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GENERAL REQUIREMENTS 

 
Authority 
Pursuant to Section 20-79 of the City of Belton Code of Ordinances, construction of infrastructure is 
regulated by this Design Manual.  This Design Manual is intended to standardize design parameters 
and construction details in the City of Belton, Texas and the extraterritorial jurisdiction (ETJ) areas of 
the City.  Modifications or departures from these standards shall be identified and supported using 
sound technical data.  All departures and/or modifications to this document must receive final 
acceptance by the City Engineer.   
 
Pursuant to Section 20-80 of the City of Belton Code of Ordinances, the Department of Public Works 
can apply additional requirements.  All work shall be performed under the supervision of the City 
Engineer and Department of Public Works in such a manner and such times as the City Engineer and 
Department of Public Works shall prescribe and approve. 
 
General 
All topographic, horizontal and vertical data used in the design process shall be based on the City of 
Belton current Williams-Stackhouse, Inc., maps including elevation and coordinate data. 
 
Changes in State and/or Federal regulations or standards may require modifications to the information 
contained herein.  The user should always be aware of current regulations prior to using this document 
for design and construction purposes and is responsible for compliance with the most current State and 
Federal regulations.  The most stringent rule or requirement will govern. 
 
Revisions to this manual may be adopted periodically. The latest version will be available on the City’s 
website at www.BeltonTexas.gov. 
 
The warranty for all completed infrastructure shall be two (2) years from the date of final acceptance 
by the City of Belton, Texas. 
 
Construction activities shall be coordinated with City’s On-site Representative 48 hours prior to 
commencing.  A pre-construction meeting may be required by the City Engineer before beginning 
construction. 
 
Use, Modification and Approved Equals 
The use of these standards shall be under the supervision and seal of a licensed professional engineer 
in the State of Texas.  Any modification to these standard specifications and drawings shall be clearly 
noted on engineering plans and documents prepared under the supervision and seal of a  Texas licensed 
professional engineer.  Any deviation from the standard details must be submitted and accepted in 
writing by the City Engineer.  Any substitutions for use as an approved equivalent must be submitted 
in writing and approved during the Final Plat stage by the City Engineer. 
 
Minimum Standards 
The standards, adopted values, parameters and/or other accepted design data published in this Manual 
are minimum requirements.  Existing conditions and project specifics may require a greater standard of 
care and the actual design and construction materials may need to be enhanced to assure that proposed 
infrastructure provides acceptable longevity, relative maintenance free status and general public safety 
and welfare expected of the engineering profession by Texas statutes and the citizens of Belton, Texas. 
 

http://www.beltontexas.gov/
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SECTION 1 - TRANSPORTATION 
 

 
1.01 Streets and Roadways 
 

The purpose of this section is to define the general requirements of street rights-of-way, 
pavement widths, pavement thickness, geometric alignments and construction details.  As 
conditions are encountered beyond the scope of this section, coordination with the City of 
Belton Public Works Department, and approval of the City Engineer is required to establish 
new requirements and procedures. 

 
A. Master Plan and Thoroughfare Plan 

 
All street design must be coordinated with the City of Belton Comprehensive Master Plan 
and Thoroughfare Plan. 
 
The Master Plan and Thoroughfare Plan were developed for orderly growth and major 
deviations from these plans will not be permitted. Requests for minor deviations from 
these plans shall be addressed through the platting process.  

 
B. Rights-of-Way (ROW) 

  
Refer to the City of Belton Subdivision Ordinance, Thoroughfare Plan and Rights-of-Way 
Management Ordinance.  Typical Sections are provided with this section to depict those 
widths.  Wider rights-of-way may be required if topography challenges, construction of 
boulevards or state participation projects are anticipated.  Variations of ROW widths, 
including widening shall be approved by the City Engineer.  Also, ROW may be increased 
or lessened subject to the placement and size of utilities to serve adjacent and connecting 
properties.  Final street section design is subject to City Engineer approval.  

 
C. Geometrics 

 
1. Provision must be made for the extension of arterials, collector streets, and minor 

streets to provide for circulation of traffic through a subdivision or development; and 
provisions for local residential streets extensions must be provided to accommodate 
development. 
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EXHIBIT 1.1 

STREET DESIGN STANDARDS 
 

 Major Arterial Minor Arterial Collector Local/ 
Residential 

Right-of-way 
Refer to Typical Section, Thoroughfare 

Plan, and Subdivision Ordinance 
 

60 - 80 feet 50 feet 

Pavement  
(Curb back to Curb back) 

Refer to Typical Section, Thoroughfare 
Plan, and Subdivision Ordinance  37 - 57 feet 31 or 37 feet 

Grade-Maximum 5% 5% 7% 10% 

Grade-Minimum 0.75% 0.75% 0.75% 0.50% 

Sight Distance-Minimum 
Design Speed (AASHTO 

Standard) 
80 mph 60 mph  50 mph 40 mph 

Horizontal Curvature 
(Minimum Radius) 1800 feet 1000 feet 450 feet 200 feet 

*Radius for Curb 
Return at Intersections 50 feet  50 feet 40 feet 20 feet 

*Radii are a function of the width of the approach 
street width and the receptacle street width    

 
2. Vertical Curves 

Center line grade changes with an algebraic difference of 2 percent or more shall be 
connected with vertical curves with a minimum of 200 feet in length.  AASHTO 
design guidelines shall be used to determine the proper vertical curve length based on 
design speed. 
 
Whenever a cross slope is necessary or desirable from one curb to the opposite curb, 
such cross slope shall not exceed twelve (12) inches in thirty-one (31) feet.  The more 
common cross slope for streets is 2%.  Pedestrian crosswalks of streets may dictate 
slopes equal to or less than 2%. 
 

3. Street Intersections 
The most desirable street intersection is 90 degrees.  However existing street patterns 
may necessitate less than perfect conditions.  No major street shall intersect any other 
major street at an angle of less than 60 degrees.  No minor street shall intersect a 
major street at less than 45 degrees.  No local residential street shall intersect any 
other street at less than 60 degrees. 
 
Curb radii at intersections shall be a minimum of 20 feet for all streets.  See Exhibit 
1.1 - Street Design Standards Table for radii for the various street classifications.  All 
radii are measured to the back curb. 
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Where sidewalks are adjacent to the street intersection, pedestrian ramps shall be 
constructed to City, State, and Federal Standards (see standard details). 
  

4. Culs-de-Sac and Dead-end Streets 
a) The maximum length of a cul-de-sac or dead-end street with a permanent 

turnaround shall be per the City’s subdivision ordinance.  
 
b) Turnarounds shall have a minimum ROW width of one hundred (100) feet an a 

minimum forty (40) foot outside radius for single-family and two-family uses, 
and a minimum right-of-way width of one hundred twenty (120) feet and a 
minimum fifty (50) foot outside radius for all other uses. 

 
c) Temporary dead-end streets may be approved by the Planning and Zoning 

Commission if an adequate all-weather turnaround is provided. “Adequate, all-
weather turnaround” is defined as a turnaround that is sufficient size to 
accommodate fire safety, emergency, medical and sanitation vehicles and is of a 
construction quality comparable to standard road cross-sections. 

  
5. All streets shall be constructed with 24-inch standard concrete curb and gutter as 

detailed in this section; exception will be the rural section shown herein. 
 

D. Pavement Specifications 
 

1. Materials 
a) Pavement sections may be a combination of lime stabilization, crushed limestone 

base and hot mix asphaltic concrete known as flexible pavement.  Pavements also 
may be constructed of reinforced or jointed concrete paving which is known as 
rigid pavement.  No seal coating of new construction will be allowed as a wearing 
surface. 

 
b) All crushed limestone base material used shall be Texas Department of 

Transportation Item 247, Type A Grade 2 or better.  The material should be 
compacted in maximum six-inch lifts to a minimum of 95% of ASTM D 1557 
Method D density within 2% of the optimum moisture content.  Material sample 
shall be taken from windrow on-site after processing. 

 
c) The last course of crushed limestone base material (CLBM) for roadway 

construction shall receive a single chip seal (seal coat) using prime oil of ACIS-P, 
CRS-2, CRS-2P or AC 10 at a rate of 0.25 to 0.35 gallons per square yard and 
aggregate shall be Grade 4 topping rock applied at a rate of 1 cubic yard per 125 
square yards.  This chip seal shall be installed immediately after the CLBM has 
passed in-place density and moisture testing in the field.  The use of asphalts, oils, 
and emulsions shall be per the engineer’s recommendations and approved by the 
City Engineer.  Prime oil (Type 310 shall be applied at 2% less than the optimum 
moisture content.  Oil shall cure a minimum of 48 hours before asphalt can be 
laid, or as otherwise approved by the City Engineer.  If asphalt emulsion prime is 
recommended, the mixture shall be 50/50 water to prime ratio by weight. 

 
d) Hot mix asphaltic concrete surface course material shall be Texas Department of 
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Transportation Item 340. Type C shall be used on collectors and arterials while 
Type D shall be used on local/residential streets. 

 
2. Design 

a) All pavements shall be designed by a geotechnical engineer or pavement design 
engineer based on representative soils data taken in the field and that satisfy 
requirements of this section.  Design life for the pavement shall be a minimum of 
thirty (30) years.  The assumptions, formulas and calculations for the pavement 
design shall be submitted with the geotechnical report and not just the results of 
those procedures. 

 
b) Groundwater shall be assessed during the geotechnical investigation stage.  French 

drains or under drains shall be considered and designed for all street pavement 
structures where the groundwater, existing pervious soils, or other conditions 
prove to be a long term issue for the integrity of the pavement structure.  Also, 
existing subgrade that has very high plasticity indices (40 or higher) will be 
considered for removal and replacement as part of the overall final pavement 
design. 

 
c) All pavement designs shall follow those procedures used by the Texas Department 

of Transportation (TxDOT) or The American Association of State Highway and 
Transportation Officials (AASHTO) for flexible and rigid pavements.  All sub-
grade and pavement materials shall be assigned a TxDOT Triaxial Classification 
for design purposes. 

 
d) Pavement structure behind the curb and gutter shall extend a minimum of twenty-

four (24) inches in length at a minimum depth of four (4) inches under curb unless 
more is recommended by the pavement design engineer. 

 
Street Type  18 – Kip Axle Repetitions * 

   
Major Arterial   1,000,000 to Unlimited 
Minor Arterial   1,000,000 

Collector  750,000 
Local/Residential  250,000 

Cul-de-sac  100,000 
 

* Based on traffic counts and projections 
 
e) Natural subgrade – loose or disturbed material beneath pavements to be 

constructed should be compacted to 95% of ASTM D 698, Method D density in 
maximum six-inch lifts at optimum moisture. 

 
f) Concrete used for concrete pavements shall have a 28-day compressive strength of 

3,600 PSI and a 14-day flexural strength of 500 PSI. 
 

g) Curb and gutter shall cure a minimum of seven (7) days prior to installation of 
base course. 

 
E. Construction Drawings 
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All construction drawings shall show the plan view, the profile view, and cross sections of 
proposed streets at fifty-foot intervals.  All plan, profile, and cross section plans shall be 
labeled with mean sea level elevations, 100-year water surface elevations, percent slopes, 
top of curb elevations (top of pavement elevations), and all effective dimensioning as 
approved by the City Engineer.  All radii returns and cul-de-sac improvements shall be 
shown with designed elevations at the Point of Curvature, Point of Tangency and regular 
locations along the edge of pavement or curb lines as approved by the City Engineer.  Stop 
bars and markings are required and shall be shown on the plans.   

 
F. Signage 

 
1. Street signs shall be required at all intersections.  Signs shall conform to current City 

sign standards and the standards set forth in the current Texas Manual on Uniform 
Traffic Control Devices for Streets and Highways. 

 
a) Sign colors shall be approved by the City Engineer. 
b) Street signs shall have 9-inch blades with 6-inch letters on street names. In 

addition to the street name, the street type (Street – ST, Drive – DR, Boulevard – 
BLVD, Circle – CIR, etc.) and block number shall be identified. 

c) Street sign posts shall be 14-gauge steel, 2-inch round break-away posts with a 
minimum 30-inch long anchor, unless otherwise approved by the City Engineer.   

d) An additional ‘No Outlet’ blade is required at intersections with a cul-de-sac or 
streets with no outlet. 

e) The City will purchase and install all signage per the Fee Ordinance.  
 

1.02 Sidewalks 
 
A. Sidewalks are required in conformance with the Subdivision Ordinance. Sidewalk ramps 

for handicap access shall be required at each intersection of a sidewalk and a street and 
comply with current Texas Department of Licensing and Regulation (TDLR) and 
Americans with Disabilities Act (ADA) Requirements. 

 
B. Construction plans which include pedestrian facilities shall be submitted to the TDLR and 

receive TDLR approval/certification prior to construction, if applicable.   
 
C. Sidewalks shall conform to the following standards: 

 
1. Be parallel to the right of way line, located in the dedicated right-of-way or permanent 

access easement; 
2. Have a continuing, common, non-slip surface that is not interrupted by steps or abrupt 

changes in level. 
3. Have a gradual adjustment in level when approaching an intersecting street or parking 

area with a common level at the point of such intersection; 
4. Have sidewalk ramps are required at all street intersections including on the “through” 

street at “T” intersections; and 
5. Be doweled into existing curbing, as applicable; 
6. Meet current TDLR and ADA Requirements. 

 
D. The area between the curb and the sidewalk shall be excavated or filled to provide a 
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uniform grade comparable to the adjacent street grade and shall be located so that the 
ground level at the right-of-way line is no more than two (2) feet, nor less than three (3) 
inches, above or below the adjacent curb grade. 

 
E. Pedestrian and bicycle facilities shall be constructed in conformance with current City 

Design Standards.  Pedestrian facilities shall have barriers to prevent motor vehicle access, 
and have bicycle facilities shall have pavement markings in conformance with the current 
edition of the Texas Manual on Uniform Traffic Control Devices for Streets and 
Highways. 

 
F. Pedestrian handrails conforming to TxDOT standards are required wherever the grade 

adjacent to a sidewalk or pedestrian and bicycle facility exceeds 4H:1V with a vertical 
drop greater than one (1) foot. 

 
G. Variances in texture, grade or alignment must be approved by the Texas Department of 

Licensing and Regulation (TDLR) prior to consideration of the variance by the City 
Engineer. 

 
H. A solar flashing light shall be installed on each side of the roadway where a proposed hike 

and bike trail crosses either a collector, arterial, or industrial. 
 

1.04 Materials Requirements for Transportation Improvements 
 

A. Domestic Products 
 All iron, steel and manufactured components/materials used in any infrastructure project 

within the City of Belton or the City of Belton ETJ shall be manufactured in the United 
States of America.  Proof of the manufacturer location shall be provided to the City 
Engineer prior to installation of components/materials.  The City Engineer may waive this 
requirement when said City Engineer deems the waiver is in the best interest of the City of 
Belton. 

 
B. Concrete and Reinforcement Items 

All concrete shall have a minimum 28-day compressive strength of 3,000 psi unless 
otherwise noted on the plans, specifications or other written document.  Water shall not be 
added to the concrete after inspection and testing.  Placed concrete shall be vibrated when 
necessary depending on slump, space available for concrete placement and depth of 
placement.  The slump of concrete shall be placed at slumps per the Texas Department of 
Transportation Specifications for the Construction of Highways, Streets and Bridges under 
Item 420 with respect to the type of concrete structure being constructed. 
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Steel reinforcement shall be billeted conforming to ASTM specifications A615 Grade 60 
or the latest revision to the ASTM A615 specification.  Steel cover from the outside edge 
of steel to inside face of concrete.  Reinforcement shall be adequately supported, spaced 
and secured before placing the concrete.  The reinforcement support system (metal support 
chairs) shall be as manufactured by Dayton Superior, CHCP or CHCV, or equivalent and 
as noted in the details of the Transportation Section.  Reinforcing steel shall be placed in 
accordance with ACI Standards with overlaps of 40 bar diameters.  Rebar chairs shall be 
placed on 48-inch maximum spacing each way.  
 

1.05 Traffic Control Plans 
 

Traffic Control Plans are required for all collectors or arterials that are affected and may be 
required for local streets as requested by the City Engineer. Traffic Control Plans shall conform 
to the following requirements: 
 

1. Plans must conform to current Texas Manual on Uniform Traffic Control Devices 
(TMUTCD); 

2. Plans must clearly depict each construction stage or phase; 
3. Plans must be designed and signed and sealed by a licensed professional engineer in 

the State of Texas; 
4. Plans must be submitted to the City of Belton and to TxDOT (when appropriate) with 

construction submittals; and 
5. Nighttime road closures require 7-foot tall signage and arrow boards. 
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SECTION 2 – DRAINAGE AND STORMWATER 
 
 
2.01 General 
 

This section presents guidelines and methods for determining stormwater runoff for watersheds 
within the City of Belton and its ETJ as well as outlining the stormwater control measures.  It 
describes the method used for determining storm runoff from watersheds of less than 200 acres.  
It then briefly describes hydrologic models which can be used on watersheds greater than 200 
acres.  The recommended models for the major watersheds in Belton are provided. 
 
There are several methods for determining the appropriate storm runoff from a watershed.  The 
Rational Method may be used as the primary tool for the determination of peak stormwater 
runoff rates from areas 200 acres or less and is especially useful for the design of storm sewer 
systems.  In instances where detention is modeled, a hydrograph producing method is required, 
such as the Soil Conservation Service Tabular Method, TR-20, HEC-1 or HEC-RAS.  The most 
extensively used methodology for computing runoff hydrographs is based on the Soil 
Conservation Services (SCS) Unit Hydrograph procedures.  These procedures are used to 
quantify the effects of urbanization, to determine peaks flows for large drainage areas, and to 
design stormwater storage facilities.  The SCS Unit Hydrograph Method is used and accepted 
nationwide. 
 
The presentation of these methods is not intended to preclude the use of other methods.  
However, the designer shall obtain written approval from the City Engineer before utilizing 
different methods. 

 
2.02 Master Plan 
 

All drainage design must be coordinated with the City of Belton Comprehensive Master Plan, 
the City of Belton Strategic Drainage Plan, the most recent Storm Water Management Program 
(as approved by the Texas Commission on Environmental Quality), and the  2008 Floodway 
and Flood Boundary Map prepared by the Federal Emergency Management Agency.  These 
planning documents and stormwater guidelines were developed to provide for orderly growth 
and stormwater protection in Belton; major deviations from these plans will not be allowed. 
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2.03 Design Storm Frequencies 
  

Storm drainage planning requires the establishment of standards to accomplish design 
objectives.  Storm frequency is a basic criterion necessary in storm drainage design and refers 
to the magnitude of a storm.  Therefore, the selected design frequency establishes the degree of 
protection desired.  Initial storms, as referred to in this manual, designate a storm frequency 
with a 10-year reoccurrence cycle.  Runoff from an initial storm shall be intercepted and 
conveyed by inlets and an enclosed pipe system.  A major storm refers to a rainfall having a 1% 
probability of reoccurrence every year.  Major storms may be partially controlled and conveyed 
in open drainage systems.  Design storm frequencies are as follows: 

 
 

EXHIBIT 2.1 
DESIGN STORM FREQUENCIES 

 
Area or Facility  Frequency 
   
Enclosed Pipe System (3) 5 & 10 years 
Channels and Creeks (1) (3) 25 years 
Culverts and Small Bridges (1) (3) 25 & 100 years 
Large Bridges (1) (2) (3) 50 & 100 years 
Floodways Between Building Lines (1) (3) 100 years 

 
1. Channels, creeks, culverts, bridges, and floodways shall have one (1) foot of 

freeboard. 
2. Large bridges are those with a total span greater than 50 feet. 
3. All stormwater conveyance systems require consideration of 100-year frequencies and 

positive overflow provisions. 
 

2.04 Water Spread Limit 
 

Streets function primarily to serve traffic and for that reason must be expected to maintain 
usability during periods of rainfall.  Water spread limits are an effective way of defining the 
protection required to achieve that usability.  The following water spread limits are established: 
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EXHIBIT 2.2 

WATER SPREAD LIMITS 
  
Street Classification Permissible Water Spread 

Major Arterial 25-year storm – 1 traffic lane may be closed each direction 
Minor Arterial 25-year storm – 1 traffic lane must remain open each direction 
Collector 10-year storm – 1 traffic lane must remain open each direction 
Residential Streets 5-year storm – water flow must not exceed top of curb 
 
*One (1) traffic lane = 12 feet 
 

 
The permissible water spreads are based upon the stated storm frequencies, but consideration 
must be given to street conveyance of the major storm (100 year) and possible flooding.  All 
streets shall be capable of conveying a major storm without water encroaching into adjacent 
buildings.  Therefore, the maximum spread limits in streets for a major storm shall be the 
building lines.  This requirement of utilizing the streets to convey the major storm runoff may 
require increasing the capacity of the enclosed drainage system. 
 

2.05 Drainage System Requirements 
 
The complete drainage system is composed of: (1) the initial system, consisting of inlets, storm 
drains, and the associated appurtenances to convey the initial storm runoff (10 year), and; (2) 
the major system for the major runoff (100 year), which consists of swales, creeks, channels, 
floodways and emergency overflows to prevent water encroachment into residential and 
commercial facilities. 
 
Inlets and storm drains shall be designed in accordance with applicable portions of this section.  
A closed pipe system shall convey quantities up to and including the flow of a 48-inch pipe.  
For quantities larger than that carried by a 48-inch pipe, concrete-lined channel(s) or a multi-
pipe system(s) shall be utilized.  All pipe systems maintained as a public facility shall be 
constructed with reinforced concrete pipe (RCP), and pipe shall conform to ASTM C76, Class 
III.  However, HDPE pipe will be considered up to 48 inches in diameter in unpaved areas, as 
approved by the City Engineer.  
 
All channels shall be concrete lined, unless approved by the City Engineer.  The reinforced 
concrete lining shall extend up to at least the water surface elevation of the 10-year frequency 
channel flow, and additional channel height shall be provided as required to convey the 25-year 
channel flow with one (1) foot of freeboard.  For all open channels, the 100-year flow shall be 
contained within the building lines; channels shall be expanded as necessary to meet this 
requirement.  Reinforced concrete lined channels shall have a maximum side slope of 2:1 
(horizontal to vertical) and unlined channels shall be no steeper than 3:1 for stability and 
maintenance.  All channels shall have a one (1) inch per foot transverse bottom slope to the 
centerline. 
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If use is approved, unlined channels will be considered for quantities larger than the equivalent 
flow of a 72-inch pipe.  These channels shall provide one (1) foot of freeboard minimum for a 
25-year flow.  Additional freeboard shall be considered where wave action is anticipated. Pilot 
channel of one-foot wide is required for all unlined channels for erosion control and 
maintenance purposes. For all open channels, the 100-year flow shall be contained within the 
building lines; channels shall be expanded as necessary to meet this requirement.   
 
All culverts crossing under streets shall extend from property line to property line, plus 
sufficient length on each end to permit a 3:1 slope to extend from the street property line to a 
point 6-inches beneath the top of the headwall.  All culverts shall be 24-inch minimum 
diameter, have adequate reinforced concrete headwalls, wingwalls for a 3:1 fill slope, and 
concrete aprons at each end.  For culverts greater than 30”, grates are required. 
 
Additional storm drain criteria follows: 
 

1. Minimum velocity with the pipe flowing full shall be 3 feet per second. 

2. Within a storm sewer system, the minimum storm drain pipe diameter shall be 15-

inches.   

3. Pipe diameters shall not decrease downstream. 

4. Pipe soffits at size changes should be set at the same elevation. 

5. Vertical and horizontal curves in culverts are not permitted.  Junction boxes are 

required at all culvert bends. 

6. Inverted crown sections will be permitted only in alleys. 

7. Street crowns shall be reduced for approximately 100 feet on each side of valleys and 

only one valley crossing for each street shall be used at an intersection. 

8. Utilization of detention ponds are encouraged once proper location and design are 

achieved and approved by the City of Belton  

9. At streets with culverts or bridges, an emergency overflow shall be provided to 

contain the 100-year channel flow within the building lines. 

10. All conveyance system outfalls shall meet the requirements of the Texas Water Code 

and City of Belton Subdivision Ordinance. 
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2.06 Development Responsibilities 
 

Drainage design is an integral part of any new development.  Proper planning and coordination 
of the drainage scheme, along with the development plans, is required to achieve a proper and 
adequate storm drainage system.  Lack of drainage consideration during the initial planning 
phase will lead to numerous complaints due to flooding and to added cost due to extension of 
the drainage system into areas not properly considered.   Existing sites, new development and 
redevelopment areas shall require appropriate detention and/or mitigation measures to be 
designed and constructed as determined by the following guidelines and shall meet the 
requirements of the Texas Water Code: 
 

1. Any proposed project that would cause damage to downstream properties or 
improvements or that would cause unsafe conditions for the general public due to an 
increase in stormwater runoff as determined by the City Engineer; 

 
2. Any receiving stream, drainage system or roadway system that is deemed inadequate 

to accommodate the increase in runoff or the redirection of runoff from a proposed 
project. 

 
3. Any existing facilities that would be damaged or would otherwise cause the unsafe 

conveyance of stormwater by a proposed project. 
 

2.07 Design Parameters 
 

Hydrology 
 

The primary consideration in any drainage study must begin with determination of rainfall in 
terms of intensity, duration and frequency.  The data to be used for calculating the amount of 
rainfall and the determination of runoff shall be that found in the Hydraulic Manual prepared 
and compiled by the Texas Department of Transportation – Bridge Division. 
 
The Rational Method will be used due to its general simplicity and acceptance.  The Rational 
Method is based on the principal that if rain persists at a uniform rate, the runoff will equal the 
rate of rainfall.  This solution method is applicable to small areas and shall not be applied to 
areas exceeding 200 acres. 
 
The Exhibits 2.3, 2.4 and 2.5 show the adopted values for minimum times of concentration, 
runoff coefficients for C, and percentage of impervious area to be used in the City of Belton. 

 
 

EXHIBIT 2.3 
MINIMUM TIMES OF CONCENTRATION 

   

Areas  Minimum Time (Minutes) 
Parks & Open Areas 20 
Residential 15 
Commercial 10 
Roofs & Paved Areas 10 
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EXHIBIT 2.4 

VALUES OF RUNOFF COEFFICIENT “C” 
All adopted runoff coefficients are subject to calculation of actual impervious areas 
experienced in any given drainage basin and are subject to review and modification by the 
City Engineer. 

   

Land Use Range of C Adopted Value of C 
    

Residential:    
 Single Family (Lots < 1.0 Acre) 0.30 – 0.65 0.50 
 Single Family (Lots > 1.0 Acre) 0.25 – 0.50 0.40 
 Multi-family Detached (4 Units) 0.40 – 0.60 0.60 
 Multi-family Attached 0.60 – 0.75 0.70 
    
Commercial:    
 Industrial 0.50 – 0.90 0.70 
 Business 0.60 – 0.90 0.80 
 Business (downtown) 0.70 – 0.95 0.90 
    

Parks & Cemeteries: 0.10 – 0.25 0.20 
   

Playgrounds: 0.20 – 0.35 0.30 
   

Railroad Yard Areas: 0.20 – 0.35 0.30 
 
   

Character of Surface   
   

Pavements:  0.70 – 0.95 0.90 
    

Roofs:  0.75 – 0.95 0.90 
    

Impervious Soils (heavy) 0.40 – 0.65 0.65 
Impervious Soils with Turf 0.30 – 0.55 0.50 
Slightly Pervious Soils 0.15 – 0.40 0.40 
Slightly Pervious Soils with Turf 0.10 – 0.30 0.30 
Moderately Pervious Soils 0.05 – 0.20 0.20 
Moderately Pervious Soils with Turf 0.05 – 0.10 0.10 
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EXHIBIT 2.5 

PERCENTAGE OF IMPERVIOUS AREA 
 

Description Plot Size 
(sq ft) 

Average 
Impervious Area 

(Percentage) 
Residential Estate   >43,560 9 
Residential Dwelling 43,560 17 
Residential Dwelling 21,780 38 
Residential Dwelling 16,000 43 
Residential Dwelling 10,000 46 
Residential Dwelling   7,500 46 
Residential Dwelling                  <5,000 50 
Multiple-Family Dwelling Variable 72 
Schools Variable 35 
Churches Variable 85 
Commercial District Variable 85 
Shopping Center District Variable 100 
Industrial District Variable 72 
Freeway Variable 100 
Open Land (1)  1 

   
(1) Open land in rural areas and public parks increased to 1.0 percent to account for 

roads, drives and scattered buildings. 
 
2.08 Detention 
 

Detention shall be required to provide temporary storage of stormwater runoff to control 
discharge rates and to provide gravity settling of potential pollutants.  The City Engineer will 
determine in which instances detention is required.  The adopted detention calculation methods 
shall be those known as the modified Rational Method or the Soil Conservation Service (SCS) 
Method or other methods approved for use by the City Engineer. Approved method(s) shall be 
obtained prior to design.  

 
2.09 Hydraulics 
 

Stormwater is conveyed usually on the upper end of a drainage basin by inlets and storm 
sewers (closed conduit systems) to channel and through culverts and bridges.  All calculations 
and design procedures for this hydraulic work shall follow the Hydraulic Manual prepared and 
compiled by the Texas Department of Transportation – Bridge Division. 
 
Exhibits 2.6, 2.7, 2.8 and 2.9 show adopted Manning’s Coefficients, minimum pipe slopes, 
maximum channel velocities and roughness coefficients. 
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EXHIBIT 2.6 

MANNING’S COEFFICIENT OF ROUGHNESS 
FOR PIPE 

   

Material  Value of n Adopted 
    

Asbestos-Cement Pipe 0.011 – 0.015 0.013 
Cast Iron Pipe Coated 0.010 – 0.014 0.012 
Cast Iron Pipe Uncoated 0.011 – 0.016 0.013 
Concrete Monolithic Conduit 0.012 – 0.017 0.015 
Concrete Pipe 0.011 – 0.015 0.013 
Corrugated Metal Pipe 0.022 – 0.026 0.024 
 (1/2” x 2-2/3”)   
25% Paved 0.021 – 0.023 0.022 
Fully Paved 0.012 – 0.015 0.013 
Plastic Pipe (Smooth) 0.011 – 0.015 0.013 
Vitrified Clay Pipe 0.011 – 0.015 0.013 

 
 

 
EXHIBIT 2.7 

MINIMUM PIPE SLOPES 
 

Pipe Diameter Slope in Feet Per Foot 
 n= 0.013 n= 0.024 
   

12” 0.00435 0.01490 
15” 0.00324 0.01110 
18” 0.00254 0.00868 
21” 0.00208 0.00709 
24” 0.00174 0.00592 
27” 0.00148 0.00510 
30” 0.00129 0.00439 
33” 0.00113 0.00386 
36” 0.00101 0.00345 
42” 0.00082 0.00280 
48” 0.00069 0.00235 
54” 0.00059 0.00201 
60” 0.00051 0.00175 
66” 0.00045 0.00154 
72” 0.00040 0.00137 
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EXHIBIT 2.8 

ADOPTED MAXIMUM CHANNEL VELOCITIES 
 

  
Channel Material  Maximum 

Channel 
Velocity, fps 

   

Fine Sand 2.0 
  

Coarse Sand 4.0 
  

Fine Gravel 6.0 
  

Earth  
 Sandy Silt 2.0 
 Silt Clay 3.5 
 Clay 6.0 
  

Grass Lined Earth  
 Bermuda Grass – Sandy Silt 6.0 
  – Silt Clay 8.0 
Poor Rock (usually sedimentary) 10.0 
 Soft Sandstone 8.0 
 Soft Shale 3.5 
Reinforced Concrete Lining 15.0 

 
 
 
 
 

EXHIBIT 2.9 
ADOPTED MAXIMUM STORM SEWER PIPE VELOCITIES 

 
The maximum velocity of storm sewer piping shall be 15 feet per 
second for all collection trunk lines and selected lateral lines as 
determined by the City Engineer.  Manning’s Equation shall be 
used as the test standard for said velocity determinations with no 
entrance or exit head losses to be considered.  Only pipe friction 
losses will be used as per Manning’s Equation to wit: 
 
 V =   1.486     (R) 2/3 (S) 1/2 
 N  
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EXHIBIT 2.10 

MANNING’S COEFFICIENT OF ROUGHNESS FOR CHANNELS 
 

 N Values* Adopted 
 Min. Max ‘N’ Values 
     

Lined Channels     
      

 Metal corrugated 0.021 0.024 0.023 
 Concrete 0.012 0.030 0.025 
 Cement rubble 0.017 0.030 0.025 
 Concrete gutter 0.015 0.020 0.016 
 Rock Rip-rap 0.030 0.045 0.035 
     
Unlined Channels    
 Poor grass growth 0.025 0.035 0.030 
 Average grass growth 0.035 0.045 0.040 
 Dense grass growth 0.040 0.050 0.045 
 Stony beds, weeds on bank 0.025 0.040 0.035 
 Rock cuts, smooth & uniform 0.025 0.035 0.030 
 Rock cuts, rugged & irregular 0.035 0.045 0.040 
     
Natural Stream Channels    
 Some grass & weeds; little or no brush 0.030 0.035 0.035 
 Dense growth of weeds, depth of flow 

materially greater than weed height 0.035 0.050 0.045 
 Some weeds, light brush on banks 0.035 0.050 0.045 
 Some weeds, heavy brush on banks 0.050 0.070 0.060 
 For trees within channels with branches 

submerged at high stage, increase all 
values above by 0.010 0.020 0.015 

     
Pasture, no brush    
 Short grass 0.030 0.035 0.030 
 Tall grass 0.035 0.050 0.040 
     
Cultivated areas    
 No crop 0.030 0.040 0.035 
 Mature right-of-way crops 0.035 0.045 0.040 
 Mature field crops 0.040 0.050 0.045 
 Heavy weeds, scattered brush 0.050 0.070 0.060 
 Wooded 0.120 0.160 0.140 
 *Maximum and minimum “n” values adapted from the Texas Department of 

Transportation. 
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2.10 Construction Drawings 

All construction drawings for stormwater conveyance systems such as pipe systems, channels, 
culverts, bridges, open channels, etc. shall show the plan view, profile view and typical cross 
sections of sufficient intervals as approved by the City Engineer.  The plan, profile and cross 
sections for the drainage conveyance systems shall be labeled with percent slopes, horizontal 
and vertical dimensions, inlet and outlet elevations, mean sea level elevations, 100-year water 
surface elevations, carrying capacity required with carrying capacity provided and the hydraulic 
gradeline shown.  All concrete used for stormwater conveyance systems shall be Class A with a 
28-day compressive strength design of 3,000 psi. 
 
Construction plans shall include results of calculations for storm runoff, inlet design, and storm 
sewer design as shown in Tables A-1 through A-4 in this section.  If detention ponds are 
included, calculations shall include pre-project, post project and post project with detention 
hydrologic output for the 2, 10, 25 and 100-year storm events, rating tables for the outfall 
structure, and a stage-storage-discharge table. 
 

2.11 Stormwater Control 
 

Erosion Control 
 

1. Temporary Control 
 

Temporary controls shall be used during construction to prevent the erosion of soil 
and sedimentation of waterways until restoration is complete.  Temporary controls 
shall be in accordance with the Texas Commission on Environmental Quality (TCEQ) 
and the latest version of the City of Belton Stormwater Management Plan. 
 
Primary erosion control strategies are to divert runoff away from unstable areas or to 
provide a stable surface that will resist the effects of rain and runoff.  The principle 
measures for diverting runoff during construction include perimeter swales and dikes, 
and slope drains.  Where temporary vegetation is planted to prevent erosion, blankets, 
matting and mulches can help stabilize the area until the vegetation is adequately 
established.  Exhibit 2.11 identifies various erosion control measures.  
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EXHIBIT 2.11 
TEMPORARY EROSION CONTROL BMPS 

 
Erosion Control Area Application Notes 

 
Interceptor 
Swale 

< 5 acres Used as a perimeter 
control or to shorten slope 
distances 

 

Diversion Dike < 10 acres Used to route runoff away 
from disturbed areas 

 

Pipe Slope Drain < 5 acres Transport runoff down 
steep, erodible slopes 

 

Channel 
Stabilization 

Along 
Channels 

Conveyance of 
concentrated runoff 

 

Outlet 
Stabilization 

At Outlets Prevent erosion at outlet 
of channel or conduit 

 

Level Spreader Based on flow Outlet device for dikes 
and diversions 

Slope < 10% and 
stable 

Subsurface 
Drain 

Sized as 
required 

Prevent soils from 
becoming saturated and 
prevent seeps 

 

Vegetation Up to Mild 
Slopes 

Temporary and permanent 
stabilization of disturbed 
areas 

Permanent 
vegetation required 
for all disturbed 
areas 

Blankets/Matting 
w/vegetation 

Steep Slopes Used in channels and on 
steep slopes 

Suggested max. 
slope 2H:1V for 
slope applications 

Brush 
Mulch/Erosion 
Control Logs 

NA Temp. stabilization of 
disturbed areas 
stabilization in channels, 
around inlets, on steep 
slopes 

Suggested max. 
slope 2H:1V for 
slope applications 

Hydraulic Mulch Small 
Channel 

Stabilization of newly 
seeded areas 

Suggested max. 
slope 3H:1V 

Sod Up to Mild 
Slopes 

Immediate stabilization in 
channels, around inlets, or 
for aesthetics 

 

Dust Control As Required Areas subject to on- or 
off-side impacts from 
surface/air movement of 
dust 
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2. Permanent Control 

  
All areas within public right-of-ways that have been stripped or filled as a result of 
construction activities shall be restored to previous condition.  Such areas shall be 
covered with a minimum of four (4) inches of topsoil prior to the application of grass 
seed.  Grass seed shall be applied in accordance with Exhibit 2.12. 

 
EXHIBIT 2.12 

RESEEDING STANDARDS 
 

Time Of Year Seed Type Amount of Seed  
per 1,000 SF 

October – 
February 

Unhulled Bermuda or  
Winter Rye 

2 lbs 

March – 
September 

Hulled Bermuda 2 lbs 

 
Seedlings shall be watered until uniform growth is established.  During the first two 
(2) months after application of the seed, the planted area shall be irrigated or sprinkled 
at seven (7) day intervals in a manner that will not erode the topsoil but at a rate 
sufficient to thoroughly soak the soil to a minimum depth of four (4) inches.  Rainfall 
occurrences of one-half (1/2) inch or greater shall postpone the watering schedule by 
one (1) week intervals. 
 
Restoration shall be considered to be acceptable when the grass has grown to a height 
of at least twelve (12) inches, has had its first mow, and covers 95% percent of the 
area with bare spots no greater than twenty-five (25) square feet. 

 
Conservation Areas – All streets, utilities, drainage improvements, and buildings shall 
be constructed and located so as to protect conservation areas. 
 
Landscape Requirements – Refer to the City of Belton Design Guidelines for 
Landscape Requirements. 
 
Construction Entrance/Exit – Construct an 8” washed coarse aggregate surface for 
temporary construction entrances and exits according to the City of Belton Standard 
Details.  
 
Tree Preservation – Tree preservation shall be in accordance with the 
Erosion/Sedimentation and Tree Protection Notes and Details included herein. 
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2.12 Materials Requirements for Drainage Improvements 
 

A. Domestic Products 
 All iron, steel and manufactured components/materials used in any infrastructure project 

within the City of Belton or the City of Belton ETJ shall be manufactured in the United 
States of America.  Proof of the manufacturer location shall be provided to the City 
Engineer prior to installation of components/materials.  The City Engineer may waive this 
requirement when said City Engineer deems the waiver is in the best interest of the City of 
Belton. 

 
B. Concrete and Reinforcement Items 

All concrete shall have a minimum 28-day compressive strength of 3,000 psi unless 
otherwise noted on the plans, specifications or other written document.  Water shall not be 
added to the concrete after inspection and testing.  Placed concrete shall be vibrated when 
necessary depending on slump, space available for concrete placement and depth of 
placement.  The slump of concrete shall be placed at slumps per the Texas Department of 
Transportation Specifications for the Construction of Highways, Streets and Bridges under 
Item 420 with respect to the type of concrete structure being constructed. 
 
Steel reinforcement shall be billeted conforming to ASTM specifications A615 Grade 60 
or the latest revision to the ASTM A615 specification.  Steel cover from the outside edge 
of steel to inside face of concrete.  Reinforcement shall be adequately supported, spaced 
and secured before placing the concrete.  The reinforcement support system (metal support 
chairs) shall be as described in the details of the Transportation Section.  Reinforcing steel 
shall be placed in accordance with ACI Standards with overlaps of 40 bar diameters.  
Rebar chairs shall be placed on 48 inch maximum spacing each way.  
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Column 1 Design Point; this point is the first junction point upstream.  “Junction Point” refers to 
any inlet, manhole, bend, etc. that occurs which would cause a minor head loss. 

Column 2 Junction point immediately downstream of design point. 

Column 3 Distance between the design point in Column 1 and the design point in Column 2. 

Column 4 Incremental drainage sub-area designation. 

Column 5 Incremental drainage sub-area size contributing to the design point in Column 1. 

Column 6 Total drainage sub-area size contributing to the design point in Column 1. 

Column 7 Weighted runoff coefficient for incremental drainage sub-area. 

Column 8 Column 5 times Column 7. 

Column 9 Total "CA" for all drainage sub-areas contributing to the design point in Column 7. 

Column 10 Time of concentration to the design point in Column 1. 

Column 11 Flow time in storm drain system from the design point in Column 1 to the design point 
in Column 2; Column 3 divided by Column 21 of previous row. 

Column 12 Column 10 + Column 11. 

Column 13 Design frequency of storm drain system. 

Column 14 Rainfall intensity determined from the value calculated in Column 12 and the intensity 
curve for Bell County. 

Column 15 Design discharge; Column 9 times Column 14. 

Column 16 Size of pipe chosen to carry an amount equal to or greater than the design discharge 
(Figures A-6 and A-7 can be used to determine this) 

Column 17 Slope of frictional gradient Sf (can be determined from Manning's Equation). 

Column 18 Elevation of hydraulic gradient at upstream end of pipe = elevation of downstream end 
+ column 17 times Column 3. 

Column 19 Elevation of hydraulic gradient at downstream end of pipe. 

Column 20 Velocity of flow in incoming pipe at design point (use Q=AV for full flow and Figures 
A-8 and A-9 for partial flow). 

Column 21 Velocity of flow in outgoing pipe at design point. 

Column 22 Velocity head loss for outgoing pipe at design point. 
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Column 23 Velocity head loss for incoming pipe at design point. 

Column 24 Head loss coefficients at junction (see Figures A-10 and A-11). 

Column 25 Column 23 times Column 24. 

Column 26 Column 22 - Column 25 (note for bends and inlets or manholes at the beginning of a 
line V1 = V2 and the appropriate Kj value should be used in Column 25;  
Column 25 = Column 26. 

Column 27 Column 18 + Column 26. 

Column 28 Invert elevation at design point for incoming pipe. 

Column 29 Invert elevation at design point for outgoing pipe. 
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SECTION 3 – GENERAL UTILITIES 
 
 
3.01 General  
 

The purpose of this section is to define the general requirements for the design and construction 
of utility infrastructure.  The City Engineer shall review all dry utilities on construction plans.  

 
3.02 Dig Once Policy 

All developments shall be required to construct and install two 3” conduits for 
telecommunication on all streets that are affected, disturbed, constructed and/or improved by 
development unless otherwise approved, pending a review by the City Engineer. These conduits 
shall be for the purpose of installing telecommunications cable, fiber optic wiring or other 
infrastructure as necessary. 

These conduits shall be placed at horizontal and vertical locations as determined by the City 
Engineer. The conduits shall conform to the size, shape and characteristics as determined by the 
City Engineer based on industry standards. Once installed and accepted by the City, the conduits 
shall become the property of the City. 

Development as defined in this section shall mean the construction of improvements such as 
buildings, homes, subdivisions, streets, and utilities.  

 
3.03 Materials Requirements 
 

A. Domestic Products 
 All iron, steel and manufactured components/materials used in any infrastructure project 

within the City of Belton or the City of Belton ETJ shall be manufactured in the United 
States of America.  Proof of the manufacturer location shall be provided to the City Engineer 
prior to installation of components/materials.  The City Engineer may waive this 
requirement when in the best interest of the City of Belton. 

 
B. Concrete and Reinforcement Items 

All concrete shall have a minimum 28-day compressive strength of 3,000 psi unless 
otherwise noted on the plans, specifications or other written document.  Water shall not be 
added to the concrete after inspection and testing.  Placed concrete shall be vibrated when 
necessary depending on slump, space available for concrete placement and depth of 
placement.  The slump of concrete shall be placed at slumps per the Texas Department of 
Transportation Specifications for the Construction of Highways, Streets and Bridges under 
Item 420 with respect to the type of concrete structure being constructed. 
 
Steel reinforcement shall be billeted conforming to ASTM specifications A615 Grade 60 or 
the latest revision to the ASTM A615 specification.  Steel cover from the outside edge of 
steel to inside face of concrete.  Reinforcement shall be adequately supported, spaced and 
secured before placing the concrete.  The reinforcement support system (metal support 
chairs) shall be as manufactured by Dayton Superior, CHCP or CHCV, or equivalent and as 
noted in the details of the Transportation Section.  Reinforcing steel shall be placed in 
accordance with ACI Standards with overlaps of 40 bar diameters.  Rebar chairs shall be 
placed on 48 inch maximum spacing each way.  



  
 Page 3 - 2 2016 

 
C. Hatches 

All hatches shall be manufactured by Halliday Products and shall be series H1R (single leaf) 
or H2R (double leaf). All hatches shall be heavy duty, H-20 rated. All hatch openings shall 
be a minimum of 36”x36”, or as required by the City Engineer. Double leaf hatches (series 
H2R) shall be used for openings larger than 42”x42”. All hatches shall have a 1/4 inch 
(7mm) thick, aluminum diamond plate, one-piece, mill finish, extruded aluminum frame, 
incorporating a continuous concrete anchor. The inside of the frame shall have a door-
support ledge on two (2) sides. Both frame and ledge must be supported by a full bed of 
Class A concrete.  Doors shall open to 90 degrees and automatically lock in an open position 
with a T-316 stainless steel hold open arms with release handles. Doors shall also 
incorporate enclosed stainless steel compression spring assists. Doors shall close flush with 
the frame. Hinges and all fastening hardware shall be T-316 stainless steel. Unit shall lock 
with a T-316 stainless steel slam lock with removable keys and have a non-corrosive handle. 
The Halliday hatches shall be installed per the manufacturer’s recommendations.  
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SECTION 4 - WATER 
 
 
4.01 General  
 

The purpose of this section is to define the general requirements for the design and construction 
of potable water infrastructure and to provide typical construction details for the improvements.  
The City of Belton Public Works Department should be consulted if variations from these 
standards are anticipated. 

 
 
4.02 Master Plan 
 

All potable water infrastructure design must be sized and located according to the land uses 
projected in the Comprehensive Plan and/or Thoroughfare Plan.  Also, the City of Belton 
periodically updates the Water Master Plan which should be followed and adhered to during the 
design process. 

 
 
4.03 Water Improvements 
 

The subdivider shall provide all water lines required to properly serve each lot of the subdivision 
and to ensure that existing and/or new water facilities can supply the required demand at the 
desired pressure for both domestic use and for fire protection.  The subdivider shall bear all costs 
for extending water service from existing City water lines that have sufficient capacity to serve 
the subdivision.  All water lines and service connections shall conform to the current City Design 
Manual, requirements of the Texas Commission on Environmental Quality, and the fire insurance 
standards of the State Board of Insurance. 

 
  

A. Design Standards 
1. Piping for water mains and connections shall be in accordance with current City Design 

Manual and Texas Commission on Environmental Quality Regulations (Texas 
Administrative Code Title 30, Part 1, Chapter 290).  All pipe and fittings shall be new 
and shall conform to the current standards of the American Water Works Association. 

 
2. Water connections shall be made readily available to proposed park sites with water 

lines located along the street frontage of the park.  The subdivider must demonstrate 
that there is sufficient water line capacity available to serve the park. 

 
3. All water mains shall extend to the border of the proposed subdivision property lines.  

A valve, plug and concrete block shall be provided on the end of each said main such 
that an extension of the main can be made without removing said main from service.  
All service lines shall be extended to lot lines. 

 
4. Water lines shall be at least eight (8) inches in diameter and shall be designed to serve 

the anticipated and future development including fire demand.  Larger lines shall be 
required when required by the City.  The subdivider may be required to upsize proposed 
water lines and water utility facilities as directed by the City Engineer, with the City 
cost participating in the said upsizing. 
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5. At the intersection of water distribution lines, the number of valves shall be one less 

than the number of radiating lines [two (2) valves for tee connections and three (3) for 
cross connections].  Valves shall be located at street intersections, the Point of Curve 
(PC), or the Point of Tangency (PT) of the nearest property line.  Valves shall be 
provided on all water mains so that not more than 1,000-feet of main must be removed 
from service at one time for repairs.  All valves shall conform to the current standards 
of the American Water Works Association.  Valve locations shall be marked in 
accordance with the Curb Stamp Standard Detail in the Transportation Section. 

 
6. All water lines shall have a minimum slope of 0.10%.  
 
7. All water pipe shall have minimum cover of 42 inches, unless otherwise approved by 

the City Engineer. 
 
8. Water line installation shall include tracer wire in accordance with the General Details 

for water and wastewater. 
 
9. Each subdivision or phase of a subdivision shall install a sampling station to be provided 

and paid for by the Developer.  The location of the sampling station shall be at the 
recommendation of the City Engineer.  Where a subdivision or phase of a subdivision 
has in excess of 100 lots, additional sampling stations will be required, and the quantity 
and location of such to be determined by the City Engineer. Sampling stations shall be 
manufactured by Kordeen, Model 0001-3, furnished by the Developer and shall be in 
accordance with the latest regulations of the TCEQ and the City of Belton. 

 
10. Separation distances between water and wastewater infrastructure shall be in 

accordance with TCEQ Regulations (Chapters 217 and 290).  Where encasement is 
required, steel casing shall be in accordance with the detail included in the General 
Utilities section. 

 
11. Where dead-end water lines are unavoidable, autoflush assemblies are required. 

 
B. Materials and Sizing 
 

1. All materials used in water improvement projects shall be North American domestic 
and comply with the American Water Works Association (AWWA).  The following are 
general requirements for water mains as to materials and types. 

 
2. All water mains shall have cast or ductile iron outside diameters and conform to the 

following material specifications: 
 

a) 2” pipe or less shall be PVC DR-21 with ring-tite seal.  3” pipe is not allowed. 
 
b) Pipe 4” to 12” shall be PVC, AWWA C900 DR-18 with ring-tite seal. 
 

 
c) Pipe Larger than 12” shall be Ductile Iron Pressure Class 250.  Ductile iron pipe 

must: 
i. Meet or exceed AWWA specifications C150/A21.5 & C151/A21.51; 
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ii. Contain bell & spigot joints with a single rubber gasket, meeting or exceeding 
AWWA specifications CIII/A21.11; 

iii. Meet or exceed thickness AWWA C150/A21.50 and C151/A21.51;  
iv. Fittings shall be in accordance with C110 & C153; and 
v. All buried ductile iron pipe and fittings shall be wrapped with 8 mil, Type I, 

Grade E-1, polyethylene film according to AWWA C105/A21.50. 
 

3. Potable water lines shall be blue in color.  Re-use/reclaimed water lines shall be purple 
in color in accordance with TCEQ Chapter 210. 

 
4. Tapping sleeve & valve: 

Tapping sleeve to meet AWWA specifications with a minimum working pressure of 
150 PSI.  Tapping valves shall meet AWWA specifications with a minimum working 
pressure of 175 PSI. 

 
5. Bends & Fittings: 

All bends and fittings shall be equipped with a mechanical joint restraint system in the 
flange/gland.  All bends and fittings will be cast iron mechanical joint 2” or larger 
(C.I.M.J.) meeting the specifications of ANSI/AWWA C-110-77.   

 
6. Pressure Reducing Valves (PRV), if necessary, shall be Cla-Val or approved equivalent.  

PRV Assemblies shall include a bypass with isolation valves.  PRV(s) sizing shall 
consider flow rate(s) for both initial and ultimate conditions. 

 
7. All water services shall be polyethylene tubing unless otherwise approved by the City 

Engineer. 
 
8. Backflow Prevention shall be in accordance with TCEQ Section 290.44.  Backflow 

devices shall be installed, certified and tested by a licensed backflow inspector.   
 

9. Irrigation lines shall be installed perpendicular to ROW. 
 

 
4.04 Testing and Disinfection of Water Mains 
 

A. Testing of installed improvements shall meet all TCEQ and AWWA C651 specifications 
and regulations for Disinfecting Water Mains.  Samples shall be sent to a City-approved 
laboratory, and a copy of the results shall be sent to the City Engineer.  

All water lines shall be complete in place including all bends, blocking, fittings, restraints, 
services, and appurtenances before pressure testing. New water line shall not be placed into 
service until pressure testing and bacteriological testing has been completed.  
 
Pressure test will be completed in a manner that is against all new valves. 
 
All original reports shall be provided to the City Engineer. 

4.05 Construction Drawings 
 

Construction drawings for water line installation shall contain both plan and profile view labeled 
with percent slopes, flowline elevations (based on mean sea level elevations) at horizontal and 
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vertical PI’s, horizontal dimensioning to easement and/or property line, and vertical 
dimensioning at critical crossings. 

 





























  
 Page 5 - 1 2016 

SECTION 5 - WASTEWATER 
 
5.01 General  
 

The purpose of this section is to define the general requirements for the design of wastewater 
infrastructure and to provide typical construction details for the improvements.  The City of 
Belton Public Works Department should be consulted if variations from these standards are 
anticipated. 

 
5.02 Master Plan 
 

All wastewater improvements design must be sized and located according to the land use 
projected in the Comprehensive Plan.  Also, the City of Belton periodically updates the 
Wastewater Master Plan which should be followed and adhered to during the design process. 

 
5.03 Wastewater Improvements 
  

The subdivider shall provide all wastewater lines required to properly serve each lot of the 
subdivision and to ensure that existing and new wastewater lines and facilities can adequately 
serve the subdivision.  The subdivider shall bear all costs for extending existing City wastewater 
lines and wastewater facilities to have sufficient capacity to serve the subdivision.  All 
wastewater lines and service connections shall conform to current City Design Manual, Texas 
Commission on Environmental Quality Regulations (Texas Administrative Code Title 30, Part 
1, Chapter 217) and the requirements of the Texas Department of Health. 

 
A. Design Standards 

1. Piping for wastewater lines shall be in accordance with the current City Design Manual 
and Texas Commission on Environmental Quality Regulations.  All pipe shall be new 
and shall conform to American Society of Testing Materials, Standard D3034.  PVC 
sewer pipe joints shall comply with American Society of Testing Materials, Standard 
D3212.   
 

2. Minimum and Maximum Allowable Slopes in Percent shall be in accordance with 
TCEQ Chapter 217.  Additionally, the City of Belton has established a more 
conservative minimum slope which shall be required unless approved otherwise by the 
City Engineer.  These allowable slopes are summarized in the following table: 
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Size of Pipe 

(inches) 

City of Belton 
Minimum Slope 

(%) 

TCEQ 
Minimum Slope 

(%) 

TCEQ 
Maximum Slope 

(%) 
6 0.60 0.50 12.35 
8 0.50 0.33 8.40 
10 0.33 0.25 6.23 
12 0.25 0.20 4.88 
15 0.20 0.15 3.62 
18 0.15 0.11 2.83 
21 0.11 0.09 2.30 
24 0.09 0.08 1.93 
27 0.08 0.06 1.65 
30 0.060 0.055 1.43 
33 0.055 0.050 1.26 
36 0.050 0.045 1.12 
39 0.045 0.040 1.01 

>39  * * 
 * For pipes larger than 39 inches in diameter, the slope is 

determined by Manning's formula to maintain a velocity 
greater than 2.0 feet per second and less than 10.0 feet per 
second when flowing full. 

 
 

3. Wastewater connections shall be readily available to proposed park sites with lines 
located along the street frontage of the park.  The subdivider must demonstrate that 
there is sufficient wastewater line capacity available to serve the park. 

 
4. Septic tanks shall not be permitted. 
 
5. Manholes shall be constructed at all changes in direction sewer line intersections, 

termination points of lines, and at intervals of not more than five-hundred (500) feet, 
unless approved by the City Engineer. 

 
6. A minimum 100 mil coat of Raven 405 Ultra High Build Epoxy Coating or approved 

equal shall be applied to entire interior of each wastewater manhole and underside of 
flat tops where accepting influent from force mains, drop connections and to include 
the nearest two (2) manholes upstream and downstream.  The City’s On-site 
Representative shall inspect each manhole prior to application of coating system or the 
manhole shall be coated at the manufacturing facility with approved 
certificates/submittal. 

 
7. Pipe crown elevations of mains flowing into manholes shall be 0.1 feet above the crown 

of the out-flowing main. 
 

  



  
 Page 5 - 3 2016 

8. Separation distances between water and wastewater infrastructure shall be in 
accordance with TCEQ Regulations (Chapters 217 and 290).  Where encasement is 
required, steel casing shall be in accordance with the detail included in the General 
Utilities section. 
 

 
B. Materials and Sizing 
 

1. All materials used in wastewater improvement projects shall be North American 
domestic. 

2. All wastewater lines shall conform to the following specifications: 
 

a) Gravity wastewater lines shall be a minimum of eight (8) inches in diameter, PVC 
SDR 26 with elastomeric joints and meet the requirements of ASTM specification 
D-3034.  PVC sewer pipe joints shall comply with American Society of Testing 
Materials, Standard D3212.   

b) The minimum house connection size shall be four (4) inches in diameter.   
c) Force Mains 8 inches or less shall be PVC, AWWA C900 DR-18. 
d) Force Mains greater than 8 inches shall be Ductile Iron and shall have the interior 

wall cement lined and seal coated, unless specified differently. A shop applied 
bituminous coating shall be applied on the exterior surface of pipe. Coatings shall be 
applied in accordance with AWWA C104 and the Painting Specifications.  The 
interior surface of the pipe shall be lined with Protecto 401 ceramic epoxy lined with 
a minimum thickness of 40 mil. 

 
3. Gravity wastewater lines shall be green in color.  Force Mains shall be green or white 

in color. 
 

C. Appurtenances 
 

Manholes, cleanouts, and other associated items for completion of a wastewater system are 
shown on the following detail sheets as to material types and dimensions.  Valve 
requirements for Force Mains shall be the same as for Water Lines as described in Section 
4.03A.6. 

 
5.04 Testing 
 

Testing of installed improvements shall meet all Texas Commission on Environmental Quality 
requirements and guidelines.  
 
A. Vacuum air testing shall be done after the rings are in place per ASTM No. C1244 with the 

cover omitted.   
 
B. Low Pressure Air Tests shall be based on time versus pressure drop from 3.5 PSI to 2.5 PSI. 
 
C. Deflection testing shall be done 30 days or more following the completion of installation.  

Mandrels shall measure 95% of the base inside diameter of the pipe involved. 
 
5.05 Construction Plans 
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Construction drawings for wastewater installation shall contain both plan and profile view 
labeled with percent slopes, flowline elevations (based on mean sea level elevations) at each 
manhole, required design capacity in MGD, actual capacity in MGD, and horizontal 
dimensioning to easement and/or property line. 

 
5.06 Lift Stations 
 

The following are minimum standards for all proposed lift stations in the City of Belton and the 
City of Belton Sewer CCN. Applications proposing grinder pump stations shall also follow 
these standards, as applicable.  

 
All lift stations and appurtenances shall meet the requirements of the City of Belton Design 
Standards as well as the Texas Administrative Code, Chapter 217. For any conflicts between 
the City Design Manual and the regulatory requirements, the more stringent detail shall apply. 
All lift stations and appurtenances shall be designed by a Texas Registered Professional 
Engineer.  

 
A. Submittals 

 
1. All lift station shop drawings and submittals shall be reviewed by the City Engineer, 

and construction shall not proceed until submittals are approved by the Department.  
2. Record drawings, approved submittals, and all operation and maintenance (O&M) 

manuals shall be provided to the City Engineer following construction. 
3. The final document package shall include pump and motor descriptions, capacities for 

all equipment and wells, control diagrams, material descriptions, and contact name 
and number for maintenance and repairs on all equipment.  
 

B. Location and Site Details 
 
1. The site layout, location, and site grading must be approved by the City Engineer.   
2. Lift stations shall be located outside any drainage areas and 100-year floodplains, 

including wave action.  
3. Clearance around the lift station fencing shall be 15 feet at minimum. 
4. The interior, inside the fence of the lift station shall be concrete. The concrete must be 

a minimum of 6 inches thick with No. 4 rebar placed every 12 inches on center and 
includes an 18 inches deep footer around the perimeter. Interior footings may be 
required. The concrete for the columns and walls may be poured at the same time as 
the interior floor provided the appropriately sized footer is included. Concrete shall be 
poured a minimum of 6 inches outside of the exterior walls as a “mow strip”. 
Subgrade must be prepared per the geotechnical report. 

5. Landscape and fencing shall meet the City’s most current Design Guidelines and shall 
include weed barrier and automatic irrigation. In addition to the Design Guidelines, 
the entry gate to the lift station shall be two equally sized, 16 feet wide gates made of 
steel, have a lock open device, be equipped with a lockable slide hasp, and have an 
18-inch star made into and of the same material gauge as the fence.   
 

C. Access  
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1. The access road shall have standard curb and gutter and be paved with a minimum of 
2 inches of Type “D” HMAC. All subgrade shall be constructed per the 
recommendation of the geotechnical report. 

 
D. Electrical and Controls 

 
1. Control Panel shall be NEMA 4X and be manufactured by a certified UL508 facility. 
2. Each station must be equipped with a two service 110 volt 20 amp weather proof 

electrical outlets at a minimum. These outlets shall not be within the control panel. 
3. Emergency alarm lights must be mounted at a location that is visible through the gate 

or high enough to be above the masonry wall. 
4. Pump wires shall be installed in a separate NEMA 4X Junction Box w/terminal block. 

Exposed wires, nuts, etc. shall be coated with appropriate corrosion protection. 
5. Control wires (floats) shall be installed in a separate NEMA 4X Junction Box 

w/terminal block. Exposed wires, nuts, etc. shall be coated with appropriate corrosion 
protection. 

6. Omni Site hardware and provisions shall be provided. Any antenna boosters required 
shall be included. 

7. Stations requiring any building or a MCC will be reviewed and approved by the City 
Engineer and the City Building Official. 
 

E. Manholes and Wet/Dry Wells 
 
1. Install a manhole located near the fenced area prior to the sewer entering the wet well. 

Multiple manholes may be required by the City Engineer.  
2. Wet wells must be equipped with a “stilling well” on the influent pipe. Concrete wet 

wells must be Raven coated with a minimum of 120 mils or as required by the 
coatings manufacturer, whichever is thicker. The manhole that receives the force main 
discharge and the next downstream manhole shall be Raven coated to 120 mils.  

3. Fiberglass Wet Wells may be allowed with appropriate backfill and written approval 
from the City Engineer. 

4. Entrance Hatches shall be aluminum and manufactured by Halliday, sized and 
supported appropriately, have a lock open device, be lockable, be H20 traffic rated, 
have a minimum opening of 36” x 36”, and use all stainless steel hardware. 

5. Vents are be required, and shall be stainless steel and designed to hold an odor 
neutralizing agent such as activated carbon as recommended by the design engineer. 
Size and type of odor control mechanism shall be approved by the City Engineer.  
 

F. Utilities 
 
1. Potable water shall be metered and be equipped with a RPZ backflow prevention 

assembly. All potable water utilities shall be installed in a freeze proof cabinet with 
easy access doors on each side. A frost free hydrant shall be installed as well as a hose 
rack. 

2. Piping shall be class 350 ductile iron unless alternate piping has been preapproved, in 
writing, by the City Engineer.  

3. Bypass Pumping Connections shall be equipped with a properly sized bypass 
including vault, valves, and quick disconnect hose adaptor and cap. 

4. All ductile iron fittings, valves, etc. shall be coated with suitable 401 epoxy paint as 
recommended by the engineer. All piping shall have Protecto 401 epoxy lining. 
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G. Emergency Provisions and Security 

 
1. A generator is required for power outages and shall be manufactured by Generac or 

approved equal, and shall have an automatic transfer switch. The unit shall be fueled 
by natural gas.  

2. The audio and visual alarms and signage must be able to be heard and seen from the 
adjacent community.  

3. The generator shall be designed to operate the lift station at firm capacity and fueled 
to operate the lift station for a minimum of 48 run-time hours.  

4. Security lighting shall be adequately provided to illuminate the site well enough to 
safely enter the station. 

5. Provide and install an identification sign according to the details provided in the 
Design Standards. Sign shall be made of noncorrosive materials. A proof of the sign 
shall be submitted to the City Engineer and a written approval must be received prior 
to the sign being ordered.  
 

H. Pumps and Motors 
 
1. Pumps shall be manufactured by Flygt, Flowserve, Zoeller, Hydromatic, or approved 

equal. Pump motors shall be manufactured by US Motors (Nidec), TECO-
Westinghouse, or approved equal. Pump and motor manufacturers shall be approved 
by the City Engineer.  

2. A minimum of two pumps are required in each lift station.  
3. Each pump shall have a separate hour meter located on the control panel. 
4. Controls shall be equipped with a switch that automatically switches the lead pump 

designation. 
5. Provide provisions for future expansion of the lift station, if directed by the City 

Engineer.  
 

I. Materials 
 
1. All brackets, rails, hardware, nuts, bolts, float hangers, etc. shall be made of stainless 

steel. 
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