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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. If the owner or developer wishes to
optimize or further evaluate flows, the methodology in the following sections must be
used.
1 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 plat is 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 tool 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 hydraulic data for current conditions

• Volume II - Map Set (1 lxl 7 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 les� 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 

Where 

Q = maximum rate of discharge ( cfs ). 

(1) 

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

I = rainfall intensity in inches/hour for the time period it takes flow from the 
farthest point of the drainage area to reach tqe 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 

2 to 10-year storm event 

25-year storm event

50-year storm event

l 00-year storm event

2. Runoff Coefficient "C"

Factor 

1.0 
. 

1.1 

1.2 

1.25 

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.

3. Time of Concentration

Time of concentration is the longest time, without interruption of flow by detention
devices, which a drop of water takes to �ow from the farthest point of the drainage area to
the point of concentration (i.e. the point of design).
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a. The SCS methodology is recommended to determine the time of  concentration
(Tc), which is based on three t<;pes 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 sheet flow= 60 
V 

(2)

where,
�

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

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 to 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:

D
¼ shallow concentrated flow= 60

V 

where,

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

(3)

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 (�ince 
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) 

(4) 

Vis determined using a combination of the continuity equation and 
Manning's equation: 

V = 1.486 (R)213 (S)112 

n 

where, 

n = manning's n 
R =NP= hydraulic radius (feet) 
A= area (square feet) 
P = wetted perimeter (feet)
S = slope (ft/ft) 

(5) 

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,he<tfi0"' + Tc,,a11ow=nc=rror<dfo,,• + Tc"""'•"flow 

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

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

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



4. Rainfall Intensity
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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 Tc,h .

I 

F. igures.

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 is 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 Hydro logic 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.

2. 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.

3. 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. 

4. Time of Concentration

a. Methodology

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

Tc,ola/ == Tc.shea/fow + TcsnaJJowroncenlratWflow + TcopcicbamldjlcJw 

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. 

I 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). 



b. HEC-1
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The Clark Unit Hydrogi-aph Method (UC card, t ime of concentration in hours) shall be 
used in the HEC-1 hydi:ology modeL 

5. Routing

a. Methodology

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

b. HEC-1

The RS, RC, RX, and RY records shall be used for routing in the HEC41 hydrology 
model. 

• -
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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 arid 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

A. General Requirements

1. Runoff calculations are required for development of property one acre {l 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
offsite 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 ofBlueRidge ETJ limits
that will affect ultimate flows in the watershed. The developer/land mvner should contact
the City Engineer to determine where new da..ms 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.

5. 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 is not adequate capacity in the downstream system to safely convey water (i.e. 
without adversely impacting property downstream), detention shall be utilized. 

Property shaII·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 facil1ties 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 if.I-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. 

B. 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;

i) 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.

ii) For vegetated channel sections with overbank velocities ranging from 6 to 8
fps, 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 l 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;

i) 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.

•• ii) 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 l foot 
of degradation. 
iii) The developer/owner shall construct all improvements required on their
property for the ultimate chan1:el design.
iv) 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 easem�nt 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;

i) Determine the channel improvement configuration necessary to reduce all
v�locities to 6.0 fps or below for vegetated channels:

ii) Shall provide a dedicated easement to the portion of this future 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. Anny 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. 

b. Hydraulic Criteria

1) Freeboard. Two feet of freeboard is required on all major channels, and one
foot of freeboard on collector channels. In bends 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 a_nd 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 radii 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;

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

ii) 1.5 feet horizontal to 1-foot vertical for side slopes protected by rock or ga'bions

6) Channel Slopes and Velocities.

i) 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.

ii) 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.
iii) 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.

2. 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 high 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 l 00-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 O degrees as
possible.

c. Model. Bridges shall be designed 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.

= 

2. Erosion Protection

Stream stability shall be assessed when designing the abutments 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 

50yr 

25 yr 

Thoroughfare 

Collector 

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 strncture are minimized.

d. Erosion. Culverts can be designed in supercritical flow for hydraulic efficiency. 
However, the outlet of the culvert needs to be evaluated for erosion concerns, and the 
hydraulic jump must be 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 �nds 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. 

G. Buildings

The finished floor (FF) elevation of commercial buildings shall be l foot above the I 00-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.

H. Detention Facilities

1. 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. fu lieu of detention, the affected drainage system may be upgraded to
provide the required capacity.
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b. Detention facilities may be used for aesthetics and to control flooding, soil erosion, 
sedimentation and pollution control.

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

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

e. 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.

2. Design Criteria

a. Design Storm Frequency

When required, detention facilities shall be designed for the I 00-year event

b. 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.

c. Minimum Storage Volumes

A detention facility must be able to store the I 00-year, 2 hour rainfall event for the site without
exceeding the pre-developed discharge rate off the site.

d. 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 of0.40% towards the outlet structure is required for all detention facilities.

e. Freeboard

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

f. Sediment Control Facilities

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

I) The sediment control facility shall be designed with minimal velocities �uch 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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J) Sediment control facilities cannot be used to meet detention requirements unless the
� 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.

0 

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 showin_g 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 his

development.

I. Storm Sewer Systems and Appurtenances

1. Storm Sewer Design

a. Storm Frequency

The design storm event for storm sewers shall be a minimum of 25-year, plus 100-year

positive overflow at inlets in street low points.
-b. ·Velocities and Grades in Storm Sewers

1) Minimum Velocity

The minimum velocity in a storm sewer conduit shall be 2.5 feet per second. 

2) Recommended Slopes

The minimum slopes for various pipe sizes that will maintain the mm1mum 
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) Outfall

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 p ermis:::ible 
velocity of the receiving channel unless controlled 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 a progressive calculation of the hydraulic gradient

along the storm drain system. In this way, it is possible to determine the water surfa�e
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 HGL
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is often controlled by the conditions of the sewer outfall. Therefore, the elevation 
of the tail water 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 mcreases 
expansion head loss shall be calculated. 

iil)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).f unction 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. 

2. 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 hea� of the
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lateral to the computed hydraulic grade line. See Appendix C- Hydraulic Equations for 
flooding depth equation for laterals. 

3. 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
wilJ be allowed to cross intersections 0f residential ·sfreets. However, only one
street shall be crossed with surface drainage at any one intersection ai--id this street
shall be the lower classified street. Surface-drainage must be intercepted prior to g 

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) An inlet shall be placed in the lowest comer 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 �ases of conflict.

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

3) A curb 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 geometry limits
capacity and shall be appoved by the City Engineer.

6) Storm drains from streets that pass behveen houses to an outfall shall be -
designed to carry the l 00-year flow.

4. Outfall

a. Flowline Elevations

The flow lines of storm sewer conduits that diss:harge 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 channeflining

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.

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

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

d_ 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
concerns.

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 concerns shall be incorporated
into the design.

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

5. Manholes

a. Location

I) 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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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).

Step 2d.        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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Step 3. submittals 

There are three possible submittal requirements, depending on the "]eve)" of drainage on the site: 

• Drainage Study

• Specifications

• Construction Plans

Drainage Study 

A drainage study is a text bound report that must be submitted if the information regarding drainage 
for t.Jle site cannot be displayed in it's ..entirety on the construction plans. In _rnost 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. 

City of Shennan ■ Drainage Design Standards 
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Appendix C 

Minor Head Loss Equations 

where, 

HL = Ke (Y11.=_ 
2g 

HL = Head loss (feet) 

Entrance Losses 

V 1 = Velocitiin the downstream pipe (feet per second) 

Ke = Head loss coefficient 

g = Gravitational constant (32.2 ft/s2) 

HL = (1- �1} 2) 2 V 1 2 

(D

2) 2 2g 

where: HL = Head loss (feet) 

Expansion Losses 

V 1 = Upstream velocity (feet per second) 

D1 = Upstream pipe diameter 

D2 = Downstream pipe diameter (feet) 

g = Gravitational constant (32.2 ft/s2) 

City of Blue Ridge, Texas 
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Appendix C 

Bend Losses 

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

HL=\� 

2g 

Where: HL = Head loss (feet) 

V2 = Velocity in the downstream pipe (feet per second) 

Kb = Head loss coefficient 

g = Gravitational constant (32.2 ft/s2) 

HL = fYi.r- K_ fY1.r - J -

2g 2g 

Where: HL = Head loss (feet) 

Junction Losses 

V 1 = Velocity in the upstream pipe (feet per second) 

V2 = Velocity in the downstream pipe (feet per second) 

Kj = Head loss coefficient 

g = Gravitational constant (32.2 ft/s2) 




