlet siructure must be adjusted until the post-development flow-peak matches

or is less than the SF-4 peak.

Step 13 - Perform the above procedure again for the 25-year and 100-year flood events
50 that the detention facility will meet its goals for all design storms between the 5- and

100-year events.

General Comment - In many cases, the detention facility will not serve the entire site
of interest. Thus, careful consideration must be given to the requirement that flows
exiting the entire subject site, and not just the detention facility, match the target SF-4

development peak flow rate.
8.4 GENERAL DETENTION FACILITY REQUIREMENTS

The following general requirements must be met for all detention facility design and

construction in the City of Longview.

8.4.1 Detention Facility Qutlet Structures

Several outlet structure types are available to the engineer. Most common is the pipe

orifice exiting the facility through a berm or other flow containment structure at the elevation of

the bottom of the detention facility. This type of outfllow structure usually allows the facility to drain

completely dry after a minimal period of no precipitation.

The sizing of a pipe orifice outflow structure involves determination of the pond outflow

rate for varying water surface elevations in the facility. These outflow vs. water surface elevation
relationships are generally established using the "inlet control” charts (Charts 7-1 and 7-2) from
Section 7.0 of this manual. However, the engineer is warned that under certain circumstances,
excessive tailwater elevations at the outlet structure outfall can cause the outflow structure to flow

under outlet control conditions. If this is the case, the engineer must make conservative
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assumptions reparding the outflow characteristics of the facility and design according to the

techniques for analysis of outlet control flow described in Section 7.0 (see Section 8.4.4).

In some cases, weir-type outflow structures (as opposed to orifice-type) may be utilized
to meet the project’s flood control objectives. Examples include simple rectangular weir spillways,
V-notch weirs, and curb cuts in parking lots. Weir-type outflow structures function fundamentally
differently from orifice-type outflow structures in that the outflow rate for weirs is a function of H!~
(as opposed to H'? for orifices) where H is the depth of water above the flowline of the outflow
structure. Thus, with weirs, an increase in depth yields a proportionately higher increase in outflow

than for orifices.

QOutflow vs. depth relationships for weir-type outflow structures are generally

determined via an equation of the form:
Q = CLH"® (8-1)
where:
Q = oulflow rate (cfs)
L = length of the weir perpendicular to the flow (ft)

H = depth of water above the crest of the weir (ft).

Table 8-2 provides appropriate values of the weir coefficient "C" for varying water

depths and weir crest thicknesses.

Outflow vs. depth relationships for V-noich weirs can be reasonably determined from

the following equation:

Q = 2.5 tan (1/28) H*? (8-2)
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where:

8/

Q = outflow rate (cis)
6/2 = V-notch weir angle as shown here:
H = water surface depth above the botiom of the V-notch.

Curb cut outflow structures can generally be designed utilizing the formula described

above for broad-crested weirs.

842 Detention Basin Contour Grading

The detention basin can be constructed by berming a low-lying area, by full
embankment construction, or by a balanced design utilizing excavated material for embankment.
Whenever possible, the detaining pond should fit the natural contour of the land, be aesthetically

pleasing and free-draining. Side slopes of 3:1 or flatter are generally acceptable for shallow ponds.

8.4.3 Sedimentation and Erosion’

The detention basin should be spread with topsoil and seeded as soon as possible
following final grading of the developed site. Sedimentation acquired during the construction
operation may be redistributed over the site and stabilized by the planting of grass. Straw bale
barriers may be used as filtering devices along embankment slopes or al the inlets of the outlet
control structures. Any direct channels should be protected by using stone lining or mortared
rubble. Side slopes accepting large quantities of sheetfiow should be properly protected by mortared
rubble or by using concrete lining. Proper erosion protection must especially be provided at pipe
outfalls into the facility, pond outlet structures and overflow spillways where excessive turbulence
and velocities will cause erosion. The entire developed tract should be stabilized as soon as possible

lo prevent any aggravaled erosion caused by the disturbance of the construction operations.

12010900131 8-8
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8.4.4 Design Tailwater Depth for Qutlet-controlled Flow

In order to determine peak pond outflow rate, a relationship must be established
between the volume of storage (or depth) in the pond and the corresponding amount of discharge

through the outflow structure.

For the purpose of establishing a peak outflow rate under outlet-control conditions, the
engineer must make a judgment as to what will be the proper tailwater level for use in calculating

the storage-discharge relationship.

In general, it should be noted that an unreasonably high choice for the tailwater depth
will result in an oversized outflow structure and thus minimized attenuation of the peak outflow,
especially for smaller storm events. An unreasonably low choice for the tailwater depth will result
in an undersized outlet structure and the risk that the pond will be overtopped during the design

storm event,

8.4.5 " Allowances for Extreme Storm Events

Design consideration must be given to storm events in excess of the 100-year flood. An
emergency spillway, overflow structure, or swale must be provided as necessary to effectively handle
the extreme storm event. In places where a dam has been utilized to provide detention directly in
the channel, due consideration must be given the consequences of a failure, and if a significant

hazard exists, the dam must be adequately designed to prevent such hazards.

Detention facilities which measure greater than six feet in height are subject to 31 Texas
Administrative Code (TAC) Chapter 299 (Subchapters A through E), which went into effect
May 13, 1986, and all subsequent changes. The height of a detention facility or dam is defined as
the distance from the lowest point on the crest of the dam (or embankment), excluding spiliways,
to the lowest elevation on the centerline or downstream toe of the dam (or embankment) including
the natural stream channel. Subchapters A through E of Chapter 299 classify dam sizes and hazard

potential and specify required failure analyses and spillway design flood criteria.
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84.6 Storm Sewer Hydraulic Gradients

The hydraulic gradients in storm sewers shall be determined using procedures outlined
in Section 6 of this manual. When storm sewers outlet into a detention facility, the starting water

surface elevation for these calculations shall be the 25-year maximum pond elevation.

84.7 Detention Facility Maintenance

Once a detention facility is built, it is considered by the City of Longview to be a

permanent facility. Regular maintenance of detention facilities is required.
8.5 MATERIALS TO BE PROVIDED FOR CITY REVIEW

The engineer shall be required to submit a summary of the technical calculations used

in the design of any stormwater storage facility. This shal! include at a minimum:

1.  Rational method calculations for the 5-, 25- and 100-year pre-development and

posi-development condition flows.

2. The HEC-1 output utilized for final design including output for the SF-4

conditions HEC-1 run.

3. Calculations used to determine outflow structure rating curves.
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TABLE 4-1 (Concluded)

Return Period
. 5 25 100
Zoning Years Years Years
RESIDENTIAL AREAS
1 unit per 5.0 acres Rural E.stalc 0.37 0.44 0.50
{10% impervious)
1 unit per 2.0 acres N/A 0.39 0.46 0.54
{15% impervious)
1 unit per 1.0 acre A 0.42 0.49 0.56
(20% impervious)
2 units per 1.0 acre SF1 0.44 0.51 0.59
(25% impervious)
4 units per 1.0 acre SF2,8F3 TF 1, MF 1 0.50 0.58 0.65
(38% impervious)
5 units per 1.0 acres SF 4 6.70
45% impervious
8§ units per 1.0 acre SF5 TF 2, TF 3, MF 2, MF 3 0.63 0.7 0.79
(65% impervious)
12 units per 1.0 acre 6.70 0.78 0.87
(80% impervious)
SUBURBAN SHOPPING CENTER
(90% impervious) 0.76 0.83 0.52
CENTRAL BUSINESS DISTRICT
(95% impervious) 0.78 0.86 0.95
INDUSTRIAL
60% impervious 0.62 0.70 0.78
80% impervious 0.7 0.79 0.87

" See City of Longview Zoning Ordinance for more information.

12010/900131 A4
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TABLE 42

DETERMINATION OF DESIGN DISCHARGE
SUBAREA

DRAINAGE ARFEA (A)

Critical contributing drainage area to point of interest (acres) =

OVERLAND FLOW TIME (OR TIME TO CHANNELIZATION OF FLOW)

A B, ) C

Owerland [low distance Average slope ([UTt) From Figure 4-1, average Overland {low lime for surface (minutes)
(feet) for surface for surface velocity (ftisec) for surface Col. A/{60x Col. C)
1. /60 x =
2 50 x =
3 f60 x =

" Total overiand flow time (min) =

e —

TIME OF CHANNELIZED FLOW

A B. c
Channclized Mow distance Averape Slope ([U11) Average velocity {ftsec) Time of channelized flow (minutes)
(fect) for conduit for conduit for eonduit Col. A{60 x Col. C)
I /50 x =
2. /60 x =
3. /60 x =
Total Time of Channelized Flow (min) =
TIME OF CONCENTRATION
Te = Overland flow Time + Time of Channelized Flow (min.) = + =
DESIGN RAINFALL INTENSITY ()
Design Duration = Te = minutes From Figure 4-2
Storm Frequency = years Design Rainfall Intensity {in/hr} =
C FACTOR {C)
A B. Component C Value for Land Use
Land Use Area {acres) C Value for Land Use (Col. AfTotal Area) x Col. B
1 J. x =
2 / x =
3. J x =
4. / x =
5. X =
Composite C value for total drainage area =
DESIGN FLOW RATE

Application of Rational Formula:
Design Discharge () = Composite C x Design Rain Intensity (i) x Area (A)

Q (efs) = Cx i{in/br) x Afacres) = x x = cls

12010/200131 A5 q !f
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€ £ 80° In oll coses

MINIMUM EXTENT OF EROSION PROTECTION

Locotion ‘Distonce (#1.)
o 20
b longer of 50 or
075z Tm=Ton &
e 20’
25-yeor Velochy & ANGLE OF INTERSECTION &
in Side Charne!
{teet per second) 15° - P 45%=-80°
4 or more - Protection Protaction
2~4 No Protection Protection
2 or less ‘ Mo Protectlen No Projsttion

% Note: 25-year veloclty In side chonnel
gssuming no bockwoter from msln chonnel

FIGURE 5-—1
REQUIRED EROSION PROTECTION
AT CHANNEL CONFLUENCE
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S = SLOPE (feet per foot)

EXAMPLE SIDE SLOPES

004
GIVEN FIND SOLUTION HORIZONTAL TO VERTICAL
73
$:0.003 d %acwes Bl 211 31 41 81 6
oos 91000 171
nz 0029 8:40 X 0.086 , ooz
W=40 344 '
$5:4:)
0.02
100
100 80 003
50
80 e 80
70 3
e 70 004
60 -
00l 50 AN E— 60
0.009 A N - 005
- ~ E et =
0.008 ® - ~ E— 50 ==t
= ~ 3 =T
0.007 e ~ . e —
< 30 ~ F . 0.06
0.006 7E ~ 40 ==2
- N =007
-0.005 - 20 Y ==
- F ==y
d et : ST o0s
oo0a 7 s F-30 ==
// Zr o 0.09
~ % S ‘.'.; -
gl (38 o Ris]
0.003 20 =r
®[ g [
o= 620 8
L7 L =
0002 W e = o
| - S - o
s o= F
[5) [ R
(2] fra}
SE-4 "
) I i
&
3 I 0.20
0.00l — 10
0.0009 > — 9
00008 - 8
0.0007 -
0.0006 . 6 0.30
|
0.0008 0s
0.8 — S
0.0004 0.7
08 4 0.40
0.0003 0.5
NOTE! Project horlzontally from Ii scale g 1 0.50
fo obtain values for 2: thru 6:| )
0.0002 ‘
X 060
FIGURE &5-3

UNIFORM FLOW FOR TRAPEZQIDAL CHANNELS 0.70
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GRASS-LINED SWALE

\\\\\\\\ﬁf—-‘;r B -
\ \\\\\\\ __m___ ’;-_—:_’-_-////_.
T AN

F Z

GENERAL NOTES:

" L

Except as noted on construction plans or designated on-site, all trees, brush, stumps, obstructions,
and other objectionable material shall be removed and disposed of so as not to interfere with the
proper fun-tioning of the waterway.

. The waterway shall be excavated or shaped to line, grade, and cross-section, as required to meet

the criteria specified herein, and be free of bank projections or other irregularities which will impede
normal fow,

. Fills shall be compacted as needed to prevent unequal settlement that would cause damage in the

completed waterway.

.Allearthmnovedandnctneededinconstrucﬁonsha!lbespreadord@osedofsomatitwillnm

interfere with the functioning of the waterway.

. Stabilization shall be pONE AS FOLLOWS:

&. For design velocities of less than 3.5 feet per second, seeding and mulching may be used for the
establishment of the vagetation. It is recommended that, when conditions permit, temporary
diversions or other means should be used to prevent water from entering the waterway during
the establishment of the vegetation.

b. For design velocities of more than 3.5 feet per second, (fie waterway shall be stabilized with sod.

with seeding protected by jute or other blanket products, including temporary diversion of the
water until the vegetation is established.

FIGURE 5-6
GRASS—LINED SWALE

A-12 %’ %



GRASS-LINED SWALE
WITH STONE CENTER

GENERAL NOTES:

1.

Except as noled on construction plans or designated on-site, all trees, brush, stumps, obstructions,
and other objectionable material shall be removed and disposed ol s0 as not to interfere with the
proper tunctioning of the waterway. )

The waterway shall be excavated or shaped to line, grade, and cross-section, as required to meet
the criteria specified herein, and be free of bank projections or other irregularities which will impede
normal flow.

. Fills shall be compacted as needed to prevent unequal settlement that would cause damage in the

completed waterway.

. All earth removed and not needed in construction shall be spread or disposed of so that it will not

interfere with the functioning of the waterway.

. Stabilization shall be done AS FOLLOWS:

a. For design velocities of less than 3.5 feet per second. seeding and mulching may be used for the
establishment of the vegetation. It is recommended that when conditions permil. temporary
diversions or other means should be used to prevent water from entering the waterway during
the establishment of the vegetation.

b. For design velocities of more than 1.5 [eet per second. the waterway shall be stabilized with sod.
with seeding protecied by jute or other blanket products, including temporary diversion of the
water until the vegetation is established.

Low flow channels shall be constructed as shown above. The low flow section shall be stabilized

with concrete, stone or a gabion mattress.

FIGURE 5-7

GRASS-LINED SWALE
WITH STONE CENTER.

A-13
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TABLE 5-1

MAXIMUM DESIGN FLOW VELOCITIES
FOR OPEN CHANNELS

Channel Lining Maximum Velocity
Type (ft/sec)
Grass® - 80
Concrete 150
R-Rap 15.0
Concrete Pavers 15.0
Stone Riprap 15.0
Gabions i5.0

* For design velocities of less than 3.5 feet per second, seeding and
mulching may be used for the establishment of the vegetation. It is
recommended that when conditions permit, temporary diversions or
other means should be used to prevent water from entering the
waterway.

For design velocities of more than 3.5 feet per second, the waterway
should be stabilized with sod, with seeding protected by jute, Excellsior
Mat, Enkamat or with other comparable blanket products, including
temporary diversion of the water until the vegetation is established.

All sideslope vegetation and associated vegetation stabilization or

protection materials shall be adequately staked to the channel
sideslope.

12010800131 A-15
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TABLE 5-2

VALUES OF THE MANNING ROUGHNESS COEFFICIENT - (n)

Type of Channel and Description Minimum Normal Maximum

A.  Lined or Built-up Channels

Al.  Metal
a. Smooth steel surface
1. Unpainted 0.011 0.012 0.014
2. Painted 0.012 0.013 0.017
b. Corrugated 0.021 0.025 0.030
A2, Nonmetal
a. Cement
1. Neat, surface 0.010 0.011 0.013
2. Mortar 0.011 0.013 0.015
b Wood .
1 Planed, untreated 0.010 0.012 0.014
2. Planed, creosoted 0.011 0.012 0.015
3 Unplaned 0.011 0.013 0.015
4 Plark with batlens 0.012 0.015 0.018
5 Lined with rooﬁng paper . 0.010 0.014 0.017
C. Concrete :
1. Trowel finish 0.011 0.013 0.015
2. Float {inish 0.013 0.015 0.016
3 Finished, with gravel _ 0.015 0.017 0.020
: on bottom ' '
4, Unfinished 0.014 0.017 0.020
5. Gunite, good section 0.015 0.019 0.023
6. Gunite, wavy section 0.018 0.022 0.025
7. On good excavated rock - 0.017 0.020 -
8. On irregular excavated rock 0.022 0.027 --
d. Concrele bottom float finished
wilh sides of
1. Dressed stone in mortar 0.015 0.017 0.020
2. Random stone in mortar 0.017 0.020 0.024
3. Cement rubble masonry, plastered 0.016 0.020 0.024
4. Cement rubble masonry 0.020 0.025 0.030
3. Dry rubble or riprap 0.020 0.030 0.035
e Gravel bottom with sides of
1. Formed concrete 0.017 0.020 0.025
2. Random stone in mortar 0.620 0.023 0.026
3. Dry rubble or riprap 0.023 0.033 0.036
f. Brick
1. Glazed 0.011 0.013 0.015
2. In cement mortar 0.012 0.015 0.018
g Masonry
1. Cemented rubble 0.017 0.025 0.030
2 Dry rubble 0.023 0.032 0.035

12010500131 ' A-16




TABLE 5-2 (Cont'd)

Type of Channel and Description Minimum Normal Maximum
h. Dressed ashlar 0.013 0.015 0.017
1. Smooth 0.013 0.013 --
2 Rough 0.016 0.016 -
j- Vepetal lining 0.030 - 0.500
B. Excavated or Dredged
a. Earth, straight and uniform
L Clean, recently completed 0.016 0.018 0.020
Z Clean, after weathering 0.018 0.022 0.025
3 Gravel, uniform section, clean 0.022 0.025 0.030
4, With short grass, few weeds 0.022 0.027 0.033
b. Earth, winding and sluggish
1. No vegetation 0.023 0.025 0.030
2. Grass, some weeds 0.025 0.030 0.033
3 Densc weeds or aquatic 0.030 0.035 0.040
plants in deep channels
4. Earth bottom and rubble sides 0.028 0.030 0.035
5. Stony bottom and weedy banks 0.025 0.035 0.040
Cobble bottom and clean sides 0.030 0.040 0.050
c. Dragline - excavated or dredged
L No vegetation 0.025 0.023 0.033
2. Light brush or banks 0.035 0.050 0.060
d. Rock cuts o ' '
1. Smooth and uniform 0.025 0.035 0.040
2 Jagged and irregular 0.035 0.040 0.050
€. Channels not maintained, weeds
and brush uncut
1. Dense weeds, high as flow depth 0.050 0.080 0.120
2. Clean bottom, brush on sides 0.040 0.050 0.080
3. Same, highest stage of flow 0.045 0.070 0.110
4, Dense brush, high stage 0.080 0.100 0.140
C. Natural Streams
Cil.  Minor streams (top width at flood stage
<100 f1)
a, Streams on plain
1. Clean, straight, full stage 0.025 0.030 0.033
no rifts or deep pools
2. Same as above, but more 0.030 0.035 0.040
stones and weeds ‘
3. Clean, winding, some pools 0.033 0.040 0.045
and shoals
4, Same as above, but some weeds 0.035 0.045 0.050
and stones
5. Same as above, lower stages, 0.040 0.048 0.055
more ineffective slopes and
sections
12010/900131 A-17



TABLE 5.2 (Cont'd)

Type of Channel and Description Minimum Normal Maximum
6. Same as 4, but more stones 0.045 0.050 0.060
7. Sluggish reaches, weedy, 0.050 0.070 0.080
decp pools
8. Very weedy reaches, deep 0.075 0.100 0.150
pools, or floodways with heavy
stand of timber and underbrush
b. Mountain streams, no vegetation in
channel, banks usually steep, trees
and brush along banks submerged at
high stages _
1. Bottom: gravels, cobbles, and 0.030 0.040 0.050
few boulders
2. Bottom: cobbles with large 0.040 0.050 0.070
boulders
C2. Floodplains
a. Pasture, no brush
1. Short grass 0.025 0.030 0.035
2. High grass 0.030 0.035 0.050
b. Cultivaled areas
1. No crop 0.020 0.030 0.040
2, Mature row crops 0.025 0.035 0.045
3, Mature field crops 0.030 0.040 0.050
c. Brush
1. Scattered brush, heavy weeds 0.035 0.050 0.070
2 Light brush and trees, 0.035 0.050 0.060
in winter
3. Light brush and trees, 0.040 0.060 0.080
in summer
4. Medium 10 dense brush, 0.045 0.070 0.110
~ in winter :
5, Medium to dense brush, 0.070 0.100 0.160
in summer
d. Trees
1. Dense willows, summer, straight 0.110 0.150 0.200
2. Cleared land with tree stumps, 0.030 0.040 0.050
no sprouts
3 Same as above, but with heavy 0.050 0.080 0.080
growth of sprouts
4, Heavy stand of timber, a few 0.G80 0.100 0.120
down trees, little undergrowth,
flood stape below branches :
5. Same as above, but with flood 0.100 0.120 0.160
stage reaching branches
12010500131 A-18



TABLE 5-2 (Concluded)

Type of Channel and Description Minimum Normal

Maximum

C3.  Major streams (top width at flood stage
>100 ft). The n value is less than that
for minor streams of similar description
because banks offer less effective resistance
a, Regular section with no boulders 0.025 -
or brush
b. Irregular and rough section 0.035 -

0.060

0.100

12010/900131 A-19



TABLE 5-3

COMPUTATION OF COMPOSITE ROUGHNESS COEFFICIENT
FOR EXCAVATED AND NATURAL CHANNELS

n=m+n'+nP=n+n"Ym

Channel

Conditions Value
Material Involved Earth 0.020
n° Rockcut 0.025
Fine Gravel 0.024
Coarse Gravel 0.028
Degree of Irregularity Smooth 0.000
n! Minor 0.005
Moderate 0.010
. Severe 0.020
Variation of Channel Gradual - 0.000
Cross-Section Alternating 0.005

n? Occasionally
Alternating 0.010-0.015

Frequently

Relative Effect of Obstructions Negligible 0.000
n’ Minor 0.010-0.015
Appreciable 0.020-0.030
Severe 0.040-0.060
Vegetation Low 0.005-0.010
n* Medium 0.010-0.025
High 0.025-0.050
Very High 0.050-0.100
Degree of Meandering Minor 1.000
m Appreciable 1.150
Severe 1.300

Source: Ven Te Chow, Open Channel Hydraulics, McGraw-Hill, 1959.

12010200131
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FIGURE 7-1

CULVERT DESIGN REPORTING SHEET

Project:

Culvert:

Design Regquirements

Design Discharge: chs

Culvert Length: ft

Culvert Slope: fi/ft

Allowable headwaler depth ft
Tailwater depth for 100-year flow ft

Selected Culvert Design
Culvert type (box, RCP, etc.)
Culvert size ' ' ' '

100-year flow velocity at culvert outlet

Inlet control or outlet control
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TABLE 8-1

RUNOFF CURVE NUMBERS FOR SELECTED AGRICULTURAL,
SUBURBAN, AND URBAN LAND USES
(ANTECEDENT MOISTURE CONDITION 1L, |, = 0.2S)

Hydrologpic Soil Group

Land Use Description A B C D
Cultivated land?: withoul conscrvation treatment 72 81 88 [}
with conservalion Lreatment 62 7i 78 B1
Pasture or range land:  poor condition 68 79 86 89
good condition 39 61 74 80
Meadow: good condition 30 58 71 78
Wood or (orest land: thin stand, poor cover, no mulch 45 66 T B3
good cover’ 25 5 MW T

Open spaces, lawns, parks, golf courses, cemeteries, etc .
good condition: grass cover on 75% or more of the area 39 861 74

&0
fair condition: grass cover on 50% to 75% of the area 49 69 79 &4
Commercial and business areas (85% impervious) 89 92 o4 95
Indusirial districts (72% impervious) 81 g 9 93
Residentiat™;
Average lol size: Average 5 of impervious®:
1/8 acre or iess 65 ) &5 90 92
14 acre 38 61 75 83 87
173 acre 30 5T 81 85
1/2 acre 25 54 0 80 85
1 acre 20 51 68 79 2]
Paved parking lots, roofs, driveways, clc 5 98 98 598 98
Streets and roads:
paved with curbs and storm sewers® 98 98 98 98
gravel 76 85 8 9
dirt ) 72 8 8T 8%

I For a more deuailed description of agricultuma! land use curve pumbers, refer 1o Soil Conservation Service, 1972, Chapter 9.

2 Good cover is protected {rom grazing and litter and brush cover soil.

3 Curve numbers are computed assuming the runoff from the house and driveway is directed towards the street with a minimum of roof water
direcied to lawns where additional infiltration could occur.

T The remaining pervious area (lawn) are considered to be in pood pasture eondition [or these curve numbers.

5

In some warmer climates ol the country a curve number of 95 may be used,
SOURCE: Applied Hydrology (McGraw-Hill, 1989)

-§2010/900131 A0



TABLE 8-2

APPROPRIATE VALUES OF THE WEIR COEFFICIENT "C" FOR

BROAD-CRESTED WEIRS

Measured
head in . Breadth of crest of weir in feet
fect, H 0.50 0.75 1.00 1.50 200 250 3.00 4.00 5.00 10.00 15.00

0.2 2.80 275 2.69 262 254 248 2.4 238 2 2.49 2.68
0.4 2.92 2.80 272 264 2.61 2.60 258 2.54 250 256 2.70
0.6 3.08 289 275 264 261 260 268 2.69 270 270 270
0.8 3.30 304 285 268 2.60 2.60 267 268 268 269 264
1.0 332 314 2.98 275 266 264 265 2.67 268 2.68 263
1.2 332 320 3.08 2.85 2,70 2.65 2.64 2.67 2.66 269 264
1.4 33z 3.3 320 292 27 268 2.64 2.65 265 267 264
1.6 332 329 328 3.07 2.89 275 2.68 2.66 2.65 p 263
1.8 332 332 i3 .07 2.88 274 2.68 2.66 265 2.64 263
2.0 332 331 330 .03 2.85 276 272 2.68 .65 264 263
25 332 332 331 3.28 3.07 2.89 2.81 272 2.67 264 263
3.0 332 332 332 332 320 305 292 273 2.66 2.64 263
is 332 332 332 a3z 332 3.19 297 276 2.68 2.64 263
4.0 332 33z 332 132 K v 332 .07 279 270 2.64 263
4.5 332 i3z 332 332 332 332 ki) 2.88 274 264 263
5.0 332 332 332 332 332 is2 332 3.07 .79 264 2.63
55 332 332 332 332 332 iz 332 332 288 264 263

Source: Brater and King (McGraw-Hill, 1976).
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ESPEY, HUSTON & ASSOCIATES, INC.

1. EXAMPLE HYDROLOGIC CAT.CULATION

The following example is intended as a guide to proper application of hydrologic
methodologies required by the City of Longview for smaller development tracts with drainage areas

less than 100 acres.

EXAMPLE #1

Task: A 98.4-acre subdivision is to be constructed within the Longview City Limits (see
Figure Ein this section). The tract will include 8.1 acres of multi-family units, 52.3 acres of medium-
density single family residential property, a 14.6-acre commercial tract, and a 23.4-acre natural area
to be left undeveloped. The subdivision is to be laid out as presented in Figure E. For the
purposes of this example, the engineer’s job is to determine the flow rate to design channel
improvements along a section of Green Creek and the culvert at the Moore Road bridge (see

Figure E1 in this section).

Procedure:
Determine critical drainage area - Since the contributing drainage area does not exhibit
an unusual shape, the critical drainape area is assumed to include the entire area
draining to the point of interest. The critical drainage area is determined to be

37.6 acres. Of this, 4.6 acres is from offsite drainage. (see Figure E1)

Determine Overland Flow Time: Overland flow distance = 250 ft

Average slope of overland flow = 0.005 ft/ft

From Figure 4-1 (short grass pasture) average velocity of overland flow = 0.5
ft/sec

Overland flow time (time to channelization) = 250/[60 (0.5)] = 8.3 minutes

12010900131 B-1
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ESPEY, HUSTON & ASSOCIATES, INC.

Determine Time of Channelized Flow: Channelized flow distance has two components.

Storm sewer distance = 370 ft. Open channel distance = 903 ft.
The average slope of the storm sewer is determined to be 0.0075 ft/ft. The
average slope of the open channel is determined to be 0.005 ft/ft.
The hydraulic computer routine "Normal Depth in a Circular Channel” is used
to estimate average velocity in the storm sewer assuming:
slope = 0.0075 ft/f

estimated average flow rate = 12 cfs

{from Q = CiA)
pipe size = 24 inches
Manning’s "n" value = 0.013

The resulting flow velocity for flow in the storm sewer is 6.5 ft/sec.

The hydraulic computer routine "Normal Depth in a Non-Circular Channel” is
used to esimate average velocity in the channel section along Green Creek
assuming;

slope = 0.005 fi/it

estimated average flow rate = 120 cfs

(from Q = CiA)

estimated sideslopes = 2H:1V

estimated bottom width = 4 fi.

estimated Manning's "n" valnue = 0.040
The resulting flow velocity for flow in Green Creek is 3.8 ft/sec.

Time of channelized flow = 370/[60 (6.5)] + 903/[60 (3.8)] = 0.95 + 3.96 =

4.9 minutes

Determine Time of Conceniration: Tc = Overland Flow Time + Time of Channelized
Flow = 83 + 4.9 = 13.2 minutes

Determine Design Rainfall Intensity: Assume a storm duration equal to the time of

concentration (13.2 minutes) and a 100-year storm frequency.

From Figure 4-2, i = 8.0 in/hr.

B-2



ESPEY, HUSTON & ASSOCIATES, INC,

Determine C Factor: The contributing drainage area is made up of the following land

uses with associaled areas and C values (Table 4-1):

C value
Land Use ' Area from Table 4-1
Single Family (5 units/ac) 21.7 acres 0.70
Multi-family (8 units/ac) 0.5 acres 0.79
Commercial 6.1 acres 0.92
Natural Area 4.7 acres 0.45
Offsite 4.6 acres 0.70
Composite C value:
Single Famil 21.7 acres single family 0.70 C value for _
Y 37.6 acres total area X single family = 0.404
Multifamily (0.5/37.6)(0.79) = 0.01
Commercial (6.1/37.6)(0.92) = 0.15
Natural Area (4.7/37.6)(0.45) = 0.06
Offsite (4.6/37.6)(0.70) = ' 0.086
COMPOSITE C VALUE = 0.72
Determine Design Flow Rate: Apply the rational formula
Q = CiA.
217 cfs = (0.72)(8.0 in/hr)(37.6 acres)
Thus, design channel and culvert to accommodate 217 cfs,
Note: Design of smaller drainage areas such as for inlets and storm sewers proceeds in a
similar way.
12010/900131 B-3
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EXAMPLE #2

12010/900131

ESPEY, HUSTON & ASSOCIATES, INC.

EXAMPLE CHANNEL IMPROVEMENT DESIGN CALCULATION

Task: The goal is to design channel improvements for the channel section shown on

Figure E2.

Known: Design flow rate = 217 cfs from Example No. 1.

Procedure: Select design methodology - Since the proposed channel configuration and

slope will be relatively uniform in this area, it is acceptable to assume uniform
flow and design using Manning's Equation. However, it is important to note that
calculation of flow depth using Manning’s Eguation is not applicable in the
channel area immediately upstream of Moore Road. This is because the channel
will be constricted by the culvert passing under Moore Road and, thus, flow can
not be considered uniform. Flow depths in this area can be calculated either by
applying HEC-2 on Green Creek or by estimating the headwater elevation during
design of the Moore Road culverts. If the configuration of the proposed channel
is designed so as not to change beneath Moore Road, uniform flow can be

assumed and the use of Manning’s Equation is acceptable.
2 p

Choose a channel lining tvpe - Since the natural area bordering the creek
provides adequate width, and since grassed channels are generally less expensive
and aesthetically more pleasing than other sideslope treatments, utilize a grassed
channel with 3:1 sideslopes. Proposed sideslopes will not exceed 3:1, thus, it is

not necessary to be concerned about slope stability.

Select proposed channel depth - The existing natural channel is determined

to be on average about 4.0 feet deep. Thus, to minimize the depth of the
proposed channel, it is decided to build it only slightly deeper. A 4.5 foot depth

is selected.

4
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ESPEY, HUSTON & ASSOCIATES, INC.

Establish freeboard rguireinent - Maintain a recommended freeboard of
1.0 foot. Thus the required flow depth is 3.5 feet (4.5 foot channel depth -
1.0 foot freeboard).

Establish known design requirements - The following flow design

requirements are established.

- Design flow rate = 217 cfs

- Channel slope = 0.005 ft/ft -

- Manning’s "n" value = 0,04 (from Section 5.3.9)
- Channel depth = 4.5 feet

- Required flow depth = 3.5 feet

- Channel sideslope =31

- Channel bottom width = ??

Determine final channel! conﬁgufation - The only design parameter not yet

established is channe! bottom width. “When channel bottom width is tied down

it is possible to determine flow depth.

Utilizing the hydraulic routine, "Normal Depth in a Non-Circular Channel”,
it is determined by trial and error that a grassed channel with a bottom width of
5.0 feet, 3:1 sideslopes, and a channel slope of 0.005 ft/ft will carry 217 cfs (Qygp)
with a depth of approximately 3.4 feet.

Check Design Velocity - Using "Normal Depth in a Non-Circular Channel”

the design flow velocity is determined to be 4.1 ft/sec. 'This is an accepiable
velocity for grassed channels.

139
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ESPEY, HUSTON & ASSOCIATES, INC.

3. EXAMPLE OF INLET DESIGN
EXAMPLE #3

Task: It is necessary to design inlets for the single-family section of the proposed
development (Figure E3). For this example an inlet will be designed on Apple Street
in the southwest part of the development. Apple Street will be constructed to be
53 feet wide.

Known: The street configuration has been established as shown in Figure E3. The
allowable depth of flow at the gutter for Apple Street is determined to be 0.5 feet in

order to leave one lane open.

Procedure: Determine street drainage capacities - The proposed slope of Apple Street

is 0.01 fi/ft. From Figure 6-1 (c), Apple Street’s flow capacity is determined to be 10 cfs.

Determine the point where the gutter is flowing full - Begin at the high point and

estimate the downstream point where the gutter will flow full in the design storm. This
may be done on a 1" = 100" drainage area map. For the purpose of this example, a

portion of Figure E3 has been drawn at 1" = 100" and is shown as Figure E3A.

A C value of 0.72 is calculated for this drainage area in the 100-year storm. To
determine the time of céncentration and therefore intensity (i), the path of runoff flow
from the uppermost reach of the drainage area to the inlet is drawn. Using the method
explained in Section 4.5 of this manual, the time of concentration is determined to be

10 minutes.

Using the rational method (Q=CiA) and a trial and error process, a draénage area is
plotted on the drainage area map which will produce 10 cfs in the north gutter of Apple
Street during the 100-year event. For inlet design purposes, this value is increased by
10 percent to 11 cfs to account for possible clogging of the inlet. At this point, the

gutter is flowing full and an inlet is drawn on the drainage area map.

12010/900131 B-9
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Size the inlet - Using the weir equation described in Section 6.3 (step 5), determine the
inlet size which will capture all or most of the approaching flow. A standard 10-foot
inlet at a depth of 0.5 feet is found to capture 10.6 cfs. Thus, a remaining 0.4 cfs (11
cfs - 10.6 cfs) is assumed to bypass the inlet and must be accounted for at the next

downstream inlet.

The process is repeated for the next downstream inlet. Generally, inlets are placed at
the upstream corner of all intersections to eliminate (or minimize) flow across the

intersection.

B-10
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EXAMPLE OF STORM SEWER DESIGN

EXAMPLE #4

where:

12010/200131

Task: It is necessary to design a short reach of storm sewer {with one lateral) which

will serve to drain a portion of the single-family section of the proposed development.

Known: The proposed storm sewer layout is as shown in Figure E4. The necessary
pipe capacity has been determined (utilizing the rational method from Section 4.0) to
be 50 cfs.

Procedure: Establish downstream starting water surface elevation - From backwater
profiles established using HEC-2 on Fish Creek for the 25-year flow rate, the 25-year

water surface elevation at the storm sewer pipe outlet is determined to be 304.0 ft msl

(see Figure E4A).

Make initial sizing estimate - Given the natural grade, the probable pipe slope is

determined to be 0.022 ft/ft. . The hydraulic routine "Normal Depth in Circular
Channel” indicates that a 36-inch diameter RCP will carry the design flow (50 cfs)

under near full conditions at the required slope.

Calculate the profile of the HGL - Calculation of the HGL profile begins at the

downstream water/surface elevation - 304 ft. Since the outlet of the storm sewer is

submerged during a 25-year flow on Fish Creek, an outlet loss must be calculated,

outlet loss = V22g = (Q/A)%2g = (50/7.07)%/64.4 = 0.78'

V = flow velocity in the storm sewer at the pipe outlet (ft/sec)

Since the HGL elevation exceeds the top of the pipe at the outlet, the velocity can be

calculated assuming pressure flow conditions using the continuity equation:

B-13
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Q=VAorV =0Q/A

flow rate (ft*/sec)

Q
A

Hi

cross-sectional area of the pipe (ft)

il

The starting elevation for the FIGL is then equal to the tailwater elevation (304’) plus
the outlet loss (0.78") = 304,78

Since this elevation inundates the top of the storm sewer outfall, the pipe is assumed
to flow full at this point. Thus, Equation 6-1 is used to determine the slope of the
HGIL.. The computer routine "Slope of Hydraulic Grade Line" will solve equation 6-1.

Slope of HGL = n? Q%(1.49)% AZ R*?

In a circular pipe flowing full, R = pipe diameter
4.

In RCP, "n" is assumed to be 0.013. Thus:

Slope of the HGL = (0.013)? (50)*/(1.49)* (7.068)* (0.75)*? = 0.0056 fi/ft
Beginning at 304.78", the HGL is plotted at a slope of 0.0056 fi/ft. It is determined
that, at this slope, the HGL will intersect the top of the pipe approximately 260 feet
from the outfall. This point is estimated to be the location of the beginning of full fiow

conditions {no longer pressure flow) as you proceed upstream.

Beyond this point, as the HGL is plotted moving upstream, the HGL is conservatively

assumed to lie coincident with the top of the storm sewer pipe. At locations where head losses will

occur (i.e., inlets, manholes, junctions) the HGL will once again exceed the level of the top of tHe

pipe by jumping vertically an amount equal to the magnitude of the head loss. Beyond the point

12010/900131
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of the loss, where the HGL exceeds the top of the pipe, the slope of the HGL is once again
calculated via Equation 6-1 until it again intersects the top of the pipe.

Calculate Junction, Inlet and Manhole Losses - At the inlet, the HGL experiences a
head loss calculated as 0.05 (V32g). If the HGL exceeds the elevation of the top of the
pipe, the velocity V is calculated as Q/A where:

Q = flow rate in pipe (cfs)
A

cross-sectional area of pipe (ft%)

If the HGL does not exceed the top of the pipe, the velocity is calculated either with
the hydraulic computer routine "Normal Depth in Circular Channel” or with Figure 6-4.
In this case, the HGL does not exceed the top of the pipe at the location of the inlet
and the velocity is calculated to be 14.03 ft/sec. The above equation is used to calculate

head loss at the inlet.

Inlet loss = [(0.05)(14.03)%)/2(32.2) = 0.153’

Thus, at the point of the inlet loss, the HGL is caused to increase vertically by the
amount of the loss (0.153 ft).

Beyond this paint, the HGL once again exhibits a slope of 0.0056 ft/ft as calculated with
Equation 6-1 until the HGL again intersects the top of pipe another 26.0 feet upstream.

At the bend, and again at the junction, the loss is calculated using the hydraulic

computer routine "Junction and Bend Losses™ which solves Equation 6-3.
At the bend, the following conditions apply:

Q = Q = 5S0cfs
14.03 ft/sec (from Computer Routine "Normal Depth in

<
i
L
"

Circular Channel")

12010/900131 B-15
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D, = 15
Ay, = Ay = 3.0ft (diameter of pipe)* n/4 = 7.07 ft?

The resulting head loss from the "Junction and Bend Losses” routine is 0.105.

At the junction, the loss is again calculated using the hydraulic routine "Junction and

Bend Losses". The following conditions apply at the junction:

Ql = 30 cfs

Qz = - 50chks

Q; = 20 cfs (note that the sum of Q; + Q; must equal Q, to preserve
continuity)

V, = 611 fps

V, = 707 fps

Vy = 6.37 {ps (note that velocities are calculated assuming full flow in all pipes
thus V = Q/A).

D, = 55

Dy = 71° (see Figure E4)

A, = 25 ft (diameter of pipe)® n/4 = 4.91 ft

A, = 3.0 ft (diameter of pipe)* n/4 = 7.07 ft

A, = 2.0 ft (diameter of pipe)* n/4 = 3.14 ft?

The resulting head loss from the "Junction and Bend Losses” routine is 1.07 fi.

12010/500131 B-16
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5. EXAMPLE CULVERT DESIGN
EXAMPLE #5
Given: It is necessary to design a culvert for the road crossing Green Creek as shown

on Fipure E-5.

Krnown: From previous hydrologic calculations in Example #1, it is determined that

the design flow rate at the cuivert (100-year flow) is 217 cfs.

Given the physical configuration of the proposed channel near the culvert it is

determined that the maximum headwater depth (HW) at the proposed culvert is 6.0 feet.

Given the proposed road/bridge right-of-way width, it is determined that the culvert
must be 100 feet long (L = 100).

It is determined that the proposed culvert slope should match the existing average

channel slope: §; = 0.005.

From previous hydraulic calculations, it is determined that the average velocity of flow

for the 100-year discharge in Green Creek is 4.0 fi/sec.
It is decided that a reinforced concrete, multiple box culvért will be utilized.

Procedure: Select a first trial culvert size. This is accomplished by assuming inlet

control and consulting the inlet control nomograph for box culverts (Chart 7-1). As a first cut, it
is decided the culvert opening should be 4.0 feet in height. The maximum headwater depth is
determined to be 6.0 feet given the proposed road and channel configuration. The headwater depth

is assumed to be at its maximum (6.0 feet) during the 100-year flow.

Determine the required culvert width - Chart 7-2 (for inlet control) is consulted. HW/D
is determined to be 1.5 (6.0/4.0). From Chart 7-2, it is seen that a 4.0 foot high box culvert with

a 6.0 foot headwater depth will pass 40 cfs for every foot of width. Thus, the required box culvert

12010200131 B-19
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width must be about 5.4 feet (217/40) wide. 6.0 feet will represent the headwater depth under inlet

control conditions.

Determine headwater depth assuming outlet control - From a HEC-2 flow profile run
on Green Creek, it is determined that the flow depth at the culvert outlet will be 4.5 feet during the

100-year flood. This represents the tailwater depth (TW) for the culvert. Since TW is greater than
the culvert height, the culvert is submerged at its outlet. Thus D, is set equal to the tailwater (TW)
(d, = TW = 4.5 feet). |

If the tailwater had been less than the culvert height, HW would have been set equal
to the greater of (d. + D)/2 and TW. The value of d, (critical depth) is determined from charts 7-5
or 7-6.
HW, 4 i5 now determined from Equation 7-1: HW .., = H + d, - LS,
where:
H = energy loss (head) in feet as determined from the appropriate nomograph
(charts 7-3 and 7-4). In this case, Chart 7-4 ("Head for Concrete Box Culverts
Flowing Full") is consulted. The inlet loss coefficient k, is assumed to be 0.5.
From Chart 7-3, it is determined that H = 2.8 feet.

d, = TW, as determined above. d, = 4.5 feel.

L, S = L is the culvert length (100 feet) and S is the culvert slope (0.005 fi/ft),
thus LS, = 0.50 feet.

Thus HW, oy = 2.8 + 4.5 - 0.50 = 6.8 feet.

Compare HWs for inlet and outlet control - The headwater depth under inlet control

is 6.0 feet, HW for outlet control is 6.80 feet. Therefore, since HW is greater for the outlet control
condition, the proposed culvert will in reality flow under outlet control with a headwater depih of
6.80 (0.80 above the a]‘lowable).

12010900131 B-20
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Adjust culvert configuration - To reduce headwater depth the trial culvert size is

increased to 4 ft x 8 ft. This causes the head loss (H) calculated from Chart 7-3 to decrease to

1.35 feet. Thus, for outlet control,

HW = 1.35 + 4.5 - 0.50 = 5.35 feet

outlet
For inlet control (from Chart 7-2),

HW . = 4.9 feet

Since 5.35 >4.9, the flow is still outlet-controlled, b.ut the headwater depth of 5.35 feet
is not excessive and the design is acceptable. It is recommended that a variety of culvert sizes be

evaluated and "fine-tuned” prior to selection of a final culvert configuration.

Evaluate gutlet velacity - Since the culvert is flowing full, it is possible to determine the

outlet velocity directly from the continuity equation, Q = VA, where Q is the design flow rate and

A is the culvert cross-sectional area. In this case,

Velocity = 217 cfs/32 ft® = 6.78 fps.

Since the calculated outlet velocity (6.78 fps) does not exceed the value specified as a
maximum for natural channels (Table 5-1), this design would not require structural erosion

protection at the outlet.

Note, however, that if during lower flow events the culvert is not flowing full, the
computer routine "Normal Depth in a Non-Circular Channel” should be implemented to determine

velocity at the culvert outlet.
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6. EXAMPLE DETENTION FACILITY DESIGN CALCULATION
EXAMPLE #6

Given - Due to significant increases in impervious cover and drainage efficiency related
to the proposed development, it is necessary to provide detention to prevent flooding on Fish Creek
downstream of the proposed development. It is decided to place one detention facility to serve the
entire proposed development in the natural area near the confluence of Green Creek and Fish
Creek.

Step 1 - It is decided to design an online detention facility by placing a berm across
Green Creek near its confluence with Fish Creek. The outflow structure will consist of a pipe
orifice exiting the facility at the elevation of the pond flowline along with a 1.0-fi-deep, weir-type

- spillway at elevation 309.0.

Step 2 - The area draining to the detention facility is seen to be 80 acres. The time of
concentration for this area is calculated to be 18 minutes. Calculations utilizing the rational method -
for the area draining to the detention facility indicate the peak 5-, 25-, and 100-year flow rates are
as shown below. The "THYDROLIB" model is then invoked to determine the 5-, 25-, and 100-year
peak flow rates for SF-4 development draining to the pond using the SCS method in HEC-1.
Table 8-1 indicates that for the given combination of soil types and land uses, the CN value
associated with SF-4 development is 84. Using Option 5 in HYDROLIB, the peak 5-, 25-, and

100-year flow rates are as shown below:

Rational SCS

Method Method
100-year 403 464
25-year 336 _ 354
S-year 269 247

The target flow rates from the entire site for SF-4 development are then developed by
adding the lesser of the values shown above for each frequency storm to the comparable SF-4 flow

rates exiting the site area not draining to the pond:
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SF-4 Development SF-4 Development

for Area Not for Area Draining
Draining to to Detention Target Flow
Detention Facility Facility for Entire Site
(cfs) ' (cfs) (cfs)
S-year 71 247 318
25-year 95 336 431
100-year 117 403 520

Step 3 - A preliminary detention configuration is determined assuming some excavation

in the Green Creek drainageway to provide extra storage. The first cut configuration is:

Elevation Surface Outflow
{ms]) (acres) {cfs)
304 (1] 0
305 0.55 30
306 1.12 96
307 . 1.60 162
308 1.80 222
309 2.00 270
310 ' 220 425

Step 4 - Invoke "HYDROLIB" Option 5.

Step 5 - Input the proposed conditions hydrologic data. Begin, by inputting the 5-year
event rainfall. The contributing drainage area is 80 acres. The time of concentration is 18 minutes.
The SCS curve number is determined for the actual proposed development to be 94. The
preliminary detention facility described in Step 3 is input.

Step 6 - The model is run.
Step 7 - The model indicates that the "Peak Water Surface Elevation in the Detention
Facility” is 308.15. This is 0.85 ft less than the elevation of the spillway crest. The "Peak Flow Rate

Exiting the Detention Facility" is 229, The actual development conditions, 5-year peak flow from

the area not draining to the detention facility is determined to be 88 cfs. Thus, the peak 5-year flow
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exiting the entire site is 229488 = 317 cfs. This value is 1.0 c¢fs less than the target of 318 cfs as

shown above, thus for the S-year detention facility, this pond configuration will succeed.

Step 8 - Check the other frequency storm events. The 100-year rainfall event is input
to the model. Now, the model indicates that the peak water surface elevation in the facility reaches
309.98. Thus, the spillway is overtopped by 0.98 ft. The peak 100-year flow rate exiting the
detention facility is seen to be 422.0. The actual development conditions, 100-year peak flow rate
from the area not draining to the pond is determined to be 145 cfs (higher than for SF-4). Thus,
the post-detention, 100-year peak flow exiting the entire site is 145+422=567 cfs.

This value exceeds the target 100-year peak of 520 cfs. Thus, the pond volume should
be adjusted upward until the 100-year proposed conditions flow for the entire site does not exceed

the 100-year SF-4 development conditions flow rate for the entire site.

Step 9 - Adjustments to the pond configuration are made and the above procedure is
performed again for the 5-, and 25-year events until the facility performs adequately for all three

sizes of design storms.

12010900131 B-25

(53



NOLLYHNOLENOD ONY NOLLYDO'1
ALOVL NOLINZL3Q

9# AdNE
93 IENDIA
MIADNOT 20 AHD ﬁwm_

‘SLNS3 IDVYNIVHA ®

VIHY TVHNLYN !

AVIOHIWWOD WO
ATAVH-UNW iy
ANMWVYL ITODNIS 4S5
UhED =

00r=1

mm——

\
N\ T T as | \/
/ \ / b
VA T O N R I.V_,\\.\ 3QIAI0 IDVNIVHA

o R ——

1Sd

B-26



APPENDIX C
HYDROLIB

155



ESPEY, HUSTON & ASSOCIATES, INC,

APPENDIX C
HYDROLIB

TOOLS AVAILABLE FOR COMPLIANCE WITH CITY OF LONGVIEW.
DRAINAGE DESIGN REQUIREMENTS

Provided with this manual is a floppy disk containing several simple hydraulic routines.
These easy-to-use, interactive programs will serve to greatly facilitate the engineering design
process. Each is referenced in the appropriate sections of this manual and the design engineer is

encouraged to utilize them,

The hydraulics library can be invoked by typing HYDROLIB. The user will then see

a menu from which o select the appropriate routine. The menu will appear as follows:

Slope of hydraulic grade line
Junction and bend losses

Normal depth in non-circular channel
Normal depth in circular channel
Detention facility design

Exit

A

Routine #1, "Slope of Hydraulic Grade Line", will calculate the friction slope of the

HGL assuming pressure flow conditions in a pipe conduit (storm sewer). Its technical basis and

appropriate application are referenced and explained in Section 6.0, "Inlets and Storm Sewers".

Routine #2, "Junction and Bend Losses", utilizes an equation developed by the City
of Los Angeles, Bureau of Engineering, Storm Drain Design Division (1968) to calculate head
losses at junctions and bends in a storm sewer system. The technical basis for this methodology

and its appropriate application are discussed in Section 6.6 (Step 5) of this manual.

12010/900131 C-1
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Routine #3, "Normal Depth_in Non-Circular_Channel”, carries out an iterative

solution of Manning’s Equation for uniform flow to determine depth, velocity, Froude Number,
velocity head and specific energy in a trapezoidal channel flowing at normal depth (uniform flow).

This routine is referenced and recommended for use in several sections of this manual.

Routine #4, "Normal Depth in Circular Channel", carries out an iterative solution of
Manning's Equation for uniform flow as described above, except that the channel is a circular pipe

conduit. This routine is referenced and recommended for use in several sections of this manual.

Routine #5, "Detention Facility Design", incorporates the U.S. Corps of Engineers
hydrologic analysis program, HEC-1, to perform a simple hydrograph determination in a small
subarea and 10 route the hydrograph through a detention facility of known configuration. This
easy-to-use, interactive application of HEC-1 will insure proper design of stormwater detention

facilities,

12010500131 c-2
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Al.0 INTRODUCTION

A basic hydrologic or stormwater runoff model for the Longview Texas study area was
developed using the generalized computer program HEC-1 (USCE, 1981) incorporating the U.S.

Soil Conservation Service (SCS) methodology (USDA, 1971; USDA, 1975) for storm runoff
- F‘_——‘M
determination. Procedures outlined in the SCS National Engineering Handbook, Section 4,

__———-"_"_—‘P—w - .
Hydrology (NEH-4) (USDA, 1972), are adequate for determining volumes, peak rates, an

—

hydrographs of runoff from urban areas. The increase in the volume of runoff due to urbanization
mpewious area than on any of the other watershed constants.
The soil-cover complex and associated runoff curve number procedure outlined in NEH-4 can be
used to measure the change in runoff volume caused by urbanization. By using land use patterns
found in an urban area and accounting for impervious area, a composite weighted curve number
representing runoff potential from the watershed can be determined. Changes in the time-area
relationship (lag time) can be estimated by hydraulic analysis of flow velocities and storage.
Changes in channel routing can be estimated by hydraulic analysis of channel flow rate, velocities

and storage.

As indicated in"Section 3, modeling results are provided under separate cover due to

its larpge volume.

A20 STORMWATER RUNOFF

A21 STUDY APPROACH

The HEC-1 computer model was used to develop hydrographs from watersheds in the
study area based on soil types and conditions, land uses, elevation differences, and rainfall amounts
associated with storms of a wide range of frequencies. Two models (existing conditions and future
conditions) were developed relating to the degree of urbanizalioﬁ (percent impervious cover) to

stormwater runoff for the 10, 50, 100, and 500-year storm rainfall frequencies.

12512/900590 A-l
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A2.2 WATERSHED MODELING

Az221 SCS_Runoff Curve Number

In the SCS TR-55 methodology, the land use, hydrologic condition of the soil, and the

hydrologlc soil classxf' cation are used to define a runoff curve number, CN, for a particular

dramage basin or sub-basin. ‘The curve number is an indication of the runoff. producing potential

—

of the dramage area for a gwen antecedent soil moisture condition, and it ranges in value from 0

to 100. The SCS runoff curve numbers are grouped into threg:h_,te,_t_:_cdent soil [mbisture j@dmons
—~ AMC I, AMC I, and AMC III._Values of runoff curve numbers for all three conditions may

be computed following guidelines in the SCS National Engineering Handbook (USDA, 1972).
AMC Iis the dry soil condition, and AMC 111 is the wet condlt:on AMCIIis normally ¢ cons:dered

e e ——
- .

lo be the average antecedent moisture condmon However, studies of hydrologic data indicate that

antecedent moisture condition I is not the average throughout Texas (USDA, May 5, 1978).

Instead, investigations have shown that the ‘average condition ranges from AMC 1 in west Texas

to between AMC II and AMC III in east Texas For the Longwew Study Areg, a correction to the

ot ot e

curve number undcr average soil moisture conditions. The followmg equation applies for thc

Ry AP a1 TR

wcmlty of the project (USDA, May 5, 1978):

CN = CNII + 0.2 (CNIII - CNII) _ (1)
__"-‘-.——'M 2
where CN is the computed runoff curve number for average soil moisture conditions, CNII is the

runoff curve number for AMC 11, and CNIII is the runoff curve number for AMC III. This

adjustment does not apply when the AMC II runoff curve number is less than 60.

Rarely is a watershed composed of both homogeneous land cover and soils of the
same hydrologic soil group. 1t is therefore necessary to integrate the soils data with the land use
information to arrive at a value of the runoff curve number for the watershed or subarea.

Accordmgly the followmg data on land use, soil type and corresponding curve number,

representative of the Longwew area, were composed.

et L
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A22.2 Hydrologic Classification of Soils

The general soils maps for Gregg and Upshur Counties (combined) and Harrison

County (USDA, 1983) and (USDA, 1974) are the most current information available on the soils

within the watersheds encompassing the Longview study area. The soil series delineated on these

e

maps are the dominant series for each delineation, although smaller areas of other soil types may

occur.,

runoff potential. These groups are A, B, C, and D. They vary from a low runoff potential found

in Group A to a high runoff potential for Group D soils. The following conditior( I?}urve
T e Rt i -

numbers were selected for use in the Longview study:

o Amec I
SRL P
Condition II A ?’(“}"ﬁ..
Curve Number Jpliaiy <
Aot

Land Type Soil Type &~ e be

Symbol * Description A B T) D

SFR Single Family' 61 75 83 87

MF, MH Multi Family B 85 30 92
Mobil Home

C, PU Commercial 89 92 94 95
Public Use

UNDEV Undeveloped? 43 65 76 82

I Industrial 81 g8 91 93

P Parkland® 49 69 79 84

Assumes 1/4 acre lots (35% to 40% average impervious cover).
CN'’s assume areas with 50% woods and 50% pgrass pasture in fair condition.

Assumes cover in fair condition (grass cover over 50% to 75%).

That portion of the study area within Gregg County is predominantly in two soil

associations: Bowie - Cuthbert - Kirvin and Mantachies - Iuka. The Mantachie - Iuka unit is

12512/900550 A-3
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Cuthbert - Kirvin unit is associated with uplands ahd is comprised of a mix of soils in Hydrologic
Groups B and C; approximately 42% B and 58% C. Ti_?é:fﬂlww_n weightéd AMC condition II

ESPEY, HUSTON & ASSOCIATES, INC.

curve numbers were applied for the Bowie - Cuthbert - Kirvin soils unifi,

Symbol
SFR

MF, MH

C, PU

UNDEV

Land Use
Single Family

Multi Family
Mobile Home

Commercial
Public Use

Undeveloped

Industrial

Parkland

e

Watersheds on thé east side of Longview/in Harrison Countj are primarily comprised

of the Kirvin - Bowie association consisting of about 38% Kirvin soil in Hydrologic Group C, 32%

Uea londs

—_—

Condition II

Curve Number

79.6

87.9
93.2

71.4
89.7

74.8

Bowie soils in Group B and 30% other

i

were applied for the Kirvin - Bowie association:

Symbal
SFR

MF, MH

C PU

UNDEV

12512900590

Land Use
Description

Sir{gle Family

Multi Family
Mabile Home

Commercial
Public Use

Undeveloped
Industrial

Parkland

A4

soils. The following weighted Condition II curve numbers
' E2ud side o éﬂ"!‘s\-"‘-ﬁ‘u"/

Curve Number

79.3

877

93.1

70.9

89.6

74.4

L5
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A22.3 Land Use

Delineation of definitive land uses permits estimation of impervious cover for existing
as well as future watershed development. Estimated percent impervious cover for various types
of residential development corresponding to mean dwelling units per acre have been developed
by the U.S. Department of Agriculture (USDA, 1975 and USDA, 1986). Typical values for

residential development as well as commercial, industrial and public land uses are tabulated below.

e — T T T —
)

Residential districts by
average lot size

1/8 acre or less (town houses) 65%
1/4 acre 38%
173 acre - 30%
1/2 acre 25%
2 acres C 12%
Commercial and Business 80%
Industrial Use 72%
Public Use 85%
Park 25%
Undeveloped, with roads . 8%

Note: Includes streets, sidewalks, and all man-made impervious cover.

Existing Land Use

A comprehensive land use plan was updated by the Longview City Council in February
1985 (City of Longview, 1985). This plan provides data and maps of existing land use (1985) and
projected future land use to the year 2000.

12512000550 A-5
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The camprehensive plan delineates existing and future land use categories as follows.
(Estimates of impervious cover for each land use category were developed from the previous

table).

TN TN
@'sting Land Use (1985): _

w ‘:’,_..___\—‘"“"“-‘--Y——s.ﬁ\
Symbaol Land Use ¢ Impervious Area ))
Symbol Land Use (mp

SFR Single Family 35%

MF Multi Family 65%

MH Mobile Home 65%

C Commercial 72%

| Industrial - 12%

PU Public Use B5%

P Parks 25%

Future Land Use

For the purpose of watershed modeling and for defining the hydrologic response of
future land use conditions in the Longview study area, a set of SCS curve numbers for the
hydrologic soil groups A, B, C, and D were selected which translate to a Rational Method runoff
coefficient "C" corresponding to a residential development density of 5 units per 1 acre (SF-4
zoning). This was done since it is the City’s goal to accommodate peak runoff rates in Master

Drainage Plan improvements that could be expected from a SF-4 level of development.

Values of Rational Method runoff coefficients versus residential density (units/acre)
for a 100-year return perio& storm event are presented in Table 4-1 of the proposed City of
Longview Drainage Criteria Manual. The values of "C" shown in Table 4-1 of the manual were
plotted'against units per acre (Figure A-1). A runoff coefficient of C = 0.70 corresponding to §

units per 1 acre was indicated by the resuliing curve.
The impervious cover associated with each residential density presented in Table 4-1

of the manual was also ploited against the corresponding units per acre. The resulting impervious

cover related to a density of 5 units per 1 acre is 48 percent as indicated by the curve (Figure A-2).

1251200590 A-H
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In the application of the SCS methodology (TR-55) the average percent impervious

..area is used to develop composite values of curve number. The assumption used in developing

the curve numbers presented in Table 2-2a in TR-55 are: impervious areas are directly connected
to the drainage system, impervious areas have a curve number of 98, and pervious areas are
considered to be equivalent to open space in good hydrologic condition. Figure 2-3 on TR-55
allows for the estimation of curve numbers for other combinations of land use conditions. The

urban curve numbers in TR-55 Table 2-2a are assumed typical land use relationships,

Assuming all the impervious area is directly connected to the drainage system, and
pervious areas are equivalent to open space or pasture in good hydrologic condition TR-55 figure
2-3 was used to estimate composite curve numbers for a density of 5 units per acre.

Curve Number

Cover Type for Hvdrologic Soil Group
Land Use . . A B C D
Open Space
Good Condition (grass R C I
cover > 75%) 39 61 74 80
5 units per acre
(48% impervious area) 68 79 86 B9 .
A2.24 Integrating Soils Type and Land Use

Runoff curve numbers for the sub-watersheds in the study area were calculated for
AMC II following the standard SCS procedure (USDA, 1972), and the average condition curve

number was determined from Equation 1.

Successful integration of soils and land vse proceeds with the subdivision of the study
area watersheds. In order to evaluate future structural improvements to the drainage conveyance
system the criteria for subdivision is based on the delineation of the watershed to a 100 acre size

as the smallest division.

12512/900590 A-9
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The land use and general soils maps were enlarged and overlain on the USGS
topographic base. The percentage of the total sub-watershed area within each land use and soil
classification grouping was measured and tabulated as illustrated in Table 1. The calculations for
weighing each land use and soil type to arrive at a composite curve number (CN) are self
explanatory. The average curve number computed for the sub-watershed is input to the HEC-1
computer model. Tables A-1, A-3, A-5, A-7, A-9, and A-11 present the curve number computation
procedure and results for the Grace Creek, Hawkins, Eastman Lake and Iron Bridge Creek

watersheds.
Table §

Exmple Watershed Computation
of Average Curve Number

5

g

g

:

143

4

g

p

g

:

=

g

S

=g

G}
{2) (3] Composite (8) )]
Totai (3) (4) (53 AMCH Curve ) Curve Average
Area General Land %2 Total Curve Number Number Curve
(ne) Sait Uit Use B Area Number AMC I AMC III Number
A 100 BCK SFR 10 79.6 78.4 90 80.7

BCK UNDEV 20 : 71.4

Ml SFR 30 83

Ml : MF,MH 10 : : 90

M1 UNDEV 30 76

Subarea designation
Total area within subarea A.

BCK - Bowie-Cuthbart-Kirvin sofl association
MI - Mantachie-luka soil association

Land use in each soil association
Percent of the total subarea within each land use, within each soil association, within subarea A.
Condition II Curve Number from tables developed for the BCK and MI 10il association.

Composite Condition II Curve Number
109 (79.6) + 20% (71.4) + 30% (83) + 10% (90) + 30% (76) = 78.4

Condition 11l Curve Number from SCS NEH 4.

Average Curve Number:
CN = CNII + 0.2 (CNII[ - CNII)

A2.25 Time of Concentration

The calculation of time of travel (Tt), the time from one point to another in the study
area watersheds, follows the methodology presented in TR-55 (USDA, 1986). Time of

12512900550 A-10
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concentration (Tc) is the time for runoff to travel from the most distant point (in time) in the
watershed or subarea to the subarea or watershed outlet. Tc is computed by summing all travel

times for consecutive components of the drainage conveyance system.

The SCS methodology recognizes three components of the drainage conveyance
system: sheet flow, shallow concentrated flow and open channel flow. Travel time (Tt) is

computed by the relationship.

Tt= L (2)
3600V

where: L = flow length {ft), and
V = averape velocity (ft/sec)

Tt = travel time (hours)

The travel time for sheet flow is calculated by Manning’s kinematic solution:

T =_0.007 (n)*® (3

- (P,)0S 04
where: n = Manning’s roughness coefficient,

L = flow length (ft),
P, = 2-year, 24-hour rainfall (in), and

S = slope of hydraulic grade line (landslope; ft/ft)

Sheet flow should not exceed 300 -feet and, in urbanized areas, a great deal of
judgement is required to select the appropriate length that properly models the land use and
hydraulics of the system. In single family residential areas, a length of 110-120 feet is probably
representative of the sheet flow distance. In the central business district or other business districts,
the flow length may be as long as 300 feet, but the flow is over a paved surface such as a driveway,
parking lot or alleyway. The appropriate "n" value should be selected for the surface described
from the list presented in Table 3-1 in TR-55 (USDA, 1986).

12512/900550 ' A-11
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The SCS methodology assumes the flow becomes concentrated after a maximum of
300 fect. In rural areas, shallow concentrated flow occurs in swales and shallow depressions. In
urban areas, the concentrated flow is that flow in the paved gutiers of the street prior to the first
inlet. Figure 3-1 in TR-55 (USDIA, 1986) presents average velocities for estimating trave! time for

shallow concentrated flow for both paved and unpaved surfaces.

The third component of the drainage conveyance system is the channelized flow path.
In the channelized component of the travel time, the flow velocity was determined for bank-full
stage using Mannings’s equation or hydraulic information from a water surface profile computation.
In urban watersheds, storm sewers will generally carry only a portion of a less frequent storm
event. The proposed Drainage Criteria Manual or standard handbooks of hydraulics should be

consulted to determine the average velocity in pipes for either pressure or nonpressure flow.

Smaller time increments for a particular range of Tc above are permitted. The
maximum value of the time increment should not be greater than 0.172 Tc. Because of the varying
range of times of concentration computed for the sub-watersheds, the need to model areas as small
as 100 acres, and since the .H.EC-I. modcl. a]lowé only one time increment for all sub-watersheds
for a particular watershed model, a small time increment of 2 minutes was specified for our
analysis. In the HEC-1 models for the Grace and Hawkins Creek watersheds, a model time
increment or time interval of 2 minutes was used successfully with a 12-hour total design storm

duration to compute runoff through each of the watershed drainage systems.

In hydrograph analysis, watershed lag (or lag time) is defined as the time from the
center of mass of excess rainfall to the peak rate of runoff. Analysis of historical storm event flood
hydrographs is one method for determining the lag of a watershed. However, there is inadequate
data for such an analysis in Longview. Studies of many storm events over a range of watershed

conditions have resulled in an empirical relationship between lag and time of concentration:

LAG(Tp) = 0.6 Tc | (4)

12512/500590 A-12
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This relationship was originally intended for undeveloped watersheds and for a nearly
uniform distribution of runoff. However, studies of urban hydrographs have shown that this

relationship is also applicable in urban watersheds.

The calculation of Tc and the selection of time increments are critical in the runoff

modeling process. Poor selections may result in considerable (cumulative) error. Time increments

for the hydrograph computations are suggested by the SCS (USDA, July 1978) and are as follows:

Tc, hrs Time Increment, hrs
0.3 10 0.6 0.05
0.6 to 0.9 0.10
091t 1.2 0.15
121015 . 020
1.5+ 0.25

To define éxisting conditions watershed Lag(Tp), iﬁe watérshec.l phj/sical data for the
travel time calculations for the study area watersheds were taken from the U.S. Geological Survey
7.5-minute topographical maps of the study area. The computations of existing and future
projected watershed conditions for travel time, time of concentration and watershed Lag for the
Grace, Hawkins, Eastman Lake and Iron Bridge Creek watersheds are tabulated in Tables A-2,
A-4, A-6, A-8, A-10 and A-12 given at the end of this appendix. For the Grace and Hawkins
Creek watersheds, Future condition watershed Lag (Tp) was estimated by comparing certain
existing urbanized versus rural Lag values, the assumption being that the existing urbanized areas
would be representative of future urbanization throughout the watershed. For the Eastman Lake
and Iron Bridge Creek watersheds, estimates of subarea flow times were made for projected urban

conditions and converted to Lag times.
For the Grace and Hawkins Creek Watershed Lag time computations, both rural and

urban watersheds of similar size were selected at random and their respective Lag times were

compared by plotting the rural values against the urban values. As expected, a line fitted through

12512900590 A-13
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the points indicated the urban values are shorter in time where streets, gutters, or sewers prowde
a more efficient flow pattern than pervious areas. The resulting relationship suggests the urban
lag values to be about 77 percent of the rural values. In the model, all subarea rural Lag values

were multiplied by 0.77 1o obtain values for future urban conditions.
A23 HYPOTHETICAL STORM EVENTS

The National Weather Service’s (NWS) Rainfall Frequency Atlas of the United States
(Hershfield, 1961) and Technical Memorandum NWS HYDRO-35 (Frederick, et. al., 1977) were

used to obtain the point rainfall values corresponding to storms of different durations and

frequencies for the Longview area as shown in Table A-Ia.

AZ3.1 Rainfall Distributions

Utilizing the HEC-1 computer model (USCE, 1981), synthetic design storms were
generated based on given depth-duration data.

Depths for 5- and 15-minute durations were interpolated from S- and 15-minute, 2-
and 100-year depths using the following equations from HYDRO-35 (Frederick, et. al., 1977):

Ds = 0.278 (Di 0 0) + 0.674 (D2)
Dio = 0.449 (D100) + 0.496 (D2)
D25 = 0.669 (D1c0) + 0.293 (D2)

where Dn is the precipitation depth for n-minute duration.

In developing hypothetical storm events for modeling purposes, cumulative
precipitation for each time interval is computed by log-log interpolation of depths from the depth-
duration data. For the design storms, incremental precipitation was then computed and rearranged
so the second largest value precedes the largest value, the third largest value follows the largest

value, the fourth largest precedes the second largest, etc. In this manner, design storm rainfall

1251200590 : ' A-14
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TABLE A-1a

HYPOTHETICAL STORM EVENTS

DEPTH - DURATION - FREQUENCY

LONGVIEW, TEXAS

Freguency (yrs)

Duration 2 5 10 25 50 100 500°%
5 min? 0.52 0.63 0.64 0.72 0.80 0.85 1.00
15 min’ 1.10 1.27 1.39 1.59 1.74 1.89 222
60 min! 1.95 241 2.74 3.21 3.58 3.95 4.75
2 hr 250 325 3.75 435 4.80 5.30 6.70
3 hr 2.75 3.50 415 475 5.25 5.95 7.80
6 hr 330 4.30 5.00 5.90 655 7.30 9.00
12 hr 3.85 5.10 6.15 7.00 7.90 8.95 10.70
24 hr 4.50 6.00 7.00 8.15 9.15 10.20 13.15

! Depth for 5-, 15-, and 60-minute durations, 5-, 10- and 25
5-, 15-, and 60-minute, 2- and 100-year depths using the
(Frederick, et. al,, 1977):

Ds = 0.278 (D1 00) + 0.674 (Dz2)

Dio = 0449 (D100) + 0.496 (D2)

D25 = 0.669 (D1o0) + 0.293 (D2)

> Depth for 5-minute through 24-hour durations, 500

of the 2-year through 100-year frequencies. -

12512500590

A-15

-year frequencies are interpolated from
following equations from HYDRO-35

-year frequency are extrapolated from a plot

I74n



ESPEY, HUSTON & ASSOCIATES, INC,

intensities will begin low, increase 1o a maximum near the middle of the storm duration and

decrease until the storm’s end.

A23.2 Depth-Area Relationship Simulation

The depth-area routine in the HEC-1 computer program was used to maintain
consistency between successive downstream hydrographs. In using the depth-area routine in the
HEC-1 computer program, the precipitation is distributed throughout the watershed in such a way
that the runoff generated by each subarea within the watershed is consistent with the runoff
contributed by other subareas. Each subarea hydrograph is generated from rainfall quantities that

correspond to a specific subarea size and a specific precipitation depth drainage area relationship.

HEC-1 generates a number of "index hydrographs" computed from a set of
prec1p1tat1cm depth-drainage area values reflecting the decreasing average depth of precipitation
(for a given storm frequency) as the size of the contributing drainage area increases. This allows
the successive recomputataon of decreasmg consistent flood volumes contributed at successive

downstream points.

HEC-1 applies an interpolation formula to the ordinates of the two index hydrographs
bracketing the tributary drainage area size. The interpolation formula assumes a linear discharge

log drainage area relationship as follows:

Q=0Q,x(Log Az”-ﬂg...,z) + (Q; x Log A, / Log A,)
Ay A Ay Ay

Where: Q is the instantaneous flow of the consistent hydrograph;
A, is the tributary drainage area;
A, is the next smaller index area;
A, is the next larger index area;
Q, is the instantaneous flow for index hydrograph 1; and,

Q, is the instantaneous flow for index hydrograph 2.

12512/900590 A-16
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HEC-1 will generate a set of hydrographs and select the appropriate hydrograph at
all downstream locations that are in conformance with the precipitation depth drainage area

function provided.
A24 DIMENSIONLESS UNIT HYDROGRAPH

A unit hydrograph is a hydrograph of runoff resulting from a unit of rainfall excess
occurring at & uniform rate, uniformly distributed over a watershed in a specified duration of time
(Haan and Barfield, 1978). A unit hydrograph may be developed for any watershed from observed
rainfall and streamflow records. However, a unit hydrograph developed for a particular watershed
from one storm may vary greatly from a unit hydrograph developed over the same watershed with
a different storm, due to differences in spacial and temporal distribution of the storm (Meier,
1964). Also, the differenées in generated unit hydrographs may result from differences in durations
of rainfall excess. Conceptually, an iqﬁnilé number of unit hydrographs can be developed for any
particular water shed (Haan and Barfield, 1978). Additionally, the shape of the watershed éffects
the shape of the unit hydrograph (USDA, 1972). Therefore, an average dimensionless unit

hydrograph is often chosen for small watersheds with insufficient rainfall and streamflow data.

The dimensionless unit hydrograph used by the SCS was developed by Victor Mockus
(USDA, 1972). This unit hydrograph was derived from a large number of natural unit hydrographs
from watersheds varying in size and geographical locations and is supplied with the HEC-1 model.
The HEC-1 model allows only one dimensionless unit hydrograph to represent all sub-watersheds
in the watershed model. Since the sub-watersheds in this study vary in shape and size, the use of

an average dimensionless unit hydrograph is therefore necessary.

Meier (1964) compared average dimensionless unit hydrographs from three small
watersheds in Texas to the dimensionless unit hydrograph derived by Mockus. This comparison
established that only minor differences occur in the dimensionless graphs. Therefore, Mockus’
dimensionless unit hydrograph.was assumed to represent an average dimensionless unit hydrograph
for the sub-watersheds studied.

12512900550 A-17
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PROFESSIONAL ENGINEER’S CERTIFICATION

I, ,do hereby certify that the
stormwater detention facility at -

has been constructed as designed. The detention facility has sufficient volume,
and surface runoff will enter the facility such that the facility will provide for the
storage and release of surface runoff in accordance with the City of Longview
‘Drainage Criteria and Erosion Control Manual and the calculations submitted
and accepted by the City of Longview Engineering Division.

. Signed:

Title;

Date:

SEAL

(NOTE: THIS CERTIFICATION FORM MUST BE PRINTED ON THE LETTERHEAD OF THE
SIGNATORY ENGINEER’S FIRM)

HAUSERS\ENGINEER\DETCERT.WPD
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"INLET ON GRADE LENGTH DETERMINATION

10.2. Guitter Flow Calculations

Ihmmmonsidaaﬁmsrcgaﬁngﬁwgmappmdlﬂommmndedwidthmowﬁrm
+ veater extends into the street), and the ponded depth (the depth of water in the gutter). The pondsd depthy

1

ve
= QnS,
y = 1.243( s”"]

(1)
T=_.Y_
5 (2)

ponded depth ()
floix rate in gutter (cfs) .
Manning*s ronghness cocfficiedt -
S = transverse slope (or cross slope) (/R)
5o = longitadinal slope (f/f) -
T = ponded width (f)
10.3. CuwblInletson Grade =
The length required for 2-curb inlet on grade is calculated with Equation 5:

I N | I |

PipB 0

0.6
L = 0.6Q"2 g% (—L )
n S,

(3)

- curb inlet length (R)
flow rate in gutter(cfs)
longitudinal slope (£/8)
Manning’s roughness coefficient
equivalent transverse slope (ft/f)

The equivalent cross slope is-determined with the following formmla:

e notr
aonowonon

S, = 8.+ —E,
w (4)
where: S. = equivalent cross slope (f/f)
S: = transverse slope. (R/f)
a = gutter deprossion depth ()
W = putter depression width (ff)
E, = ratio of flowin the depression to the total flow



The ratio of flow in the depression to the total flow is calculated using Equation 7:

R
I ]

B

hbmmn

(total capture, La 2 Ls)

Q K
E = L, — L4
° Q K, +K,

(5)

ratio of flow in the depression to the total flow .
= comveyance of the depressed portion of the gutter (cfs)
conveyance of the gutter/road beyond the depression (cfs)

(6)

(7)

(carry over, La<Li)

Hphero0

B anan

Q

on
Q

- (8)
intercepted flow rate (cfs)

gutter flow rate. (cfs)

vertical curb depression (ft)

gutter flow depth ()

design length of the curb opening inlet (&)

leugth of curb opening inlet required to intercept the total flow (8)
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3.4 DETEHRTION DESIGN

. Stormwater detention ie sometimes required to temporarily
impound (detain) excess storm water, thereby reducing peak
discharge rates. This detention is required (1) by City ordinance
(e-g., Escarpment Regulations), (2) due to existing downstream
storm drainage facilities being designed for 1lesa than 100~-year
capacity, (3) due to increased zoning resulting in a significant
increase in runoff, or (4) by downstream cities with detention
requirements. Alternate means of detention (i.e., parking lots)
may be used in appropriate areas.

The following are minimum criteria for detention basins
within the City of bDallas. Criteria established by the State of
Texas for dam safety and impoundment of state waters shall apply
where required by the state, and where, in the engineer’s judgment,
the potential hazard reguires these more stringent criteria.

: Desian Frequency - The 100-year frequency event is to be
veed in determining reguired detention volume.

4
In areas such as the Geologically Similar Areas upstream
of the escarpment zone or any,area with an existing erosion
problem, the peak runoff rate from a 5-year frequency event as well
as the 100-year event must be held to the pre-development rate.

Thie will reduce the erosion which can result from the more
frequent events.

Qutflow Velocity ~ The outflow structure will discharge
flows at a nonerosive rate. This rate is specified as 3 fps for
areas above the Escarpment Zone and 5 fps for Geologically Similar
Rreas below the Escarpment Zone. 1In areas not regulated by the
Escarpment Regulations, the allowed velocity shall not excead
velocities described in this manual.

Detention Stormge - Basins without upstream detention
araae and with drainage areas of 130 acres or less can be designed
using the Modified Rational Method. Thie method estimates peak
rates using the Rational Eguation and storage reguirements using
inflow minus cutflow hydrograph volume at the time of peak outflow.

Basing with drainage areas greater than 130 acres or
where the Hodifled Rational Hethod is not applicable are to be
desiinad using the Unit Bydrograph Method. The design hydrograph

routings through the detention basin are to be done using the
Modified Puls Hethod. :

Freeboard apd Emergepcy Spillway -~ Where earth
embankments are used to temporarily impound the required detention,
the top of the embankment will be a minimum of 2.0 feest above the
maximum 100~year pool level. In addition, an emergency spillway or
overflow area will be provided at the maximum 100~-year pool level
to ensure that the 500-year frequency event does not ovexrtop the

embankment.

~ page 11
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For detention basins serving drainage areas of 130 acrag
or less, the chart on page 28 of the appendix can bs used to
estimate the required capacity for the emergency spillway. If the
emsrgency spillway capacity is to be provided over the embankmant,
the splllway will be atructurally designed to prevent erosion and
consequent loss of structural integrit{. If the capacity is to be
provided in  a vegetated searth splllway separate from the
embankment, the required width for a trapezoldal spillway with a
control section can ba estimated by the.equation;

By » 0:360~ 0.72D

D2
where .
By = bottom width '
Q = emargency spillway capacity (cfs)
D = design depth above spillway crest (ft.)
Z = slde slope, i.e., horizontal distance to

1 foot vertical . +

1

The minimum width for a vegetated earth spillway is 4.0
feet. _ ‘

*USDA, S5CS, dimensions for farm pond epillways where no
exit channel is required.

: ow_Btyuct - Where the outflow structure conveys
flow through the embankment in a conduit, the conduit shall be
reinforeced concreta designaed to support the external leoads with an -
adeguate factor of safaty. It shall withstand the internal
hydraulic pressures without leakage under full external load or
settlement. It must convey water at the design veloolty without
damage to the interilor surface of the conduit,

ar a esl = The steepest side alope
permitted for a vegetated earth embankment is 4:1 and 231 for rock

dam or as determined by geotechnical investigation. ©The minimum
crown width is as followa:

Total Beight of Hinimum Crown
Embankment (Feet)
14 or less 8
15 ~ 19 10
20 - 24 : 12
25 - 34 14
page 12
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dam or as determined by geotag
crown width 1is /as followsg

Bssin Grading - Detention basins to be excavated must
provide positive . drainage with a2 minimum grade of 0.3%. The

steepest slde slope permitted for an excavated slope not in rock is
del.

a nkment. § lcations - Barth embankments used
to temporarlly dimpound required detention volume must be

constructed according to apecifications to f£ill. These
specifications should, at a2 minimum, be adequate for levee
embankments and be based on N.C.T.C,0.G, St d tione
£ ) struction for embankment, topsoil, sodding, and
seeding. Where permanent impoundment is to be provided, more

stringent specifications are required based on geotechnical
invastigations of the site. '

- Security fencing with a minimum height of 4
feet shall encompass the basin area when required due to potential
safety hazards created by prolonged storage of floodwater. Design
shall be such as not to restrict the inflow or outfall of the
baesin. Adequate access for maintonance equipment shall be
provided. In basins to be used for recrbation areas during dry

pericds, pedestrian access may be provided with the approval of
Public Works.

Malntepance Provisions ~- Access muast be proviﬁed in
detention basin design for periodic desilting and debris removal.

Basine with permanent storage must include dewatering facilities to
provide for maintenance. Detentlon basine with a drainage area of

320 acres or more must include a desilting basin for the upstream
pool aresa. : :
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PODIFIED TATIOWAL LETLOD
DETENTION BASIN DESIGN

EXAMPLE
GIVEN: A 10-acre site, currently agricultural use, is to be
developed for townhouses. The entire area is the

drainage area of the proposed detention basin.

DETERMINE: Maximum release rate and required detention storenge,

SOLUTION: 1. Determine 100-yeai peak runoff rate prior to site
development. This is the maximum release rate

from site
P ¥

NOTE:

after development.

Where a basin is being designsd to
provide detention for both its drainage
area and a bypass area, the maximum
release rate is squal to the peak
runoff rate prior to site development
for the total of the areas minus the

.peak runoff rate after development for

the bypass area. This rate for the
bypass;area will vary with the duration
being congidered.

2. Determine inflow Hydrograph for Storms of various
durations in order to determine maximum volume
< reguired with release rate determined in Step 1,

HOTE: Incrementally increase durations by 10
minutes to determine maximum required
volume. = The duration with a peak
inflow less than maximum releass rate,
or where required storage is lesg than
Btoraie for the prior duration, is the
last increment.

Etap 1.
Present Conditions Q = CIa

c = .30

T = 20 min.

I,e0 = 7.0 in./hr,

Qoo = +30 X 7.0 X 10 = 21.0 cfs (Maximum

release rate)
Btep 2.

Future Conditione (Townhouses)

c
T,
Ii00

QIDD

.80

15 min.

7.7 in./hr.
B0 X 7.7 X 10

Hounnu

61.6 cfs

1

page 14
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Check various duration storms

20 min. I = 7.0 Q= .80 x 7.0 % 10 = 5§56.0
30 min. I =5.8 -Q = .80 x 5.8 x 10 = 46.4¢
40 min. I =5,0 Q= .80 x 5.0 x 10 = 40,0
50 min. I = 4.4 Q= .BD % 4.6 x 10 = 35,2
60 min. I =4.0 Q = .80 x 4.0 x 10 = 32.0
70 min. I = 3,7 QD= B0 x 3.7 x 10 = 26,6
B0 min. T = 3.4 Q w 80 x 3.4 x 10 = 27,2
%0 min. I=3.1 Q= B0 x 3.1 x 10 = 24.8

Haximum Storage Volume is determined by

cfs
cfe
cfs
cfe
cfe

cfs .
cfa
cfs

deducting the volume of

runoff relased during the‘time of inflow from the total inflow for

each duration.
PR Y

Inflow = Storm duration X respective peak

' sec,./min. v"ﬂ’“
Half of the frespective inflow duratio
releass discharge X 60 sec./min._

Discharge vs. Time Graph}

outflow =

15 min. Storm  Inflow 15 X 61.6 X .60
Outflow 0.5 X 30 X 21

Storage

sec./min.
.0 X 60 sec./min.

20 min. Storm  Inflow 20 X 56.0 X 60 sec./min.
A Outflow 0.5 X 35 X 21.0 X 60 sec./min.
: Storage 3 ‘
30 min. Storm  Inflow 30 X 46,4 X 60 sec./min. _
Outflow 0.5 X 45 X 21.0 X 60 sec./min.
Storage
40 min. Storm Inflow 40 X 40.0 X 60 sec./min. .
Outflow 0.5 X 55 X 21.0 X 60 sec./min.
Storage .
50 min., Stom Inflow 60 X 35.2 X 60 sec./min.
Outflow 0.5 X 65 X 21.0 X 60 sec./min,
Storage
60 min. Storm Inflow 60 X 32.0 X 60 ec./ﬂnﬁ.
Outflow 0.5 X 76 X 21.0 X 60 sec./min.
Storage
Storm Inflow 70 X 29.6

70 min. g e c./min.

X
Outflow 0.5 X 85 X X 60 sec./min.

Storage

(Bee

igbarge X 60

X control

;S

it

‘follpwing

56,440 cf
38,900 cf
36,540 cf

67,200 cf
££,050 cf
45,150 cf

183,520 cf
- cf
5,170 cf

95,000 cf
34,650 cf
61,350 cf

105,600 cf
cf
cf

115,200 cf
cf
cf

= 124,320 cf
- cf

70,770 cf
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80 min. Storm Infiow B0 X 27.2 X 60 sec./min. = 130,560 cf
OQutflow 0.5 X 95 X 21.0 X 60 sec./min. = 5O 850 cf

Storsge = §0,7110 cf

. 90 min. Storm Infiow 90 X 24.8 X 60 sec./min. = 133,920 cf
Outflow 0.5 X 105 X 21.0 X 60 sec./min. = _66,150 cf

Storage « 67,770 cf

Maximum wvolume required is 70,770 cfs at the 70 min. Storm
duration.

page 16
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ORDINANCE NO. 2990 CITY Secpgy,
. - ORIGINALAHY

AN ORDINANGE OF THE CITY COUNCIL OF THE CITY OF
LONGVIEW, TEXAS, AMENDING CHAPTER 43 BY ADDING
ARTICLE VI, SECTIONS 43-51 THROUGH 43-57 OF THE
CODE OF ORDINANCES DEALING WITH DRAINAGE AND
STORM WATER CONTROLS TO RE-CODIFY SAID
ORDINANCES, TO REQUIRE ADEQUATE DRAINAGE, AND
TO DEFINE THE TERM “ADEQUATE DRAINAGE";
PROVIDING A LIMITED REPEALER; PROVIDING FOR
SEVERABILITY; PROVIDING A SAVINGS CLAUSE;
FINDING THAT THE MEETING AT WHICH THIS
ORDINANCE PASSED COMPLIED WITH THE OPEN
MEETINGS ACT; MAKING OTHER FINDINGS AND
PROVISIONS RELATED TO THE SUBJECT; AND
DECLARING AN EFFECTIVE DATE.

WHEREAS, the City Council of the City of Longview, Texas, appointed an
Ad Hoc B‘L‘Jilding and Developmént Task Force to examine and review the ordinances of |
the City of Longview dealing wnth dra:nage and storm water control; and, '

WHEREAS, as a result of said examination, various recommendétlons were
made to the City Council by the Building and Development Task Force for the purpose of
enhancing proposed development while preserving and protecting drainage and ﬂood
control within the City; and,

WHEREAS, in order to implement the proposed chariges to the City's
ordinance as expeditiously as possible, City Council adopted a transitional ordinance
amending, without specific reference to existing ordinances, all ordlinances in conflict with
the proposed revisions, to be foliowed by a subsequent ordinance or ordinances

delineating specific sections of the City's Code of Ordinances and other ordinances to be

amended, and to observe at that time customary procedures incident to said amendment,

o

o
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ihcluding receiving input from the Planning and Zoning Commiésion where appropriate;
and, | |

WHEREAS, the aforementioned task farce has recommended the adoption
of a subsequent ordinance, the provisions of said ordinance being set forth herein; and,

WHEREAS, the City Council finds and determines that the adoption of said
ordinance will preserve and protect the health, safety, and welfare of the citizens of the City
of Longview; NOW, THEREFORE,

BE IT ORDAINED BY THE CITY COUNCIL OF THE CITY OF LONGVIEW,
TEXAS.

Section 1. That the findings set out in the preamble to ’ghis ordinance are
hereby in all things approved.

Section 2. That there is hereby added tb Chapter 43 of the Code of
Ordinances a new Article VI; entitled “DRAINAGE AND STORM WATER CONTROLS/”
said article {0 read as follows: | | |

“ARTICLE VI. DRAINAGE AND STORMWATER CONTROLS

Sec. 43-51. On-site detention not required; adequate drainage
‘required; adequate drainage defined.

(a) On-site detention not required; adequate drainage
required. On-site detention of storm water runoff shall not be
a condition of nor a requirement for the development of real
property within the city limits of the City of Longview, Texas.
Compliance with the minimum requirements of this ordinance
in no way shall be construed as relieving the property owner of
any liability which they may incur as a result of damage to
downstream or upstream properties resulting from the
development of the site or to install the infrastructure
necessary to provide adequate drainage for the development
site.



.

(b) Adequate drainage defined; certification required. As
used in this article, the term adequate drainage shall mean the
drainage of water in such a manner that the water does not
damage the property of another. Certification by a Texas
registered engineering firm and a Texas licensed engineer,
qualified by education and experience in the field of hydrology
and hydraulics, that adequate drainage exists for the
development site as measured by generally accepted
engineering standards and procedures is required.

Sec. 43-52. Design criteria for drainage-related infrastructure.

The following criteria shall apply in the design of drainage-
related infrastructure: '

(a) The 25-year fully developed watershed (future} flood
event shall be used as the standard design of all drainage

systems, road crossings, streets, culverts, channels, and other

similar infrastructure; o r

(b) The 25-year future design frequency shall be utilized
for the design of storm sewers and inlets with street flooding
limited to no higher than the top of the curb; and

(c) The 100-year future flood event shall be used fo
determine the boundaries of the100-year flood.

Sec. 43-53. Security deposit sufficient for certificate of

occupancy.
/ A developer whose project is substantially complete,

control, or landscaping, may post a security deposit in an
amount determined by the City Engineer as sufficientto ensure
final completion of such improvements, and receive a
Certificate of Occupancy; provided such project otherwise

/save and except for final grading, or permanent erosion

/

complies with City ordinances, and provided the issuance of

such certificate is conditioned upon final completion. For the
purposes of this section, proper secu rity shall consist of a cash

bond, letter of credit, or security bond in a form acceptable to_ /

J— e}
o

the City Attorney.
Sec. 43-54. Clty support for drainage and storm water control.

In support of drainage and storm water control, the City shall:

4
/



(a) Use current needs and 25-year future flood event
criteria to prioritize projects for the 5-year City Capital
Improvements List;

(b) Where creeks and drainage ways are owned by or
have been dedicated to the City, continue to clean out such
drainageways and creeks and improve the flow of channel;

(c) Develop a maintenance plan to keep City-owned
drainage improvements functioning properly;

(d) Complete property acquisition by dedication or
otherwise as recommended in the City's Master Drainage Plan;
and '

(e) Creaté and maintain hydrologic and hydraulic
models of the City's drainage system to identify potential
problems and improvements.

Sec. 43-55. Ad Hoc Drainage Plan Review Committee.

Beginning in February of the year 2001, and continuing
" thereafter in February of each odd number year, the City
Council shall ‘appoint an Ad Hoc Drainage Plan Review
 Committee, to review all aspects of the Master Drainage Plan

and recommend action and priorities to the City Council. The
membership of said committee shall be as City'Councii's_shall
determine as part of the appointment process. The chairman
of said committee shall be designated by the City Council, with
other officers to be chosen by the members of the Committee.
All meetings of said committee shall be conducted publicly,
following a duly posted natice and agenda, in accordance with
the Texas Open Meetings Act, Chapter 551, et seq, Texas
Government Code. The committee shall meet at such
frequency as the committee shall determine, and shall submit
its findings and recommendations to City Council in writing by
or before the end of July of the year in which the commission
is appointed. Following the submission of its report, the
committee shall dissolve, until such time as it shall be next
appointed. The committee created hereunder shall not be
governed by, nor subject to, the provisions of Article VI,
Chapter 4, Sections 4-101 through 4-107 of the Code of
Ordinances of the City of Longview.



Sec. 43-56. Variances.

The provisions of this article and the criteria inciuded
herein shall not in any way diminish or revise the process of
granting variances under the City's ordinances and policies
regarding drainage controls, and the City Council's sole
authority to grant such variances shall be and is hereby in all
things preserved.

Sec. 43-57. Enforcement.

The provisions of this article are subject to and enforceable in
accordance with Article V of this Chapter 43"

Se¢tion 3. That fromand after the effective date of this ordinanée. Ordinance
Number 2777, adopted January 14, 1999, is hereby in all things repealed, all other
ordinances and resolutions or portions thereof in conflict with the provisions of this

‘ordinance are hereby amended to the extent necessary to conformtothe prdvisions of this
ordinance. Likewise, adoption of this ordinance shall not excuse a de;/eloper from
compliance with other ordinances or portions of ordinances of the City of Longview not
aﬁecte_d by the adoption of this .ordinance.

Section 4. That if any section, sub-section, paragraph, sentence, clause, or
other provision of this ordinance is found by a Court of tribunat of apprbpriate jurisdiction
to be unconstitutional or otherwise unlawful or unenforceable, the finding thereof shali not
in any way affect the éontinued enforceability of the remainder of this ordinance, it being
the intention of the City Council to preserv.e the remainder of said ordinance unaffected by
said ruling.

Section 5. Thatthe repeal of any ordinance or portion of an ordinance by this
ordinance shall not affect the validity of any pending enforcement action or fees

outstanding and due and payable on or before the effective date of this ordinance and that



- APPROVED AS TO FORM:

the City shall continue to have the authority to take any enforcement action authorized
hefore the effective date of this ordinance for any violation of any City ordinance occurring
before said effective date.

Section 6. That the meeting at which this ordinance was passed was
conducted in strict compliance with the Texas Open Meetings Act (Texas Governmeant
Code Chapter 551).

Section 7. That this ordinance shall be effective from and after its date of
passage and publication as required by law, and shal.l apply to all applications for
development filed with the City of Longview from and after said date

PASSED AND APPROVED this 14th day of December, 2000.

ATTEST:

(A

City Secretary

City Attorney

O-DRAINAGE AMDMTS 12-00



PROFESSIONAL ENGINEER’S CERTIFICATION

i, ,do hereby certify that the
stormwater detention facility at has
been constructed as designed. The detention facility has sufficient volume,
and surface runoff will enter the facility such that the facility will provide for
the storage and release of surface runoff in accordance with the City of
Longview Drainage Criteria and Erosion Control Manual and the calculations
submitted and accepted by the City of Longview Engineering Division.

Signed:

Title:

Date:

SEAL

(NOTE: THIS CERTIFICATION FORM MUST BE PRINTED ON THE LETTERHEAD OF THE SIGNATORY
ENGINEER’S FIRM)

PE detention certification.doc



DRAINAGE, EROSION, AND DETENTION CHECK LIST

The following items must be addressed on all submissions:

[ 1) Provide a signed and sealed drainage area map and documentation for drainage areas in
accordance with DC&EC manual page 2-3. Show all pass through areas as well as local
drainage areas.

O  2) Where detention pond outfalls tie into existing storm sewer facilities, include a survey
flow line for the tie-in. Information taken from plans will not be accepted.

O  3) Do not submit trial solution calculations that do not relate to the final selected solution.
We do not have time to review calculations used to evaluate alternatives investigated.

0O 4) Do not include charts from the DC&EC manual such as overland flow velocity,
frequency/intensity duration curves, runoff coefficients. We will refer to the DC&EC
manual when we need this information. -

i _

O 5) Caleulations must be clearly explained and documented to minimize review time. We
require that you include statements to assist with interpreting the numbers instead of
simply providing the numbers. Showing formulas along with the number calculations is
necessary. :

O 6) Address fencing requirements when ponds are utilized. If Depth exceeds three feet and
a fence is not provided, explain why.

[0 7)Hand drawing is not permissible. All work must be printed from the original unless
prior arrangements have been made with this office.

[ 8) Provide all information indicated on page 2-5 under STORMWATER STORAGE
FACILITY DESIGN items 1,2, &3.We have recently received submittals relating to the -
100 year flood only. This is not acceptable. Concerning Hydrolib data, print screens of
input and result data should normally be submitted in lieu of detailed hydrograph data.
The inflow/outflow graphs that can be generated by HEC 1 Packages such as PRO
~ HECT are beneficial to our review but are not mandatory.

[l 9) The Modified Rational Method is currently being accepted for drainage areas up to 5
acres as long as it checks reasonably well with Hydrolib. There are variations to this
procedure and we suggest that you contact this office concerning details.

PAGE
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10) Please refer to Page 2-6 / Item 6 for information regarding contours. Please check with
this office if you think a variance from this requirement is in order.

11) Provide summaries of Hydrolib data in accordance with the following revised form.
Complete this form to the extent possible for other detention calculation procedures.

12) To the extent practical, indicate specific locations and methods for temporary erosion
control measures and for permanent erosion control measures.

13) Use Table 4-2 for documentation of design discharge.
14) Use Table 4-3 to summarize design discharge calculations.

14) Use attached procedure for determination of inlet on grade capacity. The procedures in
the DC&EC manual relate to inlets in sags and could result in inadequate lengths of
inlet for inlets on grade.

15) A completed development permit must.be submitted with the original submission. This
for_fn certifies that the submission complies with the requirements of ordinance no.
2207 as amended, the master drainage plan, and the requirements of the D.C.&E.C
manual of the City of Longview. All applicable items must be checked on the form.
Review of submittals will not be completed or comments issued until this certification,
properly completed, is received.

16) Partial submissions will not be accepted without prior approval. Any submittal that is -
incomplete under any circumstances must be clearly labeled as such on the submission
cover sheet.

17) The plan must be sufficiently explained to provide for expeditious review. Any
submission which does not will be returned without review.

18) Provide for erosion control at outlet of detention pond. If the erosion control extends
onto adjacent property and the pond is to be privately maintained , furnish a notarized
letter from the adjacent property owner stating his acceptance of the erosion control
features on his property. If the pond is to be maintained by the city, provide a drainage
easement allowing the city to maintain the erosion control feature.

19) If design provides for future improvements, clarify this in the submission.

20) Provide clear definition of the limits of developed grassed or impervious surfaces on

PAGE 2
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the plan view. Clearly show existing improvements when they affect the existing

discharge rate.

21) Address erosion control when water drops on a relatively steep slope into the pond.

22) Clarify erosion control when storm sewer pipes outfall into the pond.

23) Define the flow path for time of concentration calculations on the drainage area map

for existing & developed flows.

24) Show top width for v- notch weirs on detail. Show weir angle in calculations

25) Label top width and top elevation of pond dam on plan view or cross section.

26) Document hydrologic soil group used for SCS curve number when using values other

than the average values shown in the MASTER DRAINAGE STUDY appendix A

pages A-3 & A-4. Document the SCS # chosen on the Hydrolib Data Sheet based on

‘the actual and % areas of different imperviousness.

27) Provide paved low flow flume from pipé entrance to pipe outlet of pond.

28) Provide minimum 1.0 % slope on bottom of all grassed ponds and 0.5 %

slope on the

bottom of all paved ponds to avoid standing water and difficult maintenance, If flatter

slopes appear necessary, explain reason in report.

29) Label maximum pond side slopes.

30) Show requifement clearly on plan when building water is to be routed to the pond.

31) Show contours for the entire site. Show source of contours (city topo, surveyor name,
etc.). Drainage areas must be delineated on the map that shows contours. Number each

drainage area on a map and use same D.A. # in calculations, (Example E-

1 for existing

drainage area 1 and P-1 for proposed or developed drainage area 1.) Show drainage

area in acres and Q100 for each drainage area.
32) Show temporary erosion control or explain reason not required.

33) Show permanent erosion control (seeding, etc).

PAGE
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LI 34) Provide a general lacation map on a city map base.

0 35) Seal & Date all reports & drawings appropriately as required by the Texas
Engineering Practice Act.

L 36) Show detailed calculations for allowable release rate.
L 37) Show sheet numbers on reports.

L1 38) If comments are received return the comment sheet signed with a response as
indicated on the sheet.

L} 39) Printed calculations must be neat & legible.
U} 40) Drawings must be neat & legible. Do not use excessively small lettering size.

[} 41) Grading plans and elevations for pond must be clear & legible.

v

U 42) Detention in one drainage basin to compensate for increase in runoff to another basin is
not normally acceptable. Check with this office for exceptions.

L1 43) The drainage area shown for Hydrolib must be the area that drains to the detention
pond.

O 44) When detention pond dams are adjacent to property lines, provide actual survey
elevations at 30 foot or closer interval along the property line within the limits of the
pond. This will avoid problems with changes during construction.

U 45) Upon completion of construction and prior to acceptance by the City the détention
pond must be certified in accordance with the attached form on the Engineer’s
letterhead.

(|

46) The formula for junction and bend losses in storm sewer systems at the ottom of page
6-7 appears to be in error. We will clarify this as soon as time permits.

00 47) The figure 6-1-A, sheet A-21 of the D.C. & E.C. manual concerning street capacities
for the 29 foot street section appears to be in error. We will clarify this as soon as time
permits.

e
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O 48) For commercial projects, include a site plan with detention plan and details preferably on
22" * 34" sheets with the report text.
LT 49) Show scale clearly on all drawings and details,
(3 50) Provide two copies of the accepted detention plan on 22" * 34" to the City Engineer’s
office for the building inspection department. This will be required before a
building permit will be issued.. As an alternative the building permit plans can have a
note placed thereon that refers the Contractor to the detention study and associated _
details. Please advise your client accordingly if the architect needs to add the note to
his plans.
| 51) Submit Development Permit Applications, and accompanying drainage, detention
and erosion control studies and resubmittals of same to Linda Duffey for log-in.
O 52) A copy of the review commentis will be sent to the owner or to the contractor if the 7
contractor is representing the owner.
¢
h:\user\engineer\detengud PAGE 5



CITY
OF LONGVIEW
TEXAS

P. O. Box 1952
Longview, Texas 75606-1952
(903) 237-1000

November 4, 1897

TO ENGINEERS SUBMITTING DRAINAGE, DETENTION, & EROSION CONTROL
STUDIES

RE: PLAN REVIEW AND PROCESSING

In our January 29, 1997 letter we clarified the City's requirements concerning the
submission and review of drainage and detention pond facilities. The attached check
list will further clarify the City’s requirements and enable you to get your submissions
approved with fewer reviews.

Your efforts in providing the information described above may help this office avoid the
necessity of charging for reviews of development plans.

Your cooperation in this matter will be greatly appreciated.

Sincerely,
CITY OF LONGVIEW -

vid Pullen, P. Robert Morris, P.E.
City Engineer Civil Engineer

,J;’:" . "::?
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HYDROLIB DATA

Drainage Area {acres)

Time of Concentration (min)

SCS curve number for drainage area

Basis for SCS curve number: (SHOW CALCULATIONS BASED ON RELATIVE % IMPERVIOUS AREA)
ELEV AREA AREA HEADWATER HW/D _ RELEASE RATE
(ft) (SF) {acres) (ft) (cfs)
05 Q25 . Q100
RATIONAL PEAK FLOW IN

SCS PEAK FLOW IN

SCS PEAK FLOW OUT
SCS. ALLOW REL RATE
RAT ALLOW REL RATE

PEAK W.S. ELEV.

HA\USERS\ENGINEER\HYDROLIBDATA.wpd October 14, 1998 /jﬂg
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