NOTE:

THE FOLLOWING DESIGN CRITERIA WILL BE FOLLOWED UNTIL THE CITY
OF BLUE RIDGE COMPLETES AND IMPLEMENTS ITS OWN DESIGN
CRITERIA STANDARDS. THIS CRITERIA SHALL BE FOLLOWED ALONG
WITH ALL THE STANDARDS SET FORTH IN THE CITY OF BLUE RIDGE
ORDINANCES. ANY DISCREPANCIES WILL BE HANDLED ON A CASE-BY-
CASE BASIS. DEVELOPERS ARE ENCOURAGE TO KEEP TRACK OF THE
LATEST REVISIONS TO THESE DESIGN CRITERIA AS WELL AS ANY OTHER
CITY OF BLUE RIDGE STANDARDS.



Storm Water Drainage
Design Criteria
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II. Runoff Methods

A.  Regional Regression Equations

1. Planning and Development
The year 2000 planning study (called City of Blue Ridge Master Drainage Plan) for all
major corridors within the City of Blue Ridge used Regional Regression Equations to
evaluate potential flood flows within the city. The information in the study' may be used
by the owner or developer as a base for development. 1f the owner or developer wishes to
optimize or further evaluate flows, the methodology in the following sections mustbe
used.

" Note: the information from the latest update of the study at the time of preliminary plat must be
used; however, if the timeframe between preliminary plat and final plat is more than one
year, then the information from the latest update of the study from four months prior to
submittal of the final plat must be used. For instance, if a final platis submitted in May,
then any updates to the study as of January of that year must be incorporated into the
design. The City Engineer reserves the right to make additional comments or
requirements at the time of preliminary plat for final plat submittals.

2. Blue Ridge Master Drainage Plan
The Blue Ridge Master Drainage Plan (BRMDP) was developed as a planning too! for
major drainage corridors within the City of Blue Ridge. The BRMDP consists of two
volumes (three bound reports) as follows:

« Volume I —Part I contains informational verbiage, hydrologic data, and the hydraulic
data for ultimate conditions

« Volume I — Part II contains the hydrauiic data for current conditions

« Volume IT — Map Set (11x17 exhibit) contains all maps relating to the Master Drainage
Plan

Information from the BRMDP can be obtained from the City Engineer. Use of the
BRMDP is described in Appendix A — Guidelines for development.
3. Guide

A “step by step’ guide is included in Appendix A to assist owners with developing their
property in accordance with these drainage standards.

B. Rational Method

1. Methodology

Stormwater runoff for drainage areas less than 200 acres may be calculated using the
Rational Method. The Rational Method is based on the principle that the maximum rate
of runoff from a given drainage area occurs when all parts of the area are contributing to
the flow at the point of discharge.
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The modified Rational method shall be used, where a factor accounts for antecedent

precipitation for various recurrence intervals of storm events. The formula for the
modified Rational Method is:

Q=f*CIA (1)

= maximum rate of discharge (cfs).

= runoff coefficient based on topography, soil, land use and moisture
content of the soil at the time the rainfall producing runoff occurs.

I= rainfall intensity in inches/hour for the time p—eriod it takes flow from the
farthest point of the drainage area to reach the point of design.
A= the drainage area contributing to the runoff at the specified concentration
point/outfall (acres).
f= antecedent precipitation factor, choose from the below table
Factor
2 to 10-year storm event 1.0
25-year storm event 1.1
50-year storm event 1.2
100-year storm event 1.25

Runoff Coefficient “C”

a. The runoff coefficient "C" shall be based on the ultimate land use as
recommended in the City of Sherman Master Plan.

b. For areas that a change in zoning has occurred the "C" value of the new zoning
shall be used.
c. Runoff coefficient "C" values are based on topography and land use. The table

entitled “Runoff Coefficient Values” included in Appendix B — Hydrology Table
and Figures shall be used to determine “C> values.

Time of Concentration

Time of concentration is the longest time, without interruption of flow by detention
devices, which a drop of water takes to flow from the farthest point of the drainage area to
the point of concentration (i.e. the point of design). i
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The SCS methodology is recommended to determine the time o f concentration
(Tc), which is based on three types of flow: sheet flow, shallow concentrated flow,
and open channel flow. -

1) Sheet Flow. Sheet flow is flow over plane surfaces. It occurs in the
uppermost area of the defined basin.

The time of concentration in minutes for sheet flow is determined using
the following equation:

D .
TC sheelﬂow: 60? (2)

where,

D = distance along the flow path (feet)
V = velocity (feet per second)

Tc =time of concentration (mintes)

Determine the longest flowpath for the water in each individual basin
(begins at the uppermost part of the basin, not at the start of the major
channel of the basin). Sheet flow length is measured along this flowpath
from the uppermost part of the basin for a length no more than 300-feet-
(At a maximum distance of 300-feet sheet flow changes 7o shallow
concentrated flow).

A slope should be estimated along this length of flow. A velocity
corresponding to this slope can be determined using the upland method
graph found in Appendix B — Hydrology Tables and Figures.

2) Shallow Concentrated Flow. Shallow concentrated flow begins where
sheet flow ends. A projected slope should be established along the
flowline for the shallow concentrated flow length. A velocity
corresponding to this slope can be determined from the shallow
concentrated flow graph in Appendix B — Hydrology Tables and Figures.
The time of concentration in minutes for shallow concentrated flow is
determined by the following equation:

— 602

T:: shallowconcentrated flow V (3 )
where,
D = distance along the flow path (feet)

V = velocity (feet per second)
Tc = time of concentration (minutes)

3) Open Channel Flow. Open channel flow is applicable for large channel
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sections. In most cases, it is not applicable for the rational methods (since
large channels indicate large watersheds where a unit hydrograph
method is applied in the City of Blue Ridge).

The time of concentration for open channel flow is determined using the
following equations:

)
where,

D = distance along the flow path
V = velocity (feet per second)
Tc = time of concentration (minutes)

V'is determined using a combination of the continuity equation and

Manning’s equation:

V= 1486 (R)"” (5)"” @
n

where,

n =manning’s n

R = A/P = hydraulic radius (feet)

A = area (square feet)

P = wetted perimeter (feet)
S = slope (ft/ft)

4) Resulting Time of Concentration. The time of concentration is the sum of
the sheet flow, shallow flow, and open channel flow segments.

Tc = Tc.rhcel  flow + Tchmllowmncmnurdﬂnw + Tc-‘mnnel flow

In no case shall a shorter time of concentration be used than;

1) 10 minutes for property zoned multiple family, churches, schools, local
business, central business, commercial, or industrial.

i1) 15 minutes for property zoned for parks, cemeteries, agricultural, and single
family residential.



4.

City of Blue Ridge, 1exas
Rainfall Intensity

Rainfail depths can be found from the City of Blue Ridge Intensity-
Duration-Frequency (IDF) curve. A copy of the IDF curve is provided in Appendix B
— Hydrology 1ii:t
1
Figures.

Design storm frequencies for various drainage structures are listed in Appendix B —

Hydrologic Tables and Figures.

C. Unit Hydrograph Method

1.

Methodology

A unit hydrograph method 1s required for drainage areas greater than 200 acres. The
recommended unit hydrograph models are HEC-1 and HEC-HMS. These software-
packages are available from the Army Corps of Engineer’s Hydrologic Engineering Center
or various software companies. The Hydrologic Engineering Center’s-web site with many
free engineering software downloads is www.wrc-hec.usace.army.mil

The City Engineer must approve other unit hydrograph methods.

Rainfall

Design storm frequency requirements are listed in Appendix B — Hydrology Tables and
Figures. Rainfall values can be determined using the City of Blue Ridge IDF curve and
corresponding table included in the same appendix.

For the HEC-1 hydrology model, a hypothetical storm distribution for rainfall amounts
shall be coded into the model using the PH record.

Loss Rate
a. Methodology

The loss rate shall be determined using SCS Curve Numbers. A table of Curve Numbers
corresponding to land use can be found in Appendix B — Hydrology Tables and Figures.

b. HEC-1
For the HEC-1 hydrology model, the LS card should be used to model the loss rate.
Time of Concentration

a. Methodology

The time of concentration shall be developed using SCS methods. The methodology is
listed in section 4. Rational Method, 3. Time of Concentration. The basic principle of the
SCS methodology for estimating the time of concentration is

Tclald = Tcsh:a/lew + Tcxhaﬂawaanmlrur:dﬂnw + Tcapaz channe] flow

where the total time of concentration is equal to the sum of the time of concentrations
along the flow path for sheet flow, shallow concentrated flow, and open channel flow.

1 For IDF Curve, Rainfall events greater than 60 minutes are from Reference 15 (TP-40); Rainfall events with
durations of 5 to 60 minutes are from Reference 9 (Hydro-35).
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b. HEC-1

The Clark Unit Hydrograph Method (UC card, time of concentration in hours) shall be
used in the HEC-1 hydrology model.

Routing
a. Methodology

Routing shall be accomplished using normal depth storage (normal depth channel
routing).

b. HEC-1

The RS, RC, RX, and RY records shall be used for routing in the HEC-1 hydrology
model. - -




City of Blue Ridge, Texas

DESIGN CRITERIA

For Design of Drainage Structures
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III. FEMA Criteria

The developer or owner is required to meet all FEMA regulations. When a submittal to FEMA is
required, the submittal must be submitted to aiid approved by the City Engineer prior to submitting
to FEMA. Conditional Letter of Map Revisions (CLOMRS) and Letter of Map Revisions
(LOMRs) are required for any modifications to a floodplain or floodway.

A Certificate of Occupancy will not be issued by the City until a copy of the FEMA approval letter
for the LOMR is sent to the City (if required for the site). In the typical development of a site, a
CLOMR precedes site development, and a LOMR follows site development and is based on as-
built conditions.

IV. City Criteria

General Requirements

1. Runoff calculations are required for development of property one acre (1 ac.) or greater, or
any property that is platted as a part of an overall tract which is greater than one acre (1
ac.) in size, or where major streams (under FEMA Jurisdiction) are proposed to be
modified. In cases where major streams are proposed to be modified, a CLOMR is
required prior to construction, and a LOMR is required after construction is complete
before an occupancy permit will be issued.

2. The Rational Method may be used to calculate runoff for situations in which the drainage
area is less than 200 acres. A unit hydrograph method is required for drainage areas 200
acres and larger.

3. Runoff calculations must be based on the proposed lot grading for the development.
Runoff contributed from off-site sources must be considered in the calculations. All
off-site drainage must be calculated at the proposed ultimate land use (fully developed
conditions in the watershed). Existing upstream detention can and shall be considered
when analyzing the fully developed conditions of the watershed.

There are many SCS Dams (detention) proposed within the City of BlueRidge ETJ limits
that will affect ultimate flows in the watershed. The developer/land owner should contact
the City Engineer to determine where new dams have been designed or are under
construction (as these may not have been included in the Blue Ridge Master Drainage
Plan analysis of fully developed conditions).

4. All drainage systems shall provide for positive overflow at all low points. Positive
overflow means that when the inlets do not function properly or when the design capacity
of the conduit is exceeded, the excess flow for the 100-year storm event can be conveyed
overland.

S. Detention facilities are not required in the City of Blue Ridge when runoff from the site
can be directly carried to a designated FEMA floodway that has adequate capacity. In
cases
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where there 1s not adequate capacity in the downstream system to safely convey water (i.e.
without adversely impacting property downstream), detention shall be utilized.

Property shall'be developed so that the rate of runoff created by the development as it
leaves the property does not exceed the pre-developed rate of runoff.

In some cases where downstream facilities are planned (“future drainage facilities), the
City Engineer may allow a higher rate of runoff. However, this variance must be approved
in writing by the City Engineer. Also, this rate of runoff must not at any time cause
flooding to existing property until the future drainage facilities are in-place.

The intent of these detention standards is that in cases where there is not adequate
capacity in the water course to carry ultimate developed flows and where no future
drainage facilities are planned (as described above), the burden of detaining flows is
spread out across all the land owners (rather than the last developed property needing to
detain all flows due to the increase in flows from previous development).

Where there is adequate-capacity to convey flows or when property is located adjacent to
major watercourses in the City, no detention is necessary.

Open Channels

It is the City’s desire for channels to remain in their natural vegetated state whenever possible. In
cases where channels are improved, the following design criteria apply.

1. Design Criteria
a. General Criteria

1) In cases where the entire channel section is contained within the limits of
the developer/owner property boundaries. The developer/owner shall;

1) Provide for an improved stabilized channel cross-section which reduces all
velocities to 6.0 fps or below for vegetated channels. The channel improvements
must meet all requirements of this ordinance.

11) For vegetated channel sections with overbank velocities ranging from 6 to 8
ps, grade control structures must be constructed within the channel and overbank
areas to prevent erosion. Grade control structures shall have a minimum effective
depth of 3.0 feet below existing or proposed grades with an adequate number of
structures to prevent less than 1 foot of degradation.

2) In cases where the property boundary follows the centerline of the
channel or incorporates only a portion of the channel cross-section,
the developer/owner shall;

1) Determine the design section required to provide for an improved stabilized
channel cross-section which reduces all velocities to 6.0 fps or below for
vegetated channels. The design channel section must meet all requirements of this
ordinance. . .

“ 11) The design section may include vegetated channel sections with overbank
velocities ranging from 6 to 8 fps, provided that grade control structures are

" included within the channel and overbank areas to prevent erosion. Grade control
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structures shall have a minimum effective depth of 3.0 feet below existing or
proposed grades with an adequate number of structures to prevent less than 1 foot
of degradation.

i) The developer/owner shall construct all improvements required on their
property for the ultimate channel design.

tv) If grade control structures are incorporated into the design, the
developer/owner shall coordinate with adjacent owners in order to construct these
features in their entirety at the time of the channel improvements.

v) The developer/owner shall provide for a drainage easement and
access/maintenance easement consistent with the improvements provided.

3) In cases where the developer/owner owns property adjacent to channel
or floodplain areas but does not own a portion of the channel or
floodplain area, the developer/owner shall;

1) Determine the channel improvement configuration necessary to reduce all
velocities to 6.0 fps or below for vegetated channels.

11) Shall provide a dedicated easement to the portion of this fitture improvement
configuration, including necessary maintenance and access easement, which
may include the developer/owner property.

Methodology

1) Models. Major channels or channels where backwater effects occur must be
modeled using a standard backwater model. The U.S. Army Corps of Engineer’s
Hydraulic Engineering Center’s model HEC-RAS is preferred. Other models that
are acceptable are HEC-2 and WSPRO. Note that the model must meet FEMA
and standard engineering criteria (in some cases other models must be used).

2) Manning’s Equation. For collector channels and swales, Manning’s equation
can be used to determine water surface elevations and velocities since backwater
affects are negligible. Manning’s equation is included in Appendix C — Hydraulic
Equations.

Hydraulic Criteria

1) Freeboard. Two feet of freeboard is required on all major channels, and one
foot of freeboard on collector channels. Inbends in the channel, the
superelevation of the water must be estimated and added to the freeboard of the
channel on the outside of the bend. An equation that can be used to determine the
height of the superelevation of the water is included in Appendix C — Hydraulic
Equations.

2) Flow Regime. All channels are to be designed to have subcritical flow with a
Froude Number less than 0.86. Hydraulic jumps are to be avoided. An exception
to this is at bridges and culverts. When a hydraulic jump is predicted at a bridge
or culvert the channel bottom and side slopes must be protected from erosion. In
addition, the worst case water surface elevation must be used for determining
floodway impacts.
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3) Channel Shape. It is preferred that channels and swales have a trapezoidal
section for concrete lined or earth banks. The channel section should have
adequate area to take care of the uncertainties in runoff estimates, changes in
channel roughness coefficients, channel obstructions, and silt accumulations.

4) Bends. All channel radn are recommended to be a minimum of three times the
top width of flow. An alignment with few horizontal curves or changes is
desirable. If the natural channel radius is smaller than three times the top width,
care should be provided in the design to protect any structures from channel
migration or flooding.

5) Channel Side Slopes. Side slopes shall be;

1) 4 feet horizontal to 1-foot vertical for side slopes with grass or other ground
cover

i1) 1.5 feet horizontal to 1-foot vertical for side slopes protected by rock or gabions

6) Channel Slopes and Velocities.

1) Minimum Slopes. Where practicable, all unpaved channels should have
sufficient gradient to avoid ponding low flow conditions. A minimum slope of at
least 0.30% is required for all unpaved channels and swales except those used as
part of a wetlands area. A concrete pilot channel should be included in all
improved major earthen channels.

11) Maximum Velocity for Earthen Channels

Channels are encouraged to be left in their natural state provided that potential
lateral migration or other conditions in the channel are safe and acceptable after
development.

1i1) Maximum Velocity for Improved Channels

The maximum velocity allowed in concrete lined channels is 15 feet per second
or less.

c. Channel Vegetation. The developer/owner shall use low maintenance vegetation
cover. The selection of materials shall comply with the existing ground cover
listing for North Central Texas furnished through the Texas Agricultural Extension
Service.

Erosion Prevention and Channel Maintenance

All channel sections must consider and account for channel stabilization in their design.
This requirement pertains to all sections whether they are left in their natural condition or
are modified in any manner. The design of all drainage channels and swales shall assure
adequate capacity and minimum maintenance to overcome the result of erosion, silting,
sloughing of bends or similar occurrences. Drop structures, ditch checks or paved

spillways may be required to control erosion that results from the hlgh velocities of large
volumes of water on steep grades.

Lined channels are strictly discouraged. If the design velocity is greater than 6.0 feet per
second, for earthen channels measures shall be used to reduce velocities. Erosion
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countermeasures such as concrete, rock walls, and gabions may be used upon approval of
the City Engineer.

C. Bridges

1. Design Criteria

a. Freeboard. One foot of freeboard is required between the 100-year water surface
elevation and the low chord of the bridge.

b. Skew. The skew of the bridge piers and abutments shall be orierited as close to the
normal or flood direction of flow resulting in an angle of attack as close to 0 degrees as
possible.

c. Model. Bridges shall be designied using standards methods. If the HEC-2 backwater
model is used, the normal bridge option shall be used for bridges without interior bents
(interior piers). The special bridge option in HEC-2 shall be used for bridges with interior
bents, or where pressure flow or weir flow occurs. i}

2. Erosion Protection

Stream stability shall be assessed when designing the abutiments and interior bents of the
bridge. Scour shall be accounted for in the design. Refer to references 3 and 4 for more
information.

D. Culverts

1. Design Criteria

a. Freeboard. One foot of freeboard is required between water surface elevation and the
top of road elevation.

100 yr Thoroughfare
50 yr Collector
25 yr Residential

b. Methods. Culverts must be designed using standard methods and engineering
judgement. Standard charts are provided in Appendix E — Hydraulic Figures. In addition,
numerous computer models are available. Culverts shall be designed in accordance with
the latest edition of the State of Texas Department of Highways and Public Transportation
Bridge Division Hydraulic Manual. Standards of the City of Blue Ridge will take
precedence over the TxDOT manual in cases of conflict.

c. Skew. The culvert shall be skewed such that impacts due to the flood and normal flow
angles of attack on the structure are minimized.

d. Erosion. Culverts can be designed in supercritical flow for hydraulic efficiency.
Howecver, the outlet of the culvert needs to be evaluated for erosion concerns, and the
hydraulic jump mustbe forced at the outlet of the culvert, whether by design grades or an
energy dissipater.
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c. Bends. For long culverts, bends may sometimes be necessary. Culverts are
recommended to be designed with maximum 15 degree bends on 50-foot intervals
(Reference 5). When modeling culverts with bends, backwater models may need to be
calibrated with other models to accurately estimate the losses in the culvert.

f. Velocity. The maximum discharge velocity of culverts shall be 15 feet per second.

2. Erosion Protection

Stream stability shall be assessed when determining the number of barrels, height and
width of barrels, and culvert skew. Potential for scour shall be accounted for in the
design. Refer to references 3 and 4 for more information.

-

Energy Dissipaters

Energy dissipaters shall be designed, where required, at exits to culverts, bridges, and in channels
to convey flow safely. Design of these structures shall be according to standard methods (see
References for additional sources). The City discourages the use of energy dissipaters except
where hydraulically constrained (subcritical flow throughout the drainage system is preferred).

Levees

The use of levees is discouraged in the City of Blue Ridge, except in cases to meet freeboard
requirements.

Buildings

The finished floor (FF) elevation of commercial buildings shall be 1 foot above the 100-year fully-
developed water surface elevation (WSE) of the ultimate floodplain or 2 feet above existing
FEMA flood deviations.

The FF elevation of residential buildings shall be 2 feet above the 100-year fully-developed WSE
of the ultimate floodplain or 2 feet above existing FEMA flood elevation..

All buildings shall be located outside of the current 100-year floodway and floodplain. See
Appendix A — Guidelines for Development for information on encroachment in the ultimate
floodplain.

Detention Facilities

General

a. Detention Facilities are NOT required in the City of Blue Ridge when runoff from the site can
be directly carried to a major channel or natural drainage-way that has adequate capacity. If the
flows leaving the site cannot be conveyed to a designated FEMA Floodway without adversely
impacting downstream property, then detention is required. The design requirements are listed
in Section 2 below. In lieu of detention, the affected drainage system may be upgraded to
provide the required capacity.
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Detention facilities may be used for aesthetics and to control flooding, soil erosion,
sedimentation and pollution control.

A maintenance plan, approved by the City Engineer, is required for all detention facilities and
shall meet the standards given in this section.

All detention facilities must be designed to drain within 36 hours of the storm event.

Due to the relatively impermeable soils in this area retention facilities will not satisfy detention
requirements for the City of Blue Ridge. Combination retention/detention facilities are
acceptable. However, the retention portion of the facility may not be included in the
calculations as satisfying detention volume requirements.

In addition, retention facilities shall be assumed to contain standing water and be designed with
proper aeration (such as a fountain).so as not to promote odors, insect breeding, or other
undesirable conditions. 4

Design Criteria

a.

Design Storm Frequency
When required, detention facilities shall be designed for the 100-year event.
Maximum Discharge Rates

The discharge rate shall be limited to the pre-developed discharge rate. In cases where future
downstream facilities or upstream detention (such as an SCS dam) are planned, the City
Engineer may allow an exception (either by increasing the discharge rate allowed or not
requiring detention). However, this variance must be approved by the City Engineer in
writing.

Minimum Storage Volumes

A detention facility must be able to store the 100-year, 2 hour rainfall event for the site without
exceeding the pre-developed discharge rate off the site.

Minimum Slope in Detention Facilities

A detention facility shall have enough gradient to ensure positive drainage to the outlet
structures so as to avoid nuisance conditions such as standing water, odors, insects, and weeds.
A minimum slope of 0.40% towards the outlet structure is required for all detention facilities.

Freeboard

All detention facilities shall have minimum of one foot (1 ft.) of freeboard above the water
surface elevation of the required runoff storage.

Sediment Control Facilities
Detention facilities used as a sediment control device shall meet the following requirements:

1) The sediment control facility shall be designed with minimal velocities such that sediment
is dropped and not picked up by flows at any time during the storm event. ~

2) The basin shall be designed with adequate sediment storage area so that sediment removal
is not required more than twice a year.
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3) Sediment control facilities cannot be used to meet detention requirements unless the
s volume of sediment is included in the calculations for the detention basin design.

g. Flood Peak Consideration

All detention facilities designs shall consider the timing of the flood peak in the main channel
into which the detention facility drains. Delaying the-peak from a site in lower portions of a
watershed may result in a higher peak on the main channel.
3. Easements
Drainage easements shall be provided for all detention facilities. Easements shall include the outlet
structure and associated outfall channel or conduits, detention facility and a 10-foot maintenance
access strip around the facility.

4. Maintenance . )
a. Detention facilities must be properly maintained by the owner to ensure the facility functions
properly. -
1) Mowing. Facilities should be mowed as required and at least twice a year to control weeds
and discourage woody growth.

2) Debris Control. Debris, litter and accumulated sediment should be removed from
detention facilities at least twice a year. Particular attention should be given to removal of
debris, litter and sediment around outlet structures.

3) Sediment Removal for Basins Designed with Sediment Storage. Detention basins
designed for sediment removal shall be maintained as specified in the maintenance plan.

4) Maintenance Plan. Conformance with the maintenance plan is the responsibility of the
owner of the detention facility.

5. Developments near Major Drainage Corridors or with downstream drainage
corridors of sufficient capacity to carry ultimate flows
Detention is not required for these sites.

Major Drainage Corridors are those considered under the Jurisdiction of
FEMA.. Information is available for these corridors in the City of Blue Ridge Master
Drainage Plan.

For the drainage watercourse between the site and the major drainage corridor (the area
downstream of the site and upstream of the major waterways), a capacity analysis must be
shown on the plans (or in a drainage report) showing that there is adequate capacity to
safely convey flows in this area. Otherwise, detention is required.

6) Developments where downstream drainage corridors cannot convey ultimate flows

Detention is required for these sites. The following information is required on the
drainage area map submittal or in a drainage report:

1) Calculations showing detention required
2) Allowable release (current flows)
3) Calculations showing release without detention (post-project before detention)

4) Calculations showing release with detention (post-project with detention)
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5) Downstream capacity shall be considered adequate whenever the top of curb is not
exceeded by the flows resulting from the new development.

6) A developer shall be responsible for detaining the increased flow solely from tus
development.

I. Storm Sewer Systems and Appurtenances

1.

Storm Sewer Design
a. Storm Frequency

The design storm event for storm sewers shall be a mimimum of 25-year, plus 100-year
positive overflow at inlets in street low points.

b. ‘Velocities and Grades in Storm Sewers

1) Minimum Vfilocity

The minimum velocity in a storm sewer conduitshall be 2.5 feet per second.
2) Recommended Slopes

The minimum slopes for various pipe sizes that will maintain the minimum
velocity are given in Appendix D — Hydraulic Tables.

3) Maximum Velocity
i) Storm Sewer

The maximum velocity allowed within a storm sewer conduit is 12.5 feet per
second or less.

ii) Qutfall

The maximum discharge velocities in the pipe shall also not exceed the permitted
velocity of the receiving channel or conduit at the outfall to prevent erosive
conditions. The maximum outfall velocity of a conduit in partial flow shall be
computed for partial depth and shall not exceed the maximum permissible
velocity of the receiving channel unless conirolled by an appropriate energy
dissipater (e.g. stilling basins, impact basins, riprap protection).

c. Hydraulic Gradient of Storm Sewers

Conduits must be sized and slopes set such that runoff flows smoothly down the drainage
system. To insure this smooth passage, the hydraulic gradient must be at the proper
elevations. In storm drain systems flowing full, all losses of energy through resistance
with flow in pipes, by changes of momentum or by interference with flow patterns at
junctions, must be accounted for by accumulative head losses along the system from its
initial upstream inlet to its outlet. The purpose of accurate determinations of head losses
at junctions is to include these values in 2 progressive calculation of the hydraulic gradient
along the storm drain system. In this way, it is possible to determine the water surface
elevation, which will exist at each structure. The hydraulic grade line shall represent the
rate of energy loss through the storm drain system.

1) The hydraulic grade line (HGL) shall be established for all storm drainage
design and included in the profile of the storm sewer. In open channels, the FIGL
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1s often controlled by the conditions of the sewer outfali. Therefore, the elevation
of the tailwater pool must be known. The hydraulic gradient is constructed
downstream from the upstream end, taking into account all of the head losses that
may occur along the line. The gradient can then be adjusted to intersect at or
above the gradient of the sewer outfall.

2) The friction head loss shall be determined by direct application of Manning's
Equation. Minor losses due to turbulence at structures shall be determined.

3) The hydraulic grade line shall in no case be closer to the surface of the ground
or street than 1 foot. Allowance of head must also be provided for future
extensions of the storm drainage system.

d. Minor Losses

‘When establishing the hydraulic gradient of a storm sewer, minor head losses at points of
turbulence shall be calculated and included in the computation of the hydraulic gradient.
The following minor losses shall be accounted for in the storm sewer system design.
Equations to determine these head losses are in Appendix C: Hydraulic Equations.

i) Entrance Losses

Entrance losses to a closed storm sewer system from an open channel or lake shall
be calculated. The resulting hydraulic gradeline shall be compared to inlet control
conditions for the storm sewer. The higher of the two values will be used as the
controlling upstream hydraulic grade line.

ii) Expansion Losses

For locations within the storm sewer system where the pipe size increases
expansion head loss shall be calculated.

iii) Manhole and Bend Losses

Head losses associated with manholes used for pipe direction changes and bends
in pipes of equal diameter shall be calculated.

iv) Junction Losses

Head losses associated with wye connections or manholes with branch laterals
entering the main line shall be calculated.

e. Open Channels and Conduits

Open channels may be used instead of enclosed systems when required flow is greater
than 3-72" conduits. Open channels shall not be permitted when the flow is less than the
capacity of 3-72" conduits.

Storm Sewer Laterals

Laterals for storm sewer systems shall be sized to control the flooding depth at the inlets.
The depth shall not be closer to the surface of the ground or street than 1 foot. Calculation
of the flooding depth shall be determined based on the addition of the velocity head of the
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lateral to the computed hydraulic grade line. See Appendix C: Hydraulic Equations for
flooding depth equation for laterals.

Inlets

a. Inlet Placement

In cases where curbs are not used along paved streets, a drainage course must be
provided to safely convey flows. Inlets are not required. The standards for
permissible spread of water under Section J — Roads must be met.

1) Storm sewer inlets shall be built along paved streets at frequent enough
intervals so that the 25-year storm does not exceed the top of curb.

2) Inlets shall be generally placed upstream of intersections. Surface drainage
will be allowed to cross intersections of residential streets. How&ver, only one
street shall be crossed with surface drainage at any one intersection and this street
shall be the lower classified street. Surface-drainage must be intercepted prior to *
an intersection of collector or thoroughfare streets. No surface drainage will be
permitted to cross a collector or thoroughfare street; therefore, valley gutters will
not be permitted in collector or thoroughfare streets.

3) When an alley intersects a street, inlets shall be placed in the alley whenever
flow down that alley would cause the capacity of the intersecting street to be
exceeded.

4) When a driveway intersects a street, inlets shall be placed in the driveway
whenever flow down that driveway would cause the capacity of the intersecting
street to be exceeded.

5) Aninlet shall be placed in the lowest corner of all backyard areas to remove
storm flows from each residential lot.

b. Capacity and Size
1) The minimum inlet size shall be five-feet (5).
2) No more than 20 feet of inlets shall be placed along a gutter at any location.
3) Minimum lateral pipe size shall be eighteen-inches (18").

4) Where laterals tie into trunk lines, place the laterals on a sixty-degree (60°)
angle with the trunk line. The lateral shall be connected to the trunk lines to
match the soffet of the pipe.

Inlet sizing charts are provided in Appendix E — Hydraulic Figures.
c. Design

1) All storm drain inlets shall be designed in accordance with the latest State of
Texas Department of Highways and Public Transportation Bridge Division
Hydraulic Manual. Standards of the City of Blue Ridge will take precedence over
the TxDOT manual in cases of conflict.

2) Recessed inlets shall be required on thoroughfare and collector streets.

3) Acurb line inlet is‘to be used on all streets except thoroughfare and collectors.
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4) Slotted drains, grate inlets will not be allowed unless approved by the City
Engineer.

5) Combination inlets may be considered where physical gcometry limits
capacity and shall be appoved by the City Engineer.

6) Storm drains from streets that pass between houses to an outfall shall be
designed to carry the 100-year flow.

Outfall

Flowline Elevations

The flow lines of storm sewer conduits that discharge into open channels shall match the
flow line of the channel expect under the following conditions:

1) When a storm sewer discharges into a concrete-lined channel, the outlet must -
be below the top of the channel lining

2) When the outfall is submerged below the normal water surface of a lake or
floodplain area. Under this condition, the storm sewer could discharge into a
lined channel ditch that would convey runoff to the flow line of the channel
without creating an erosive condition. Permissible velocities within the ditch will
be based on the type of lining used and the velocities.

Flumes. Flumes to bring the discharge down to the flow line of earthen creeks
shall not be permitted.

Drop Structures. Drop structures shall be allowed only upon the written approval
of the City Engineer.

Intersections with Creeks.

1) The discharge pipe shall intersect minor creeks at an angle not to exceed 60-
degrees, provided that channel banks are adequately protected from erosion
concers.

2) Pipes may intersect major creeks at an angle of 90-degrees, provided that the
ratio of discharge in the creek versus the discharge in the pipe during the 100-year
storm event is greater than 10. Erosion and safety concems shall be incorporated
into the design.

3) For all pipes intersecting major creeks, the design shall minimize erosion
concems and provide for the safety of citizens during storm events.

Manholes
Location

1) Manholes shall be located at intervals not to exceed 600 feet for pipe 24
inches in diameter or smaller.

2) Manholes shall preferably be located at street intersections, sewer junctions,
and changes of grade and changes of alignment.
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b.

3) Manholes for sewers greater than 24 inches in diameter shall be located at
points where design indicates entrance into the sewer is desirable; however, in no
case should the distance between openings or entrances be greater than 1,200 feet.

Shape

Manholes shall be rectangular and as specified in the construction details of these
standards.

6. Materials

Stormwater shall be carried in reinforced concrete pipe and shall be to the specifications
given in Appendix F — Material Specifications. Other matenals are not permitted unless -
prior approval is obtained from the City Engineer. Appendix D —Hydraulic Tables shows
recommended roughness coefficients for various types of conduits. If, in the opinion of”

the design engineer, other values for the roughness coefficient should be used, the

different value can be used with the permission of the City Engineer in writing.
Approprate notes showing the roughness coefficient shall be provided on the plans.

7. Installation

a.

Storm Sewer Installation

1} Construction shall begin at downstream end of project and continue upstream
with the pipe bell facing upstream. No upstream piping shall be installed before
downstream piping unless approved by the City Engineer.

2) The amount of trench excavation shall not exceed 200 (two hundred) feet
from the end of the pipe laying operations, and no more than 300 (three hundred)
feet of total open trench will be allowed. At the end of each workday, all trench
excavation shall be backfilled to the end of the pipe laying operation. Barricades
and lights will be required around any open trench left overnight.

3) Approved plugs shall be installed at the open ends of the line at the end of
each working day. All joints shall be assembled free of dirt and any foreign matter.

4) Water jetting of storm sewer trenches will only be allowed in sandy soils with
the prior approval of the City Engineer. The jet pipe should be kept at least two
(2) feet away from the pipeline to prevent the eroding of the embedment. Only
that amount of water should be used which is necessary to consolidate the
backfill. The jet ordinarily will consist of a pipe to which a two-inch diameter
hose is attached at its upper end, utilizing conventional pipe fittings or swivel
fittings. The jet pipe should not be less than 1-1/2 inch steel pipe and its length
should be shorter than the depth of the lift of backfill to be compacted. It should
be used with a confinuous supply of water with a pressure sufficient to cause
backfill displacement.

5) A density test shall be taken as required by the City Engineer. The density
reports shall be submitted daily to the City's inspection division.

6) All density reports shall be completed and delivered to the City’s inspector
before paving is allowed to begin.
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7) Concrete work for all structures shall conform to all requirements of ACI 301,
Standard Specification for Structural Concrete, published by the American
Concrete Institute, except as modified herein.

b. Extension Ring Installation
1) The number of extension ring sections shall be kept to a mintmum (i.e. use 1-
12" extension ring instead of 2-6" extension rings).

2) A 1"x 3-1/2" bitumastic gasket shall be used to seal the extension ring at both
joints.
c. Storm Drainage Wyes

All storm sewer wyes shall be factory made unless authorized by the City
Engineer or his representative. . -

J. Roads ) .
1. Design Storm Frequencies
a. Urban Street Sections

Urban street sections must be designed to contain the 100-year storm event within the
right-of-way. In cases where flooding will occur to existing buildings adjacent to the
right-of-way or where traffic is severely impacted, the City reserves the right to require
flows to be contained within the curb or at a level specified at the City Engineer’s
discretion.

b. Rural Street Sections

Rural street sections must be designed to contain the 25-year storm event inn the borrow
ditch and the 100-year event within the right-of-way.

2. Permissible Spread of Water

As water collects in the gutter and flows downbhill, a certain portion of the roadway w111 be
encroached by this flow. This spread of water on the roadway shall be hmited to prevent
the street from losing its effectiveness as a traffic carrier, which is an important concern in
the case of emergency vehicles which may not be able to traverse an inundated roadway.
The following table lists the allowable encroachment limits.

Sireet Classification Allowable Encroachment

Residential Maximum depth of 6 in. or top of curb (25-year storm).
Limits of ROW (100-year storm).

Collector One lane must remain open (100-year storm).

Thoroughfare One lane of traffic in each direction must remain open

(100-year storm).

3. Calculation of Flow in Gutters

The flow of stormwater in curb and gutter sections is classified as open channel flow. As
such, the design calculations are based on a modified form of Manning’s equation. A
modification to the hydraulic radius termn 1s required because the hydraulic radius is not
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4.

suitable for describing the cross section. The modified Manning’s equation to determine
gutter discharge is included in Appendix C — Hydraulic Equations.

Alleys

a. The flow created by a 25-year storm shall be contained within the limits of pavermnent of
all paved alleys. The 100-year storm flow shall be contained in the limits of the alley-
ROW.

b. Alleys shall be super-elevated as required at corners and curves to insure that flow
remains in the paved alley section. '

c. Design flow in alleys shall be calculated by using the same equation to calculate gutter -
flow for a straight crown calculated in two triangular sections.

K. Easements

1.

Easements Required for Open Channels ~

General

1) Drainage and/or floodway easements for all open channels and flumes shall
be dedicated to the City of Sherman.

2) No fences, buildings, or other structures which could impede flow shall be
placed within this dedicated drainage easement. Existing fences shall be
“grandfathered” (acceptable); however, once the fence is removed it cannot be
replaced.

Minimum Widths.

1) Easements shall encompass all areas having a ground elevation below the higher of:
a) one foot above the ultimate water surface elevation or
b) the top of the high bank or channel edge.

This will allow the City access to all areas of the channel.

2) The easement shall also include at least a 10-foot wide maintenance strip along
both sides of the channel or, if the City Engineer so allows, at least a 20-foot wide
maintenance strip along one side of the channel. Streets, alleys, bike paths, etc.,
alongside the channel can serve as all or part of the maintenance easement.

3) Drainage easements for flumes shall be located with sufficient width to permit
future maintenance accessibility, and in no case shall be less than 15 feet wide.

Easements for Enclosed Storm Sewers and Positive Overflow Areas

General

All storm sewer conduits are to be dedicated to the City of Sherman shall be located in an
easement dedicated to the City at the time of final platting of the property.

Minimum Easement Widths

1) The easement shall be at least 15 feet wide for storm sewers or meet the
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following requirements:

1) If the storm sewer line is less than 12-feet deep, the outside diameter of the
storm sewer line shall be located a minimum distance of 6-feet from the edge of
the easement, and 1f other utilities are located in the same easement., the outside
diameter of the storm sewer line shall be located a minimum distance of 3-feet
from the outside diameter of the other utilities.

1)) If the storm sewer line is greater than 12-feet deep, the outside diameter of the
storm line shall be located a minimum distance of 9-feet from the edge of the
easement. If other utilities are located n the same easement, the outside diameter
of the storm sewer line shall be located a minimum distance of 6-feet from the
outside diameter of the other utilities.

- 2) Special drainage easements on private property shall be a minimum of 10 feet
wide or wider if the City Engineer requires it for maintenance or other purposes.
No buildings or other structures and improvements shall be placed within these
dedicated easements.

Utility Conflicts

With the hydraulic gradient established for a particular line, considerable latitude 1s available for
the physical placement of the pipe flow line elevations. The inside top of the pipe must be on or
below the hydraulic gradient, thus allowing the pipe to be lowered where necessary to maintain
proper cover and to minimize grade conflicts with existing utilities.

a. General. In the design of a storm drainage system, the engineer 1s {requently
confronted with the problem of intersections between the proposed storm drain and
existing utilities such as water, gas and sanitary sewer lines.

b. Water Lines. All existing water lines in the immediate vicinity of the proposed
storm drains shall be clearly indicated on both the plan and profile sheets. When design
clearly indicates that an intersection of the storm drain line and the water main exists and
the proposed storm drain cannot be economically relocated, then the existing water line
shall be adjusted.

c. Sanitary Sewers. All existing or proposed sanitary sewers in the immediate
vicinity of the proposed storm drains shall be clearly indicated on both plan and profile
sheets. When design clearly indicates that an intersection of the storm drain line and the
water main exists and the proposed storm drain cannot be economically relocated, then the
existing sanitary sewer line shall be adjusted.

d. Gas Lines and Other Utilities. All existing gas lines and other utilities in the
immediate vicinity of the proposed storm drain shall be clearly indicated on both the plan
and profile sheets. Gas lines and other utilities, not controlled by elevation, shall be
adjusted when the design clearly indicates that an intersection of the storm drain line and
the utility exists and the proposed storm drain cannot be economically relocated.
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V. Other Criteria

In addition to the requirements given in this standard, all other state and federal agency
regulations, such as U.S. Army Corps of Engineers and TNRCC must be met. In some cases
where channel areas are disturbed, mitigation may also be required.
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V1. Drainage Report Submittal

Ceneral

A Drainage Report is required to be submitted to the City Engineer for major channels and
structures, or when all of the hydrologic and hydraulic calculations are not provided on the
Construction Plans. A Drainage Report must be submitted to the City when a LOMR or CLOMR
is required by FEMA.

Report Text

~The report text shall include all methodology and references for all hydrolegic and hydraulic

caldulitions.

Report Appendix

The Appendix shall include all tables, figures, spreadsheets, and forms used in the analysis. The
following are suggested appendices as data is required (some appendices may not apply) to assist
with an efficient review:

Appendix A - General

*  Vicinity Map

*  Site Boundary
Appendix B - Hydrology

*  Drainage Area Map

= Supporting Calculations and Figures for Current Conditions Hydrology (if required); for
smaller drainage systems, hydrologic calculations may be submitted on plan sheets.

= Supporting Calculations and Figures for Post Project Conditions Hydrology

»  Supporting Calculations and Figures for Ultimate Conditions Hydrology
Appendix C - Existing Hydraulics

*  Figures and Tables

= Model Output (Current Conditions Hydrology — if required)

= Model Output (Post Project Conditions Hydrology)

= Model Output (Ultimate Conditions Hydrology)

= Profile Data

= (Cross-Section Data
Appendix D - Post Project Hydraulics

= Figures and Tables

* Model Output (Post Project Conditions Hydrology)

City of Sherman ® Drainage Design Standards March 2001
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=  Model Output (Ultimate Conditions Hydrology)
*  Profile Data
*  Cross-Section Data
Appendix E ~ FEMA Information / Other
=  FEMA Forms (if required)
*  Other

Additional Appendices may be required, depending on site models required by FEMA (Duplicate
Effective Models, Corrected Effective Models, Post Project Models)
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VII. Specifications

Authority

For any specifications not covered by the City of Sherman’s standards or specifications, the
Standard Specifications for Public Works Construction, North Central Texas adopted by North
Central Texas Council of Governments (NCTCOG) on February 24, 1983, with all amendments
thereto, shall govern and shall constitute the City of Sherman’s technical specifications except as
herein amended or supplemented. They will be referred to as the Standard Specifications and will
not be physically bound with the City’s Design Criteria. Copies of the Standard Specifications
may be obtained from the NCTCOG.

Submittal Specifications |

Submittal specifications shall be subinitted with construction plan sets fof review by the City
Engineer. '

VIII. Construction Plans Submittals

General

The platting process consists of a Preliminary Plat Submittal and a Final Plat Submittal.
Requirements for these submittals are as listed in the City Developer’s Ordinance and approved
before any private improvements are made.

After the platting process is complete, Construction Plans must be submitted to the City. The
Final Plat may be submitted as part of the Construction Plans Submittal.

Construction Plans Submittal

The Construction Plans Submittal consists of Construction Plans and a Drainage Report. The
plans and report shall be signed and sealed by a Licensed Professional Engineer in the State of
Texas. The construction plans shall include the items given in this section.

1. Survey

Non-published survey data (i.e. new survey) shall by signed and sealed by a registered land
surveyor (RLS). Benchmarks used in the survey shall be clearly listed in the plans. The signed
and sealed copy of the survey data may be included in the Drainage Report instead of on the plans
as part of the final submittal. All survey data used in floodpiain delineation must meet FEMA
requirements.

2. Roads

Drainage calculations for all roads must be provided on the plan sheets, or incorporated into the
Drainage Report.

City of Sherman ® Drainage Design Standards
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3. Drainage Area Map
a. General

1) A Drainage Area Map must be included in the plan set. Calculations for flow
must be included in either the plan set or in the Drainage Report.

2) The Drainage Area Map must show the delineation of on-site basins,
concentration points, and corresponding flows. Off-site basins must be shown in
either the Drainage Report or in the Final Plans.

b. Rational Metl_md Calculations

1) If the Rational Method is used to determine the flows, the plan sheet shall
include a table that shows the following (or a note that references the Drainage
Report name and date): ;

i) Drainage area designation (name) for each delineated b-asin
i1) Basin area, A -
iii) Runoff coefficient, C (current and post-project conditions)
iv) Time of Concentration, Tc

v) Rainfall Intensity, 1

vi) Discharge at each concentration point, Q (current and post-project
conditions)

2) The plan sheet must show a concentration point for each basin and a flow
arrow that depicts the direction of flow.

c. Developments near Major Drainage Corridors or with downstream drainage
corridors of sufficient capacity to carry ultimate flows

Detention is not required for these sites.

Major Drainage Corridors are those considered under the Jurisdiction of FEMA.
Information is available for these cormidors in the City of Sherman Master Drainage
Plan.

For the drainage watercourse between the site and the major drainage corridor (the
area downstream of the site and upstream of the major waterways), a capacity analysis
must be shown on the plans (or in a drainage report) showing that there 1s adequate
capacity to safely convey flows in this area. Otherwise, detention is required.

d. Developments where downstream drainage corridors cannot convey ultimate
flows

Detention is required for these sites. The following information is required on the
drainage area map submittal or in a drainage report:

1) Calculations showing detention required
2) Allowable release (current flows)

3) Calculations showing release without detention (post-project before detention)

City of Sherman ™ Drainage Design Standards March 2001
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4) Calculations showing release with detention (post-project with detention)

5) Downstream capacity shall be considered adequate whenever the top of curb
15 not exceeded by the flows resulting from the new development.

6) A developer shall be responsible for detaining the increased flow solely from
his development.

4. Culverts

The following information shall be submitted in either the Construction Plans or the Drainage
Report for all culverts:

a. Profile of culvert
b.  Culvert size )
. C. Required discharge .

d. Design discharge

e. Headwater elevation

f. Tailwater surface elevation

g Upstream invert

h. Downstream invert
5. Bridges
The following information shall be submitted in either the Construction Plans or the Drainage
Report for all bndges:

a. Profile of culvert

b. Culvert size

c. Required discharge

d. Design discharge

€. Headwater elevation

f Tailwater surface elevation

g- Upstream invert

h. | Downstream invert

6. Open Channels

The following information shall be provided for each section of open channel in either the
Construction Plans or the Drainage Report:

a. Descrniption of segment location

City of Sherman M Drainage Design Standards March 2001t
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b. Length of segment
c. - Geometry of segment
d. - Required discharge
e. . Design discharge
f. Slope of hydraulic gradient
g. Upstream hydraulic gradient elevation
h. Downstream hydraulic gradient elevation
1. Velocity
3 Upstream invert
- k. Downstream invert
7. Storm Sewer

The following information shall be submitted for storm sewers on the plan set :

a. Description of pipe location (1.e., from which manhole or inlet to which manhole
or inlet)
b. Length of pipe
c. Required discharge
d. Pipe size
€. Slope of hydraulic gradient
f. Upstream hydraulic gradient elevation
g. Downstream hydraulic gradient elevation
h. Inflow velocity
i Qutflow velocity
]- Sum of minor losses through the pipe section
k. Hydraulic gradient elevation at design point
L Incoming pipe invert elevation at design point
m. Outgoing pipe invert elevation at design point
City of Sherman M Drainage Design Standards March 2001
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8. Laterals

The following information shall be submitted for storm sewer laterals either on the plan set or with

anote referencing the drainage report by name and date.

Description of pipe location (to what inlet)

o P

length of pipe

required discharge

e o

pipe size
slope of hydraulic gradient
upstream hydraulic gradient elevation

downstream hydraulic gradient elevation

7w oo

upstream pipe invert elevation of lateral

-
.

downstream pipe invert elevation of lateral

9, Inlets

The following information shall be submitted for inlets on the plan set or with a note referencing

the drainage report by name and date.

a. Inlet number

b. Description of imlet location (where along street)
c. Design storm frequency

d. Time of concentration (T¢)

e. Rainfall intensity (I)

f. Runoff coefficient (C)

g. Area contributing runoff (A)

h. Discharge at inlet

1. Carryover flow from upstream inlets
J- Street capacity

k. Gutter slope

1. Length of inlet

m. Inlet capacity per foot

n. Flow captured by inlet

0. Percent intercepted flow

p. Flow that passes by inlet

q. Pipe sizes in and out of inlet

Hydraulic gradient at inlet

i
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s. Elevation of gutter at inlet

t. Elevation of top of curb

u. Upstream pipe invert elevation at inlet

v. Downstream pipe invert elevation at inlet
10. Outfall

The following information shall be submitted for storm sewer outfalls on the plan set or with a note
referencing the drainage report by name and date.

a. Description of outfall location
b. 100 year water surfacg elevation at outfall .. .

Description of outfall stream dimensions

d. 7 Maximum allowable velocity of outfafl stream
“€. Maximum capacity of outfall stream
11. Materials

All material to be used in construction of the storm drain system shall be specified either in the -
General Notes of the Construction Plans or on the plan and profile sheets.

12. Easements
a. All utility easements and right-of-ways must be clearly identified on the plans.

b. The width of all easements and right-of-ways shall be clearly shown on the plans.
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Appendix A

Step 1. preliminary work

The City has adopted these drainage standards to assist with the orderly and safe development of
property within the city. These “Step by Step” guidelines are included to assist the owner or
developer with complying with all City requirements.

Step la.  Visit City offices and obtain the following:
e FEMA map for your property

- : : e Copy of the drainage planning study called “The City of Shérman Drainage Master
Plan” (original study adopted in early 2001). Please check for updates. The city
engineer can assist you with this information.

Step 1b.  Evaluate the FEMA information.

e For the FEMA map, determine if there are any FEMA floodplains on your property.
There are some areas within the city where land is identified in a floodplain but the
floodplain limits have not been determined (Zone A). The City is working with
FEMA to get these areas mapped. If your property is within one of these areas, you
have several options for development of your land, described in Step 2 below.

) Step 1c.  Evaluate the planning study information. The information from the study pertains to
L major drainage corridors within the city. For local site drainage, skip to “step 2 - design”.

¢ From the Drainage master plan, determine the information relating to your property,
including major corridor flows and the ultimate floodplain (if applicable).

e You will need to depict this information during the platting process.

City of Sherman B Drainage Design Standards
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( o Appendix A

Step 2. design

The detailed standards for design of drainage facilities within the City can be found in the preceding
sections of this design manual. However, the following is provided to give a brief synopsis of the
design gmdelines within the city.

Step 2a.  Identify drainage paths and major corridors. From step 1b (above), if the FEMA map
shows part of your property m a floodplain, then you have a major corridor crossing your
property. Go to step 2c. If you do not have a FEMA floodplain on your land, go to step

~ Step2b.  Read the following if you have NO FEMA floodplains on your property:

When it rains, if water comes onto your land from other property, you must quantify what
this amount of water will be for a 100-year event at ultimate development and safely
convey this water around any structures on your property.

If there is no water coming onto your property from any other property, then proceed
directly to Step 2d.

The equation used to determine the amount of water from upstream-land is called the

Rational Equation (assuming the amount of land upstream is less than 200 acres at any one

] “infall” point). For directions on how to use the rational equation, see Section II - Runoff
Methods of this design manual.

Since you are not in a mapped FEMA floodplain, runoff from other property onto your
land will probably be relatively small. However, you must ensure that this water is safely
conveyed throughout your property, and that you are not altering the historical path of the
water.

Go to Step 2d.
Step 2c.  If you DO have FEMA floodplains on your property, the following applies:
1) When developing your property, you must follow all FEMA requirements

2) The city has identified ultimate “projected” floodplain corridors in the master

- Drainage Plan study (originally dated August 2000). In developing your property, if

you remain outside of the ultimate “projected” floodplain on your property, then you

E: - have met city requirements. The ultimate and current floodplains must be shown on
i the final plat submitted to the city for review and approval.

3) In some cases the property owner may wish to grade within the floodplain. As such,
the city’s standards are to allow development to occur within the ultimate floodplain,
but not within the current floodplain (as defined by FEMA at the time of
development).

In most cases the FEMA floodplain is identified within the city. If you fall within a
zone where the land is identified as being in the floodplain, but the exact limits of the

e

City of Sherman W Drainage Design Standards e
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Step 2d.

City of Blue Ridge, Texas

current floodplain have not been determined (for example, Zone A), then you have
several choices:

The city is currently working with FEMA to model the unstudied creeks within the city. This
is a lengthy process, and guarantees cannot be made as to when all of the creeks within the
city will be studied. As the property owner, you can wait to develop within the ultimate
floodplain until the creek on your property is studied and the exact current floodplain limits
are identified.

A second option is to hire a civil engineer to map the limits of the current and ultimate
floodplains (and to ensure Step 2d below).

In addition to all of the above, as a property owner you must do the following:

» In ALL CASES, if you are encroaching on the ultimate floodplain in any way, you must
show that the current floodplain is not impacted. All FEMA requirements must be
met. In addition, you must show that the ultimate water surface elevation is not increased
after development. If you fill within the ultimate floodplain you will need to excavate in
the overbanks of the current floodplain or within another portion of the ultimate
floodplain. In some cases, the city will not allow excavation within the current
floodplain (depending on safety or aesthetic concerns). If you modify the current
floodplain you must submit a CLO:MR and LO:MR to FEMA. A plan must be
submitted to the city engineer for approval.

« Convey water safely on your property (whether from upstream properties 111 any
direction, or from onsite)

» Discharge the water from your site in the same "historical™ locations as prior to
development (unless there is a new "water corridor" identified by the city). A new
corridor would be identified by the city in cases where there is an existing flooding
problem, and the city has built a new corridor to help alleviate flooding problems.

Note to the property owner: Texas water law states that you cannot develop your property
such that it floods downstream property that was not previously flooded (or increase the
flooding problem on a property that is already being flooded). As such, you must either
discharge into a waterway that can handle your increase in flows from your property, or
detain the water that is "increased"” by development of your property. It is the city's primary
goal regarding drainage to minimize the risk of flooding throughout the city. It is the owner's
responsibility to ensure that water is safely conveyed throughout their property. These
drainage standards are provided as a 'level of standard' within the city; however, they do not
ensure that a property will not be flooded during a certain rainstorm event.
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( Appendix A

Step 3. submittals

There are three possible submittal requirements, depending on the “leve]” of drainage on the site:
= Drainage Study

=  Specifications

o

= Construction Plans

Drainage Study -

A drainage study is a text bound report that must be submitted if the information regarding drainage
for the site cannot be displayed in it’s entirety on the construction plans. In_most cases, this would

pertain to a site where a FEMA floodplain exists and modifications are proposed in: the ultimate
floodplain. -

Specifications

Specifications are bound in a report and consist of line items pertaining to construction items. These

are required to be submitted to the City if you are receiving construction bids for your development or
renovation. :

Construction Plans

Construction plans are submitted to the City:

A simplified form of construction plans may be submitted for homeowners who are performing their
own drainage work. The intent is for the City to understand how the water is conveyed on the property
and to ensure that it is carried in a safe manner.

e

;\)"ﬂ"-"'i“‘
_ City of Shertnan ® Drainage Design Standards
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o Appendix A

Step 4. approval process

The City Engineer shall coordinate the review process. The City encourages landowners, developers,
and engineers to meet with the City prior and after submittals. The City believes these meetings will
help expedite reviews and facilitate communication between the parties. The City is committed to
completing reviews in a timely process and looks forward to working with its citizens as the city
continues to develop.

_Step 5. construction

“ . “The city assigns inspectors-during the construction process. =~ For more information regarding
requirements and working with the City, contact the Office of Public Works and Engineering.

City of Sherman ® Drainage Design Standards
D:\Memos - Mark\DrainageMP-KimleyHom02.doc



. SHERMAN —
:: City of Sherman, Texas

Appendix B: Hydrelogy Tables and
Figures

Design Storm Frequencies

Rational Method, Runoff Coefficient “C”
- Te Graph‘for Sh.eet Flow (Upland Method)

Tc Graph for Shallow Concentrated Flow

City of Sherman IDF Curve

SCS Curve Numbers

City of Sherman W Drainage Design Standards
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Appendix B

Design Storm Frequencies

The design storm frequencies for various drainage structures are given below:

Dranage Facility Minimum Design Recurrence Interval
L Street - Urban sections 100-year within the ROW
, . Street - Rural sections 25-year in the borrow ditch and 100-year within
: the right-of-way
° Closed stormi sewer systems 25-yéar, plus 100-year positive overflow and

inlets at a street low point or swale assuming no
-  conveyance from the sump storm sewer or such
that requirements are not for the street.

. Culverts and bridges 100, 50, 25-year depending on street
classification
. Channels 100-year

The City requires that sites be developed to the 100-year ultimate conditions. FEMA requires that
models be submitted that represent current or post-project conditions.

e

The design storm frequencies for storm sewers is a minimum of 25-year, plus 100-year positive
overflow and inlets at a street low point.

_ In urban sections, the depth of flow in the streets shall not exceed the limits of the ROW for the
100-year storm.

City of Sherman ® Drainage Design Standards
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Appendix B

Runoff Coefficient Values for “C”

Runoff coefficients shall be applied to current and developed conditions as outlined below.
Interpretation of “C” values for a questionable zoning or land use application is at the discretion of

the City Engineer.

Land Use

Runoff Coefficient

Park areas - No developed land
Developed park sites

Single family residential

Duplex

Muitiple family

Schools

Churches

Local Business

Central Business

Commercial

Industrial

0.30
0.40
0.55
0.60
0.70
0.70
0.75
0.75
0.85
0.85
0.85

City of Sherman ® Drainage Design Standards

D:\Memos - Mark\DrainageMP-KimleyHom02.doc



s oo S S S E AT S e e w8 s T =
%0 NEERRRRE RN { AR AR RN R i T+ it
IRRERRE 1 ) RRARRE
5 BOt'i T ]; i } m { | { }
70 Al | 1‘54:
( % 7
50
; Ty /
a0 - /
K - 1 / .
X F FEH
R
4 ¥
J 4 } 4 7z F
f i b 4
20 4 4 -
y 4 ¥ 4 rivi
7 7
i
- _ 7 7
: z v /
: i £
: S A
T 4 7/ /A
~- Wl 4 ll {
. a 9 —H y
Z 8 7 7
- V4
w7 yéri 71
- a. g rA /i
9 f . 7
@ s i/ 7 7117
y y y ¥
4
: ) /
: 3 / / VAN
J 4 ¥} l.
t £
¥ y 4 f 2
f 4 1 3 y 4 —
; 2 7 -
i ¥ { I 8
4 i
v
- J
J 4
H J
K ]
7
10
£ f
4 7
y i
. A
{ 7 7
i. 05 .
- - o~ © < M W oGO o © v @ 0w ~Nooeo od
o o o o O O OO0~ e
L; VELOCITY (FT/SEC)

m Farest with haavy ground litter & hay meadow {overiand How)

Ldd
IRV

E]Trash fallow or miremum tittage cultivation; contour or sh'i.p cropped & woodland (overdand flow)
ESbon grass pasture {overdand flow)

[#) cuttivated, sraight row (overtand flow)

ENaarty bare and unsilled (overiand flow); alluvial fans westem mountain regions

G

2

ﬁ Grassad waterway
L E Paved arga (sheat tiow); small upland gutlias
N it
g

Overland Flow Velocities for Upland Method af Fatimatine 7



e

Rl

.50 -

not,
\

.20 -

.06 -

.04 -

pwrseny e

Watercourse slope, ft/ft

005 ~b-

! ! f A O I
1 2 4 b 10

Average velocity, ft/sec

~Average velocities {or estimating travel time for shallow concentrated flow.



Ralnfall intensity In inches Per Hour

100 -

o N 000

(1]

n®
Appendix A QD
Intensity - Duration - Frequency Curve
City of Sherman
1 10 100 . 1000
— ¥
/
4
/ -
7
Y
i N Vi
/1
{100-
[10y] NN
3 Sw ’\\\ \NK
NN 7
RN
' N
1 NYVR
: N
NI
N \\Q\
/ \\\ §\
/ AN N
NESNTEN
P VAN
| [ Storm Duration Rainfdl Intensity (inhr) N\ NN
{minutes) St Frequency (years) \\ s \‘ '\
N 10 25 50 10 N N \
i NNl
5 £ 101 118 134 149 \r
| 10 7 79 92 105 116 LN
15 66 77 87 96 N
60 (1 hr) 29 33 38 42 \\ 10y
| 120(2 hr) 18 20 23 26 N 15»
13 15 17 19 N\
08 09 10 11 27
3 04 05 05 06 07
02 02 03 03 04 04
1/lIHHH. i [ 71T
1 10 100 1000 10000

Rainfall Duration In Minutes



SCS Curve Numbers

Table 2-2a.—Runoff curve numbers for urban areas!

i Curve numbers for
- Cover description hydrolopic soil group—

Average percent :
Cover type and hydrologic condition impervious area? A B C D

Fully developed wrban areas (vegetation established)

Open space (lawns, parks. golf courses, cemeteries,

-7 etc.): .
Poor condition {grass cover < 50%) ..._.......... 68 9 ?6 B9
Fair condition (grass cover 50% to 73%)........... 49 69 739 &4

e - Good condition (grass cover > 75%)
" Impervious areas:

Paved parking lots. roofs. drivewavs, etc. ) ' .
C (’ex(‘ludihg: right-of-wav) .. ... . ..... . 98 98 98 938
. .Streets and roads:

Paved: curbs and storm sewers (excluding -

.............. 39 61 4 80

dght-of-wav). ... ... ... ... e a8 98 98 98
Paved: open ditches (including right-of-way) ... .. .. B3 89 92 93
Gravel (including right-of-wav) ................... 76 85 8? 91
- Dirt (including right-of-way) ... .........._...... 72 82 81 89
Western desert urban areas: )
Natural desert landscaping (pervious areas onlv)... 63 1 85 88
7 Artficial desert landscaping (impervious weed
barmer. desert shrub with 1- to 2-inch sand )
or gravel mulch and basin borders). .............. 96 96 96 96
- Urban districts:
. Commercial and business. .. ... ... ............... 85 89 92 94 95
‘ Industrial .. ... 72 81 88 91 93
P Residential districts by average lot size: :
E 1/8 acre or less (town houses). ... ................ 65 7 85 90 9'%
: VA ACKe oo 38 61 75 83 81
VB acre ... 30 57 T2~ 81 86
Y2 acre ... 25 54 70 80 85
Yacre .. 20 51 68 79 84
2ACIeS L. 12 46 65 Ti 82

Developing urban areas

Newly graded areas (pervious areas only,

no vegetation)s . . _ . e e e e L 86 91 ek
Idle lands (CN's are determined using cover types

similar to those in table 2-2¢).

'Average runoff condition, and 1, = 0.2S. . . .

*The average percent impervious area shown was used to develop the composite CN’s. Other assumptions are as follows: impervious area-
are directly connected ta the druinage system. impervious areas have » CN of 98, and pervious areas are considered equivalent to open
space in good hydrologic condition. CN's for other combinations of conditions may be computed using figure 2.3 or 2-4.

3CN’s shown are equivalent to those of pasture. Compusite CN's may be computed for other combinations of apen space cover type. .
“Composite CN's for naturs! desert landscaping should be computed using figures 23 or 24 based on the impervious urea percentage {CN
= 981 and the pervious area CN. The pervious area CN's are assumed equivalent to desert shrub in poor hydrologic u_)ndltmn. ) ,
*Composite CN's o use for the design of temporary meusures during grading and construction should be computed using figure 2.3 or 24
bused on the degree of development (impervious urea percentage) and the CN's for the newly graded pervious aress.

YOO LT L

[

(210-VI-TR-55, Second Ed., June 1986) 2.5



SCS Curve Numbers

(

Table 2-2b.—Runoff curve numbers for cultivated agricultural tands!

Curve numbers for

o Cover description hydrologic soil group—
= ’ Hydrologic
Cover type Treatment? condition?® A B C D
Fallow Bare soil — 77 86 91 94
. Crop residue cover (CR) Poor 6 83 90 93
G Good 74 83 88 30
Row crops Straight row (SR) Poor T2 s1 88 91
- o Good 67 S8 85 89
SR +CR Poor 71 80 87 90
» ) , . Good - 7 64 75 82 83
. Contoured (C) Poar 70 79 84 83
L Good 65 ) 82 36
T C +CR Poor 69 78 83 87
Goed 64 4 81 83
T Contoured & terraced (C&T) Poar 66 74 80 82
o Good 62 7 78 81
o o C&T + CR Poor 63 73 79 81
Good 61 70 T 20
L+ Smallgrain SR Poor 65 76 84 8%
LT Good 63 3 83 87
P : SR « CR Poor 64 It} 83 806
Good 60 @2 80 84
C Poor 63 74 82 85
o Good ' .61 73 81 84
C +CR Poor 62 73 81 34
Good 60 72 80 3
: C&T Poor 61 12 79 B2
L Good 39 70 78 81
C&T + CR Poor 60 71 8 81
‘- ' Good 58 69 77 80
l': Close-seeded SR Poor 66 o 85 89
) or broadcast Good 58 2 81 85
B ’:)gt;’?es or C- Poor 64 7 83 85
ﬁi meadl;)::~ Good 55 69 8 83
i C&T Poor 63 3 80 83
: Good sl 67 16 80
% :-g\_\‘emge runofl condition, and I, = 02S.
i ’Hl\',nlll:x "l:":a": ":UC“l'_‘(‘_"a(!l?lies only if resi(_lue L\ ot least 3% _of the s}xiface t‘hmughuut the year. ) )
arons (s < ul::ll[(:({ll: (1‘:::1.\'&([ ;.m c_umbma.u(m aof fa;tms.[‘hat .;lﬂ'ec( ;:l{'x‘lu;aluon .md _runuf.f. _md‘udang (a) density :iild canopy .of \'egetlzfu\;ei .
: Face Geood 3 051 ) (e)‘i‘l"u cuv err; (c}-dmuuu(;.: g_r?m- ot close-seeded legumes in rotations, (d) percent of residue cover on the land sur-
' F'oor: Factor- tpair infilt ?ﬂw O .Im dcle "“_Ug. n‘&'\\ fT.
ol Faes n-nlmun:"rx .lf(lli.m e dlebr: to n;:re‘fx.r x:uxrm L N
K€ average an tter than average infiltrution and tend to decresse cunoll.

o <6 (210-VI-TR-55, Second Ed., June 1986)



SCS Curve Numbers

Table 2-2¢c.—Runoff curve numbers for other agricultural lands!

Curve numbers for

Cover description hydrologic soil group—
Hydrologic

Cover type condition A B C D
Pasture, grasstand, or range—continuous’ Poor 68 79 86 89
X forage for grazing.? Fair 49 69 79 84
Good 39 61 4 80
Meadow—continuous grass, protected from : S = T 30 58 71 78

grazing and generallv mowed for hay.
© -
] ~ Brush—brushawveed-grass mixture with brush - Poor 48 67 71 8§
the major element.? Fair 35 56 70 77
) Good 30 48 65 73
) Woods—grass combination (orchard Poor 57 73 82 8?3
or tree farm).’ Fair 43 ~65. 76 82
Good 32 58 72 79
Woods. S Poor 45 66 7 83
Fair 36 60 73 18
( Good 430 55 70 7
,,_‘ Farmsteads—buildings, lanes, driveways, - 59 74 82 86

and surrounding lots.

'Average runofl condition. and I, = 0.2S.

Hawe: <3 mround cover or heavily grazed with no mulch.
Fai: 30 te 73% ground cover and nat heavily gruzed.
Goud. >75% ground cover and lightly or enly occasionally grazed.

Mo <30% ground cover.
Fair: 30 ta 75% ground cover-.
Cronnd: > 33% ground cover.

*Actual culve number is less than 30: use CN = 30 fur runoff computations.

3CNs shown wete computed for areas with 30% wouds and 30% gruss (pasture) cover. Other combinations of conditivns may be computet
frum the CN's for woods and pasture.

Sl'oz Forest litter, small trees, and brush ave destruyed by heavy grazing or regular burning.
Freir: Wouods are gruzed but not burned, and some forest litter covers the suil. )
Guud: Wouds are protected from grazing, and litter and brush adequately cover the soil.

B

- {(210-VI-TR-55, Second Ed., June 1986)

O



ik

5 SHERMAN —
— City of Sherman, Texas

Appendix C: Hydraulic Equations

Manning’s & Continuity Equations

Superelevation of Water

Gutter Discharge
Weir Equations
Minor Headloss Equations

Lateral Flooding Depth

F roude Number

Note: The following equations will assist in calculations required in storm sewer and open
channel design. In addition to these equations there are numerous computer
programs that may be used to do the calculations required for designing storm
sewer systems.

City of Sherman ™ Drainage Design Standards
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- Appendix C

Manning’s Equation

Following is Manning’s Equation:

Q=1.486 AR™ /" ©

n

where,

Q = Total discharge (cfs)

n = Coefficient of roughness (Manning’s n)
A = Cross-section area of channel (sq.ft.)

R = A/P = Hydraulic radius of channel (ft)
P = Wetted penimeter (ft)

S¢= Slope of the frictional gradient (ft/ft)

Continuity Equation

Following 1s the Continuity Equation:

Q=VA ¢

where,

Q = Total discharge (cfs)

V = Velocity (ft/s)

A = Cross-section area of channel (sq.ft.)

Combined Manning’s Equation and Continuity Equation

The two equations can be combined to solve for Velocity:

V=1.486 R* S/ 2

n

City of Sherman B Drainage Design Standards
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Appendix C

Height of Superelevation of Water
In a Bend

An equation that can be used to determine the height of the superelevation of the water (Reference
13)1s:

2

- H=cVw

where
i H; = height of superelevation of the water around the bend (ft)
Y- ¢ = coefficient, see table below
V = velocity around the bend (ft/s)
w = top width of flow (ft)
g = gravity constant, (32.2 ft/s’)
r = radius of the bend (ft)

% Table for Coefficient, c

Channel

= Flow type Cross-section Type of Curve Value of ¢

: Tranquil Rectangular Simple circular 0.5

’ Tranquil Trapezoidal Simple circular 0.5
Rapid Rectangular Simple circular 1.0
Rapid Trapezoidal Simple circular 1.0
Rapid Rectangular Spiral transitions 0.5

. Rapid Trapezoidal Spiral transitions 1.0

-~ Rapid Rectangular Spiral banked 0.5

City of Sherman M Drainage Design Standards
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Appendix C

Gutter Discharge

= For streets with straight crowns, the gutter section will resemble a triangular channel. The equation
to determine gutter discharge is as follows:

Q= 0.56(Z/n)(S")(Y*)
Where:

Q = gutter discharge (cfs)
Z = reciprocal of the crown slope (ft/ft)

- S = longitudinal street or gutter slope (f/ft)
n = roughness coefficient

- ’ Y = depth of flow at curb (ft)

Manning’s n for Gutters

The following table includes various values for the roughness coefficient ("n" values) for use in
the gutter discharge equation.

5 Type of Gutter Manning’s n
- Concrete gutter with asphalt pavement rough 0.015
N_ Concrete pavement broom finish 0.016

City of Sherman W Drainage Design Standards
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Appendix C

Weir Equations

Broad Crested Weirs

Discharge over broad-crested weirs can be expressed by the equation:

Q=CsLH™"

where

Q = discharge, cfs

Cp = coefficient, below

L = length of werr, ft

H = height of water over werr, ft - : -

G : Broad Crested Weir Coefficient Cg

. Measured head in Breadth of crest of weir in feet
feet, H 0.5 0.75 1.0 1.5 2.0 2.5 3.0 4.0 5.0 10 15
e 0.2 2.80 2.75 2.69 2.62 2.54 2.48 2.44 2.38 234 2.49 2.68
0.4 2.92 2.80 2.72 2.64 2.61 2.60 2.58 2.54 2.50 2.56 2.70
- 0.6 3.08 2.89 2.72 2.64 2.61 2.60 2.68 2.69 2.70 2.70 2.07
§ 0.8 3.30 3.04 2.85 2.68 2.60 2.67 2.68 2.68 2.68 2.69 2.64
. 1.0 3.32 3.14 2.98 2.75 2.66 2.64 2.65 2.67 2.68 2.68 2.63
| - 1.2 3.32 3.20 3.08 2.86 2.70 2.65 2.64 2.67 2.66 2.69 2.6
s 1.4 3.32 3.26 3.20 292 2.77 2.68 2.64 2.65 2.65 2.67 2.64
1.6 3.32 3.29 3.28 3.07 2.89 2.75 2.68 2.66 2.65 2.64 2.63
1.8 3.32 3.32 331 3.07 2.88 2.74 2.68 2.66 2.65 2.64 2.63
2.0 332 3.31 3.30 3.03 2.85 2.76 2.72 2.68 2.65 2.64 2.63
2.5 3.32 3.32 3.31 3.28 3.07 2.89 2.81 2.72 2.67 2.64 2.63
3.0 3.32 3.32 3.32 3.32 3.20 3.05 2.92 2.73 2.66 2.64 2.63
3.5 332 3.32 3.32 3.32 3.32 8.19 2.97 2.76 2.68 2.64 2.63
4.0 3.32 3.32 3.32 332 3.32 3.32 3.07 2.79 2.70 2.64 2.63
4.5 3.32 3.32 3.32 3.32 3.32 3.32 3.32 2.88 2.74 2.64 2.63
. 5.0 3.32 3.32 3.32 3.32 3.32 332 332 3.07 2.79 2.64 2.63
~ 5.5 3.32 3.32 3.32 3.32 3.32 3.32 3.32 332 2.88 2.64 2.63

City of Sherman ® Drainage Design Standards
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B V-Notch Weirs

Discharge over a V-notch weir can be expressed by the equation

Q=C, tan_9 H»”

2
where,
Q = discharge, cfs L 0 = Vertex .-
C= coefficient, see graph below - H = height of water over weir
: 1.80
o 1.55
1.50
- N
= Ciy 45 S L Ja0e
R a5
1.40 = 45°
\ \.-:,_ —a—
N 1-36—'60° 905 —
- ‘ 8 12 18 24
'" H(cm)
Coefficients, V-notch sharp-

crested weirs.

{a) Section through (b} Horizontal () V-notch  (d)Round-
sharp-crested weir crested weir weir crested weir
Lb<]

City of Sherman 8 Drainage Design Standards
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Appendix C

Lateral Flooding Depth
The flooding depth for lateral shall be based on the followin g equation;

ELEV=HGL+V, + L (™—y
2g (1.486)R>

Where: ELEV = Flooding depth for storm sewer lateral (ft)

HGL =Hydraulic grade line elevation for inlet at downstream end of lateral (f)

A% = Velocity in lateral (ft/s)

g = Gravitational constant (32.2 fi/s?)
n = Roughness coefficient

R = Hydraulic radius (ft)

L = Length of lateral (ft)

City of Sherman B Drainage Design Standards
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Appendix C

Froude Number

The Froude Number can be calculated using the following equation

&2 Fr= |V
(gy)1/2

Where:
Fr= Frbude Number
V = Velocity (ft/s)
g = Gravitational constant (32.2 ft/s?)
y = Depth of flow (ft)

The Froude Number is used to define the flow regime. The following table gives regime type
based on Froude Number and range for design purposes.

= Flow Regime Fr Fr for design
- Subcritical Fr<1 Fr<0.86
Critical Fr=1 NA
Supercritical Fr>1 Fr Number as great as possible (to avoid hydraulic jump);

Designing channels within supercritical flow is to be avoided
whenever possible.

City of Sherman ® Drainage Design Standards
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Appendix D: Hydraulic Tables

Manning’s n

% Minimum Slopes for Concrete Pipes
~~ Maximum Permissible Velocities
| in Conduits Flowing Full and Channels -

Entrance Loss Coefficients
= Junction or Structure Loss Coefficients

. Headloss Coefficients due to Sudden Expansions and
L Contractions

e

SRR

City of Sherman M Drainage Design Standards
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;: City of Sherman, Texas

Appendix D

Manning’s n for Channels

Reference Source: 2

Coefficient of
Channel Description Roughness "n"
MINOR NATURAL STREAMS
Fairly regular section
Some grass and weeds; little or no brush . 0.030
| - Dense growth of weeds, depth
of flow materially greater than
weed height - o 0.035 -
Some weeds, light brush on banks 0.035
Some weeds, heavy brush on banks 0.050
Some weeds, dense willows on banks 0.060
For trees within channels with branches
submerged at high stage, increase all values above by 0.010
Irregular section with pools, slight
channe! meander, use Al to AS above,
increase all values by 0.010
Flood Plain - Pasture
Short grass 0.030
Tall grass 0.035
Flood Plain - Cultivated Areas
No crop 0.030
Mature row crops 0.035
Mature field crops 0.040
Flood Plain - Uncleared
Heavy weeds, scattered 0.050
Wooded 0.120

City of Sherman ® Drainage Design Standards
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. Appendix D
Manning’s n for Channels
Coefficient of

Channel Description Roughness "n"
MAJOR NATURAL STREAMS

- Roughness coeflicient 1s usually less for
major streams than for minor streams of

- similar description on account of less
effective resistance offered by irregular -
banks or vegetation on banks. Values of
"n" for larger streams of mostly regular ) , -
Sections, with no boulders or brush may ‘

_ be in the range from 0.028 t0 0.033
UNLINED VEGETATED CHANNELS
Clays (Bermuda Grass) 0.035
Sandy and Silty Soils

(Bermuda Grass) 0.035

UNLINED NON-VEGETATED CHANNELS
Sandy Soils 0.030
Silts 0.030
Sandy Silts 0.030
Clays 0.030
Coarse Gravel 0.030
Shale 0.030
Rock 0.025
LINED CHANNELS
Neat Concrete - 0.015
Riprap (Broken Concrete & Rubble) 0.030

City of Sherman W Drainage Design Standards
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Appendix D

Manning’s n for Conduits

£ Concrete Pipe Storm Sewer 013
Concrete Pipe Culverts 013
Monolithic Concrete Culverts 013
Corrugated Metal .024
. Corrugated Metal Pipe (Smooth .013
Lined)

anvng

City of Sherman ® Drainage Design Standards
D:\Memos - Mark\DrainageMP-KimleyHorn02.doc



© SHERINAN —
Fa :: City of Sherman, Texas

Appendix D
MINIMUM SLOPES FOR CONCRETE PIPES
to produce a velocity of 2.5 fps or greater
_ Pipe Diameter Slope Pipe Diameter Slope

- (inches) (Feet/100 Feet) (inches) (Feet/100 Feet)

. 18 -.180 42 056

21 150 45 052

- 24 120 48 .048

' 27 110 51 045

30 090 54 041

- 33 080 60 036

36 070 66 032

39 062 72 028

City of Sherman M Drainage Design Standards
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Appendix D

MAXIMUM VELOCITIES IN CONDUITS FLOWING FULL AND

CHANNELS
Maximum Flow Velocity (fps)
Culverts 15
Inlet Laterals 10
Storm Sewers 12.5
Earthern Channels 6

Concrete Channels 15

City of Sherman ® Drainage Design Standards
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Appendix D

ENTRANCE LOSS COEFFICIENTS

Entrance head loss HL=K, V,?

2g

- Type of Structure and Design of Entrance Coefficient K.
Concrete Pipe
Projecting from fill, socket end (groove-end) 0.2
Projecting from fill, square cut end - T : 0.5 -
Headwall or headwall and wingwalls
Sacket end of pipe (groove-end) - ) .02
Square-edge 0.5
Rounded (radius = 1/12D) 0.2
Metered to conform to fill slope 0.7
End-section conforming to fill slope 0.5
Beveled edges, 33.7 or 45 bevels 0.2
Side- or slope-tapered inlet 0.2

Pipe or Pipe-Arch Corrugated Metal

Projecting from fill (no headwall) 0.9
Headwall or headwall and wingwalls square-edged 0.5
Metered to conform to fill slope, paved or unpaved slope 0.7
End-section conforming to fili slope 0.5
Beveled edges. 33.7 or 45 bevels 0.2
Side- or slope-tapered inlet 0.2

Box, Reinforced Concrete
Headwall parallel to embankment (no wingwalls)

Square-edged on 3 edges 0.5
Rounded on 3 edges to radius of 1/12 barrel dimension or

beveled on 3 sides 0.2
Wingwalls at 30 to 75 to barrel

Square-edged at crown 04
Crown edge rounded to radius of 1/12 barrel dimension

dimension, or beveled top edge 0.2
Wingwall at 10 to 25 to barrel

Square-edged at crown 0.5
Wingwall parallel (extension of sides)

Square-edged at crown 0.7
Side- or slope-tapered inlet 0.2

City of Sherman ® Drainage Design Standards
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S

- Appendix D
Junction or Structure Loss Coefficients

Description of Condition | K;
Inlet on Main Line 0.50
Inlet on Main Line with Lateral 0.25
Manhole on Main Line with 22-1/2° Lateral 0.75
Manhole on Main Line with 45° Lateral 0.50
"7 -Manhole on Main Line with 60° Lateral . T 0.35
Manhole on Main Line with 90° Latera} 0.25
- 45° Wye Connection or Cut-in . 0.75
Inlet or Manhole at Beginning of Line 1.25

The following head loss coefficients for bends in storm sewers are for pipes with diameters of 48-
inches or less. For storm sewers with diameters greater than 48-inches the momentum equation
should be used to determine head loss.

K,
{ Conduit on Curves Radius of Pipe Bend
» Pipe radius = diameter 0.50 0.43 035 0.20
- Pipe radius = 2 to 8 diameter 0.25 0.21 0.18 0.10
Pipe radius = 8 to 20 diameter 0.40 0.34 0.28 0.16
; G

City of Sherman W Drainage Design Standards
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Appendix D
Head Loss Coefficients Due To Sudden
Enlargements and Contractions
D,/D,* Sudden Contractions
K
1.2 0.08
1.4 0.18
1.6 0.25
- 1.8 0.33
2.0 0.36
2.5 0.40
3.0 0.42
4.0 0.44
5.0 0.45
10.0 0.46
o0 0.47
*D./D; = Ratio of larger to smaller diameter.

The values of the coefficient "K;" for determining the loss of head due to obstructions in pipes are
shown below and the coefficient is used in the following equation to calculate the head loss at the

obstruction:

HL= X;¥2?

2g

AIA,* K;
1.0 0.10
1.0 0.21
1.2 0.50
1.4 1.15
1.6 2.40
- 1.8 4.00
2.0 5.55
2.2 7.05
2.5 9.70

*

Head Loss Coefficients Due To Obstrnetions

AJA*

3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0

K;

15.0
273
42.0
57.0
72.5
88.0
104.0
121.0

A/A,  Ratio of area of pipe to area of opening at obstruction.

City of Sherman m Drainage Design Standards
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Appendix E: Hydraulic Figures

Inlet Capacity for Low Point Inlets
Inlet Capacity for On-Grade Inlets
Ratio of Intercepted to Total Flow Inlets on Grade

Culvert Design Charts

City of Sherman B Drainage Design Standards
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Appendix F: Material Specification
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- ;: City of Sherman, Texas

Appendix F

This appendix provides material specification and standards for storm sewer products that will be
used 1 the City of Sherman. The City Engineer before installation must approve all materials or
products that do not meet these minimum standards.

A. Culverts
1. Reinforced Concrete Box
a. Precast. Precast reinforced concrete box shall conform to ASTM C789 or C850.

- : b. Cast-in-place. Cast-in-place concrete box shall be designed in a Licensed
Professional Engineer in the State of Texas.

2. Concrete Pipe. Pipe used for culverts shall be able to handle HS-20 traffic loading and
conform to the standards for storm sewer conduits.

B. Storm Sewer Conduits
1. Storm Sewer (Reinforced Concrete) pipe shall confirm to the following ASTM
Designations:

a.  Circular Pipe — ASTM Designation C76; Wall “B”.
b.  Arch Pipe ASTM — Designation C506.
c.  Elliptical Pipe ASTM — Designation C507.

e

d.  Other Pipe Material — Such as metal and high-density polyethylene pipe, will not be
allowed unless approved by the City Engineer.

2. Fittings

The design and manufacture of all special fittings shall be governed by the same
requiremnents as the connecting pipe.

3. Joint Materials:

a. Gasket Material — ASTM C443. The polymer shall be synthetic rubber; natural
rubber will not be acceptable.

b. Flexible Joint Sealant — Preformed butyl rubber sealant; Hamilton-Kent “Kent
’ Seal No. 27, Press-Seal, Gasket “E-Z Stik”, or K.T. Snyder “RUB’R-NEK”.

c. Mastic — Trowel grade sewer sealing compound; J.P. Petroleum Products “Tex-
Mastic 726” or Grahn “Anchor-Tite Plastic Mastic”.

City of Sherman B Drainage Design Standards
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: City of Sherman, Texas

Appendix ¥ (continued)

This appendix provides material specification and standards for storm sewer products that will be
used in the City of Sherman. The City Engineer before installation must approve all materials or
products that do not meet these minimum standards.

o C. Manholes
1. Manhole Materials

a. Manhole Covers — All manhole covers shall conform to the Standard
Specifications for Grey Iron Castings, ASTM A-48, Class 30 B.
b. Installation . i -
1) All manhole covers shall be 24-inch in diameter'
2) All manhole covers shall have #wo integrally cast pick bars. : -
3) Manhole covers shall weigh approximately 134 Ibs. 300 x 24 assembly.
c. Manufactures
1) Bass and Hays
2) Vulcan
3) or Equal
/ 2. Manhole Frames
. a. All manhole frames shall conform to the Standard Specifications for Grey Iron
® Castings, ASTM A-48, Class 30 B.
b. Installation

1) All manhole frames shall provide a 24-1/4” opening to assure proper fit of the
manhole cover.

2) Manhole rings shall weigh approximately 170 1bs.
c. Manufacturers
1) Bass and Hays
2) Vulcan
3) or Equal
3. Extension Ring Materials

All precast reinforced concrete extension rings shall conform to ASTM C-478.

= b. The number of extension ring sections shall be kept to a minimum (i.e. use 1-1/2”
extension ring instead of 2-6” extension rings).

c. A 17 x 3-1/2” bitumastic gasket shall be used to seal the extension ring at both
joints.
d. Manufacturers
1) Hydro-Conduit
L 2) or Equal

City of Sherrnan M Drainage Design Standards L
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: SHERMAN
————— City of Sherman, Texas

Appendix G: Standard Details

Storm Water Drainage Improvements Details

Title Detail No. Sheet No. Revision Date
Embedment and Backfill D-1 1,2,3 April, 2000
Subsurface Drain . -D2 1 April, 2000
Inlet General Notes - D-3 i April, 2000
- CurbInlet . D-3 2,3 April, 2000 .
- Curb Inlet Recessed D-3 4,5 Apnl, 2000
' Drop Inlet D-3 6 April, 2000
Storm Drain Manhole D4 1 April, 2000
Manholes 1 -7 D4 2 April, 2000
Reinforced Concrete Collar D-5 1 April, 2000
Curbed Flume & Pilot Channels D-6 1 April, 2000
Concrete Riprap D-7 1 April, 2000
Sloping Headwall D-8 1 April, 2000
Vertical Headwall D-8 2 April, 2000
Culvert W/Safety End Treatments D-9 1 April, 2000
Concrete Headwalls For Pipe Culverts CH-11 1 April, 2000
Concrete Headwalls for Pipe Culverts 12-72” Dia. CH-11-B-15° 1 April, 2000
Concrete Headwalls For Pipe Culverts 12-72” Dia. CH-11-B-30° 1 April, 2000
Parallel Wings-Normal For Single Box Culverts PW-N 1 April, 2000
Parallel Wings-15° For Single Box Culverts PW-15° 1 April, 2000
Parallel Wings 30° Skew For Single Box Culverts PwW-30° 1 April, 2000
Flared Wings - Normal For Single Box Culverts FW-N 1 April, 2000
Flared Wings - 15° Skew For Single Box Culverts FW-15° 1 April, 2000
Flared Wings - 30° Skew For Single Box Culverts Fw-30° 1 April, 2000

City of Sherman M Drainage Design Standards
D:\Memos - Mark\DrainageMP-KimleyHom02.doc



¥ S !
R X
3 N 18"
( N N
N N
\\\/,\\//\\E\\\/-; HAANEAN /\Q
S "
4 > 127 MiIN.
TYPE "C” BACKFILL —3 A
PER ITEM 21.5(c) 4 A
COMPACT TO 95% OF MAXIMUM A
DENSITY PER ASTM DB9B & £
“= 176" MIN. DEPTH

AFTER COMPACTION

FINE CRUSHED ROCK ?
AGGREGATE GRADE 8
PER ITEM 2.1.8

AN FANEN

N

\\'f\\\'/\v\\&%\\«\v

S Ll ] 6" MIN.
S o
6" MIN.
= . 12" MAX.

| UNPAVED AND FUTURE PAVED AREAS

8" FLEX BASE
(lTEM 2.1.3(b)

| S
.

/ 8
#
: AN SO L
: N N T e
AVANANANA AFAANA
£ 7 73
% 127 MIN.
TYPE "C” BACKFILL —3

PER ITEM 2.1.5(c)
: COMPACT TO 95% OF MAXIMUM
: DENSITY PER ASTM D698

- 6" MIN. DEPTH

AFTER COMPACTION

”
s

AN AN

SN ALANANATANANAWANANA

. FINE CRUSHED ROCK — -
! AGGREGATE GRADE B .
fe PER ITEM 2.1.8 T L | 6T MIN
- I e

e« 6" MIN.
i 127 MAX.
| LE
_ | NOTES: _

1. AT THE END OF EACH WORK DAY, ALL SPOILS SHALL BE REMOVED FROM THE TOWN R.O.W. UNLESS PRIOR WRITTETN
. PERMISSION 1S OBTAINED FROM THE TOWN TO STORE SPOILS IN DESIGNATED SPOIL STORAGE AREAS THAT DO NO

OBSTRUCT AUTOMOBILE OR PEDESTRIAN TRAFFIC.

A MAXIMUM OF 300-FT OF OPEN TRENCH WILL BE ALLOWED AT ANY TIME, UNLESS APPROVED BY THE TOWN ENGINEER.
ALL PAVEMENT PATCHES SHALL BE REMOVED ALONG NEAT SAW CUT LINES PER ITEM 8.8.

IN SANDY SOILS THE CRUSHED ROCK EMBEDMENT SHALL BE WRAPPED IN A FILTER FABRIC.

bl o

DRAINAGE SYSTEM CONSTRUCTION DETAILS | DATE: 04/13/00
— ET 1 OF 3
— STANDARD STORM SEWER SHE

— aair YA/ CHFFT- D""




FOLAREA]

o

T 2089

3 AND 2 OF 3

SEE SHEET 1 OF
/ FOR SURFACE TREATMENT

TYPE "C" BACKFILL
PER ITEM 2.1.5(c)

COMPACT TO 95% OF MAXIMUM
DENSITY PER ASTM D698

FINE CRUSHED ROCK
AGGREGATE GRADE B8
PER ITEM 2.1.8B

%/'\\" N x\ SN \\ o

///\ y\///\///\///\///\// N //\// / /// //\

6" MIN.
12" MAX.

MULTIPLE PIPE EMBEDMENT

6" MIN. DEPTH
AFTER COMPACTION

SEE SHEET t OF 3 AND 2 OF 3 STANDARD CRUSHED ROCK IN
[ FOR SURFACE TREATMENT / VOID BETWEEN BOXES
y / .
S e e T T e L e fl“T i 53
X 5 o R
N Box BOX _/ . 4
AN _': S CULVERT - . - . CULVERT = B
\,.-"... _.‘ ~
T Al B ‘/{

6" MIN. MIN.
LIMIT FOR TRENCH STANDARD CRUSHED ROCK
EXCAVATION & BACKFILL AGGREGATE GRADE 4
PER ITEM 2.1.8

MULTIPLE BOX EMBEDMENT

NOTES
AT THE END OF EACH WORK DAY, ALL SPOILS SHALL BE REMOVED FROM THE TOWN R.O.W.

\/ \\ \ / \ / \\/\\/ \\/ \\ ‘ \/ \Q\/\ / ,\\/ \\/

’t\/\\] 1'-0" MIN.

2'-0" MAX.

UNLESS PRIOR WRITTEN

PERMISSION IS OBTAINED FROM THE TOWN TO STORE SPOILS IN DESIGNATED SPOIL STORAGE AREAS THAT DO NOT

OBSTRUCT AUTOMOBILE OR PEDESTRIAN TRAFFIC.

CraaDI My

2. A MAXIMUM OF 300-FT OF OPEN TRENCH WILL BE ALLOWED AT ANY TIME, UNLESS APPROVED BY THE TOWN ENGINEER.
3. ALL PAVEMENT PATCHES SHALL BE REMOVED ALONG NEAT SAW CUT LINES PER ITEM 8.8.
4. N SANDY SOILS THE CRUSHED ROCK EMBEDMENT SHALL BE WRAPPED IN A FILTER FABRIC.
5. NATIVE MATERIALS ARE NQT ACCEPTABLE FOR USE IN A FLOWABLE BACKFILL MIX.
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IN SANDY SOILS THE CRUSHED ROCK EMBEDMENT SHALL BE WRAPPED IN A FILTER FABRIC.
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"MIRAFI 140N" AS MANUFACTURED BY THE
MIRAFI GEOTEXTILE FABRICS COMPANY.

“ NOTES:
1. WHERE THE CONTRACTOR ENCOUNTERS UNDERGROUND WATER, A SUBSURFACE
DRAINAGE SYSTEM SHALL BE INSTALLED, WITH THE DISCHARGE iF SAID SYSTEM BEING CARRIED
TO THE NEAREST STORM DRAIN SYSTEM OR NATURAL WATER SHED SYSTEM.
. THE SUBSURFACE DRAINAGE SYSTEM SHALL BE CONSTRUCTED WITH A MINIMUM SIZE OF SIX (6) INCH
DIAMETER TYPE PS—~46 PVC PIPE, OR APPROVED EQUAL. THE PIPE SHALL MEET ALL CURRENT ASTM
F758 REQUIREMENTS, AND SHALL HAVE GASKEY TYPE JOINTS. THE PERFORATED AND CONDUCTING
PIPES SHALL BE WHITE IN COLOR.
IN SANDY SOILS THE CRUSHED ROCK EMBEDMENT SHALL BE WRAPPED IN FILTER FABRIC.
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GENERAL NOTES:

1.

IN GENERAL, INLET REINFORCING STEEL SHALL BE §4 BARS ON 12" CENTERS BOTH WAYS FOR GUTTER, BOTTOM
SLAB ENDS, FRONT AND BACK WALLS, AND #4 BARS ON 6" CENTERS BOTH WAYS FOR TOP SLAB. AN
ADDITIONAL #6 BAR SHALL BE PLACED IN THE FRONT EDGE OF THE TOP SLAB IN THE INLETS AND

ADDITIONAL REINFORCING STEEL SHALL BE PLACED AROUND MANHOLES AS SHOWN_

2. ALL REINFORCING STEEL SHALL BE GRADE 60.
| 3. ALL CONCRETE SHALL BE CLASS "A". ALL EXPOSED CORNERS SHALL BE CHAMFERED 3/4".
'ALL REINFORCING STEEL SHALL HAVE A MINIMUM COVER OF 2" TO THE CENTERS OF THE BARS.

5. 10'-0" OF EXISTING CURB AND GUTTER UPSTREAM AND 10'-0" OF EXISTING CURB AND GUTTER
DOWNSTREAM SHALL BE REMOVED AND REPQURED INTEGRALLY WITH EACH INLET.

ALL BACK FILLING SHALL BE IN ACCORDANCE WiTH ITEM 6.2.9 TO 95% STANDARD PROCTOR DENSITY.
7. CENTER BEAM IS REQUIRED FOR ALL INLET OPENINGS GREATER THAN 10'-0".

TWO MANHOLE FRAMES AND COVERS ARE REQUIRED WHEN INLET OPENING IS GREATER THAN 10'-0".
9. ALL INLET FLOORS ARE TO HAVE A 2% SLOPE TOWARDS THE OUTLET PIPE.

10. MINIMUM INLET OPENING SIZE IS 8'-0".

11 MAXIMUM INLET OPENING SIZE IS 20'-0".

: 12. OQUTLET PIPE T0 BE PLACED AT LOWEST END OF FLOOR INLET. MANHOLE COVER TO BE PLACED OVER
Lo OUTLET END OF INLET.

13. MANHOLE FRAME AND COVER SHALL BE CAST IRON, VULCAN V-1874 OR APPROVED EQUAL.

g
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#3 BARS BENT AS SHOWN

REINFORCED CONCRETE COLLAR
N.T.S.

NOTE:

L S
&l

N LA

'REINFORCED CONCRETE PIPE PLUG

COLLARS MAY ONLY BE USED TO REDUCE THE DIAMETER ONE PIPE SIZE.
A JUNCTION BOX IS REQUIRED FOR REDUCING MORE THAN ONE PIPE SIZE.

. 1/4" l.D. '1'_6"
eT’ ] R
= =) _ = ”"‘:‘ i - i
I al S R 1 i
— - l :
& Lcj o i N
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 #4 BARS (SEE NOTE)

F——— SEE REINFORCEMENT
‘ FOR CONCRETE PLUG

T = LENGTH OF PIPE GROOVE

N.T.S.
BAR  (BOTH WAYS STEEL HANDLE FOR REINFORCED CONCRETE PIPE PLUG
Fpv— "y o 1775 7] SHALL BE LOCATED 1/4 1.D. ABOVE CENTER POINT
12 / OF PLUG. TWO (2) STEEL HANDLES WILL BE REQUIRED
36"—54" P 12" |1/3 T| ON PLUGS OF 36" DIA. PIPES OR LARGER AND SHALL BE
— PLACED 1/4 1.D. APART AND 1/4 1.D ABOVE CENTER
60 # 4 12" |1/4 T| OF PLUG.
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NOTES:

1. IF FLUME IS 7° OR WIDER, USE PIPE BOLLARDS
7' x 6" DIA,, AND FILL WITH CONCRETE
PLACE AT BOTH START AND END OF FLUME
BURY TO 4’ DEPTH

2. SIDE SLOPES TO BE HYDROMULCHED.
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= NOTE:
: | » CONCRETE FOR STRUCTURES SHALL SF CLASS "A"

CONST. JOINT
PROFILE GRADE

s

? CHANNEL #3 @ 18" 0.C.

BOTH WAYS \

TGJL DEPTH AS SPECIFIED

/2% SLOPE

Werd Wl

N

VARIES

NOTE:

RIPRAP TO BE FORMED ON UNDISTURBED

SOIL CUT TO GRADE. IF TO BE PLACED ON
FILL, ALL FILL SHALL BE.PLACELC ON BENCHES
CUT IN UNDISTURBED SOIL AND FILLED IN

8" LOOSE LIFTS, EACH COMPACTED TO 95%
STANDARD PROCTOR DENSITY. THE FILL SO
COMPACTED SHALL THEN BE CUT TO GRADE.
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LENGTH VARIES

|
3" MIN. .
A A
b Si
= | ; LOpg
ol w P
e b
Q- I —
B 6 MAX
3 MIN. T—— 1]
6"
ELEVATION P
NOTES:
1. 4500 PSI CONCRETE ,
2. #4 GRADE 60-REBAR 9" o.c.ew. ’ ‘
3. ALL EXPOSED CORNERS ARE CHAMFERED 3/13_;" C /N
4. SWIFT UFT ANCHORS, LOCATED IN THE FLOOR, Y
SHALL BE USED FOR HANDLING. . ~
5. GALVANIZED STEEL PIPE RUNNERS ARE S
AVAILABLE FOR CROSS AND PARALLEL N
DRAINAGE APPLICATIONS. e P
W W -7
e —r P
- ) T 4" MAX.
PIPE ID
_ﬁ\ /—A ] 8" MAX. PIPE ID |PIPE OD| SLOPE | D w
__________ ____JF__S:: 4 3:1
15 30" 37" 4:1 38" 6"
6:1
FRONT ELEVATION 3
36" 44" 41 |45-1/2" 6"
PIPE 1D |PIPE OD| SLOPE D W 6:1
3:1 3:1
18" 23" 4:1 24" 5" 42" 51" 41 |52-3/4"| 8"
6:1 6:1
. 1 "
3 ) 48" 58" 3 60" 8
24" 30" 4:1 3" 5 4:1
6:1 54" 65" 31 67" 8"
] DRAINAGE SYSTEM CONSTRUCTION DETAILS | DATE: 04/13/00
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Appendix C
Minor Head Loss Equations

Entrance Losses

HL=K. (V,))?
2g
where, -
HL = Head loss (feet)
V, = Velocity in the downstream pipe (feet per secdnd)
K. = Head loss coefficient

g = Gravitational constant (32.2 ft/s?)

Expansion Losses

HL=(-()** "I
(®,) 2 2g

where: HL. = Head loss (feet)
V, = Upstream velocity (feet per second)
D, = Upstream pipe diameter
D, = Downstream pipe diameter (feet)

g = Gravitational constant (32.2 ft/s’)
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Appendix C

Bend Losses

Head losses associated with bends in pipes of equal diameter shall be calculated using;:

HLZKb! !2!2
2g

Where: HL = Head loss (feet)
- V, = Velocity in the downstream pipe (feet per second)
K, = Head loss coefficient

g = Gravitational constant (32.2 ft/s”)

Junction Losses

HL = (V.5 (V)
2g 2g

Where: HL = Head loss (feet)
V, = Velocity in the upstream pipe (feet per second)
V, = Velocity in the downstream pipe (feet per second)
K; = Head loss coefficient

g = Gravitational constant (32.2 ft/s?)






