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I. GENERAL 

 
A. Purpose 

 
The City of Newton is striving to provide uniformity in construction efforts 

involving public works.  To accomplish this it is important that initial design 

comply with established standards and specifications approved by the City.  In 

addition to initial design, there are many construction activities that will be 

performed which will not require design and construction documents, which must 

also comply with uniform City standards.  The following document will serve as 

the standard guideline for all public works construction. 

 
B. Scope 

 
This document includes design criteria and typical construction details for 

Streets, Trafficways, Storm Drainage and Flood Control Systems.  In addition a 

brief material specification will be outlined. 

 
C. Variation from Design Criteria 

 
Variations will be considered from the Standard Engineering Design Criteria and 

General Improvement Policy when a formal request is made to the City.  The 

request will involve the following: 

 
1. List any and all variations being requested. 

2. Provide a justification for each variation in writing.  In the case of a detail, 

provide a sketch or an engineered drawing indicating the modification 

requested.   

3. Request a formal meeting with the City to discuss the suggested variation. 

4. Obtain in writing an approval/decision of the modification. 

 
Special circumstances may be encountered where a specific item is not included 

in the Standard Engineering Design Criteria and General Improvement Policy.  If  
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this occurs, a formal request shall be made to the City and shall meet the 

requirements as shown above for a variation. 

 
D. Compliance with Applicable Statutory Requirements 

 
Compliance with all Federal, State and Local Laws will be required.  Where 

permits are required by Federal, State and Local Agencies, the Project Owner 

will be required to complete all filing, pay all fees, and obtain an approved permit.  

All information including maps, plans, specifications, etc., required to obtain an 

approved permit shall be provided to the City.  Traffic control for all projects shall 

be established and shall conform to the latest version Manual on Uniform Traffic 

Control (MUTCD). 

 
E. Amendment to Standard Engineering Design Criteria 

 
Amendments to the Standard Engineering Design Criteria and General 

Improvement Policy will be approved by the City.  The Amendments will be made 

available by the City for insertion into this document.  It is the responsibility of the 

holder of this document to assure themselves that they have all the amendments 

or a current document. 

 
F. General Development Plan or Plat 

 
Any development plan or proposed plat shall be submitted to the City with utilities 

and pavement generally located within the boundary of the plan or plat.  For plats 

the utilities will be located within dedicated easements and right-of-ways.  The 

general development plan or plat shall show preliminary elevations for all sanitary 

sewers, streets, and storm drainage conveyance systems.  In addition, the 

project owner for a plat shall submit a four corner lot grading plan indicating 

elevations at each corner for the subdivision that is being developed.  The four 

corner lot grading plans will be placed on file with the City and will be reviewed 

during requests for building permits.   
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II. STREETS 

 

All street improvements shall be designed and constructed to City Engineering 

Standards and Specifications, as outlined in this section.  Standard typical section 

details for asphalt pavement are included as Figure II-1. 

 

A. Pavement 

 

 1. Types 

 

Standard pavement for City street projects shall normally be concrete.  

Asphalt pavement may be used when approved by the City Engineer.  

Sand, Gravel, or other surfacing materials shall not be used unless 

specifically approved by the governing body. 

 

2. Minimum Thicknesses 

 

Thicknesses for the various pavements will vary depending on the 

intended use.  The table below shows minimum pavement depths to be 

used for City projects.   

 

 
 

Local Access/ 
Residential 

 
Collector 

 
Arterial 

Industrial/ 
Commercial 

Concrete Pavement 6” 6” 7” 8” 
Asphalt Pavement 6” 6” 8” 8” 

  *Use 8” Subgrade as shown in Figure II-1A. 

 

3. Width 

 

In general, the width of city streets shall be determined by the platted 

right-of-way.  Refer to City of Newton Subdivision Regulations (Section 

24-406) for Minimum Design Standards.   
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4. Bituminous Base Under Curb & Gutter 

 

On curb & gutter sections with asphalt pavement, the first lift of asphalt 

base course shall extend to a width of 2" behind each back of curb.  The 

extra width of bituminous base shall be considered a separate bid item 

and shall be measured and paid for separately from other asphalt 

pavement items.  

 

B. Subgrade Treatment 

 

1. Types of Treatment 

 

Allowable subgrade treatments are lime, fly-ash, or crushed rock base 

with Tensar geo-grid. 

 

2. Limits of Treatment 

 

Lime , fly-ash treated, or crushed rock subgrade shall be constructed to a 

depth as shown in Figures II-1 and II-1A and to a width of 12" beyond the 

back of each curb line, unless otherwise indicated by the plans or 

specifications.  

 

3. Application Rate 

 

Application rate of the treatment agent shall be as determined by an 

approved laboratory using standard testing methods.  This rate shall be 

shown on the project construction plans; however, the rate may be 

adjusted during construction if approved in writing by the Engineer. 

 

Determination of subgrade and pavement type should be determined 

following soils tests unless otherwise directed by City. 
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4. Compaction Requirements 

 

Compaction of all subgrades, whether treated or not, shall be to 95% of 

maximum density as determined by ASTM D698, except as noted below 

for rock base.  Rock Base is to be compacted and smoothed with a steel 

faced roller prior to placement of the pavement. 

 

C. Curb and Gutter 

 

1. Types 

 

See Figure II.2 for the following standard types of curb and gutter to be 

used on City paving projects: 

 

• Monolithic Combined Curb & Gutter (6 5/8") 
• Monolithic Combined Curb & Gutter (3 5/8" Roll) 
• Combined Curb & Gutter (6 5/8”) 
• Combined Curb and Gutter (3 5/8") 
• Median Combined Curb and Gutter (6 5/8") 

 

2. Construction Requirements 

 

  a. Joints 

 

Contraction joints shall be placed in curb and gutter at intervals of 

10 feet or less.  The joints shall be sealed with an approved hot-

poured joint sealing compound meeting ASTM D1190 which will 

adhere to the vertical portion of the joint through the curb face.  

Expansion joints shall be installed at the end of all curb returns and 

approximately every 250 feet on long runs.  
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b. Curb Through Driveway Approaches 

 
Where combined curb & gutter crosses a driveway entrance, the 

curb portion shall be laid down to a height of 1-1/2" through the 

entrance. 

 
D. Geometric Design Criteria 

 
1. Alignment 

 
a. Centerline 

 
Streets shall be centered in the right-of-way unless special 

circumstances dictate otherwise.  Deviations from centering the 

street in the right-of-way shall be made only by written approval 

from the Director of Public Works.  Where a proposed street is an 

extension of an existing street, the centerline of the proposed street 

shall coincide with the centerline of the existing street as closely as 

is practicable. 

 
2. Street Grades 

 
Street grades shall be indicated on plans along the centerline, high-edge, 

and top of curb of the roadway, except in cases of non-standard or 

unusual geometric configurations. On curved roadways, the centerline 

grade shall be calculated such that the minimum grade requirement is met 

for curb and gutter along the longest side of the curve. 

 
a. Minimum Grade 

 
To provide proper longitudinal drainage, the minimum allowable 

street grade shall be 0.33%, except as noted below for valley 

gutters. 
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b. Minimum Grade Across Valley Gutters 
 

The minimum desirable grade along the flowline of valley gutters 

shall be 0.66%, measured across the entire valley gutter including 

curb returns. 
 

3. Cross Slope 
 

Cross slopes for pavements shall be as indicated below except for 

localized variations where necessary to match an existing pavement. 
 

Type of Pavement Minimum Allowable Maximum Allowable 
Asphaltic Pavement 3/8" per foot 1/2" per foot 
Concrete Pavement 1/4" per foot 1/2" per foot 

 
4. Minimum/Maximum Fall Around Curb Returns 

 
The table below shows the minimum and maximum allowable difference in 

elevations between the PC and PT of curb returns for 90° intersections.  

For intersections with a “delta” of other than 90°, the elevation difference 

shall be prorated based on the values shown. 
 

Curb Return Radius Minimum Allowable Maximum Allowable 
20' 0.25' 1.00' 
25' 0.30' 1.25' 
30' 0.35' 1.50' 
35' 0.40' 1.50' 
40' 0.45' 1.50' 
45' 0.50' 1.50' 
50' 0.55' 1.50' 

 
5. Curb Return Radii 

 
a. Both Streets Curb and Gutter 

 
Curb return radii for street intersections shall follow the guidelines 

in the following table when both streets are constructed with curb & 

gutter.
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Type of Roadway 

 
Intersecting With 

Minimum Curb 
Face Radius 

Residential Residential 20 feet 
Residential Collector or Arterial 30 feet 
Commercial, Collector 
 or Arterial 

Commercial, Collector 
 or Arterial 

 
50 feet 

 
b. Curb and Gutter Intersecting Road with Ditch Section 

 
Intersection geometrics for intersecting a road without curb & gutter 

shall be as shown in Figure II.4.  Radius requirements shall 

generally follow the requirements shown above. 

 
6. Walk Grades 

 
The finished elevation at the property lines (referred to as the “walk 

grade”) shall generally be such that the slope between the back of curb 

and the property line is at least 1/4" per foot, but not more than 4 

horizontal to 1 vertical.  Exceptions may be made where absolutely 

necessary to match an existing situation. 

 
7. Cul-De-Sacs 

 
Permanent cul-de-sacs shall have a face-of-curb radius of 35' for the main 

“bulb” and a radius of 20' for the throat returns (see Figure II.5).  The bulb 

may be centered, or may be offset to the left or right as dictated by the 

right-of-way configuration.   

 

Roll type curb and gutter, shall be used on cul-de-sacs, unless there is a 

specific need for other curb types 
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E. Sidewalks and Bicycle Paths 

 

Sidewalks shall be constructed in conjunction with paving projects when required 

by the plat, subdivision regulations, or direction of the City Engineer.  Sidewalks 

shall generally be located immediately adjacent to the right-of-way if possible; 

however, sidewalk location shall be adjusted where necessary to provide a 

smooth transition from an existing pedestrian walkway.  

 

Bicycle paths shall be designed in accordance with the AASHTO “Guide for the 

Development of Bicycle Facilities.” 

 

1. Width and Thickness 

 

As a minimum, sidewalks on City projects shall be constructed to the 

dimensions shown in Figure II.6.  Minimum width shall be 5’ for sidewalks 

and 10’ for bicycle paths.  Minimum pavement depth shall be 4”.   

Sidewalks and Bicycle Paths shall be constructed of Portland Cement 

Concrete unless otherwise approved by the governing body.  Greater 

width or thickness is acceptable where requested by the owner or required 

due to special circumstances of a particular site. 

 

2. Wheelchair Ramps 

 

Wheelchairs ramps shall be provided at all curbed street crossings and 

any other locations which would act as a barrier to persons in a 

wheelchair.  See Figure II.6 for minimum requirements for standard 

wheelchair ramps. 

 



II-8 

3. Detectable Warning 

 

Detectable Warning shall be truncated domes of approved rigid polymer or 

flexible polyurethane sheets or "stamped" into the wet concrete surface.  

The Detectable Warning shall contrast visually with adjoining surfaces as 

specified by ADA Accessibility Guidelines for Buildings and Facilities 

(ADAAG) 4.29.  All costs associated with the Truncated Domes 

Detectable Warning shall be considered subsidiary to the pavement 

surface. 

 

Truncated Dome Specifications: 

• Base diameter of dome – 0.9" 

• Top diameter of dome – 0.45" 

• Height of dome – 0.2" 

• Center to center spacing of domes – 2.35" 

 

F. Driveway and Alley Entrances 
 

Driveway or alley entrances shall be constructed with City paving projects when the 

paving abuts an existing driveway or alley unless the Owner of the abutting property 

requests in writing that no entrance be constructed.  The entrance or “approach” 

shall extend from the curb line of the street to the nearest property line. 
 

1. Width 
 

For the purposes of design, the width of proposed drive and alley 

approaches shall match the existing drive or alley.  Except where 

approved by the City to match an existing condition, the minimum throat 

dimension shall be 12 feet for driveways or 20 feet for alleys, and the 

maximum throat width shall be 30 feet.  Drive approaches shall only be 

constructed to serve a specific existing drive or alley, or location for which 

there is a valid building permit. 
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2. Return Types/Radii 

 
Standard drive approaches shall be constructed as shown in Figure II.6.  

Return radii for standard entrances are shown below. 
 

 Minimum Radius Maximum Radius 
Residential Drive 10'-6" 10'-6" 
Commercial Drive 10'-6" 40' 
Alley 20' 40' 

 
3. Drive Request 

 
The owner may request additional thickness or reinforcement at his cost.  If 

no request or confirmation is obtained from the Owner, the drive approach 

shall be constructed to match the existing drive location and width. 

 

G. Street Signing 

 

In general, design of paving projects shall include all necessary signing, including 

regulatory, warning, and street name signs.  However, installation of certain 

regulatory signs, such as STOP signs, may be subject to approval by the City 

based on an engineering study.  (See Figure II-7 for Signing Details.) 

 

1. MUTCD Requirements 

 

All signs and other traffic control devices, and the installation and use 

thereof, shall conform to the requirements of the latest version of the 

Manual on Uniform Traffic Control Devices for Streets and Highways 

(MUTCD), published by the Federal Highway Administration.  All devices 

shall be reflectorized on the side facing traffic. 
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2. Minimum Sizes 

 
The minimum allowable size for regulatory and warning signs shall be the 

size denoted as “Standard” in the publication Standard Highway Signs 

published by the Federal Highway Administration. 

 
H. Partial List of Standard Bid Items 

 
To the extent possible, standard bid items shall be used in designing and bidding 

projects.  Additional bid items will occasionally be necessary due to the varying 

nature of projects.  A partial list of common bid items and their units of 

measurement are listed here for information. 

 

6" Reinforced Concrete Pavement SY 
Manipulation for Treated Subgrade SY 
Hydrated Lime Ton 
RCVG Pavement (7")  SY 
Combined Curb & Gutter (Type) LF 
Sidewalk Concrete (4") SF 
Sidewalk Wheelchair Ramp EA 
Excavation CY 
Compacted Fill CY 
SWS Pipe RCP (diameter) LF 
Inlet, Curb 1A (L=6'-4", W=4'-4") EA 
Rip-Rap SY 
Flowable Fill LF 
Manhole, Std. EA 
Street Signage LS 
Site Clearing & Restoration LS 
Project Seeding LS 
Sediment Barriers EA 
Erosion Control Mat SY 
Construction Entrance EA 

 

I. Erosion Control 

 

All projects shall incorporate the use of best management practices to reduce 

erosion on the project and eliminate discharges of pollutants from the project site.  

Erosion control measures shall conform to the City of Newton’s Erosion and 
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Sediment Control Manual.  All applicable requirements for the NPDES storm 

water pollution prevention shall be met.  This may include a pollution prevention 

plan be prepared and submitted to the Kansas Department of Health and 

Environment if the disturbed construction area exceeds the requirements. 
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III. DRAINAGE AND STORM SEWER POLICY FOR DESIGN CRITERIA AND 

DOCUMENTATION 

 

GENERAL 

 

Every urban area has four separate and distinct drainage systems: (1) is the major 

system which frequently consists of open channels and may include storage areas in 

the channels or in ponds; (2) is the initial system which usually consists of a closed 

conduit with area inlets and curb inlets; (3) is paved streets which are used to convey 

runoff from individual lots to the initial system; and (4) is proper individual lot grading to 

convey runoff from the lot to the paved street and/or area inlets.  Obviously the primary 

function of streets is to convey traffic and drainage must be considered secondary in 

varying degrees to traffic needs. 

 

The designer must address all 4 systems. 

 

Two manuals have been selected for adoption and are to be used for design.  They are 

titled (1) "Design of Urban Highway Drainage - The State of the Art" (Manual No. 1) 

prepared by Reitz and Jens, Inc., Consulting Engineers, under the sponsorship of the 

United States Department of Transportation, reprinted in April 1980; and (2) "Drainage 

of Highway Pavements" (Manual No. 2) prepared by Tye Engineering, Inc. under the 

sponsorship of the United States Department of Transportation, dated March, 1984. 

 

These manuals are available from the National Technical Information Service, 

Springfield, Virginia 22101. 

 

The following statements are to be added to Manual No. 1: 
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A. List of Symbols Comments and Modifications 

 

Symbols used in drainage calculations and tabulations shall conform to the list of 

symbols shown on pages III, IV, V, VI, VII and VIII of the manual.  Symbols used 

in calculations and tabulations which are not shown on this list shall be clearly 

identified in the calculations or tabulations.  All drainage calculations shall be 

performed using English units of measurement. 

 

B. Chapter 1 Comments and Modifications - "General Principles of Stormwater 

Design" 

 

Narrative in Chapter 1 shall be considered as background information and not 

necessarily adopted as City policy. The City does not presently require treatment 

of storm water sewer discharges.  Consultants are encouraged, however, to 

incorporate measures in all projects which will reduce pollution especially from 

soil erosion. 

 

General drainage criteria in the City shall be as identified in the following tables 

for the initial storm: 

 

TABLE I 
INITIAL DESIGN STORM FREQUENCY 

 
Land 
Use 

Initial Design Storm 
Return Period 

  
1.  Local and Collector Streets 2 years 
2.  Arterial Streets 5 years 
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TABLE II 
ALLOWABLE PAVEMENT ENCROACHMENT FOR INITIAL DESIGN 

STORM 
 

Street 
Classification 

Allowed 
Encroachment 

1.  Local No curb overtopping.  Flow may 
spread across crown. 

2.  Collector One 8' lane width must be free of 
water. 

3.  Arterial One 8' through lane width in each 
direction must be free of water. 

 

An additional requirement to the initial system criteria is that the runoff 

from the 100-year frequency major storm for time of concentrations 

identical to the initial system design must be retained within public rights-

of-way in all cases.  This 100-year frequency major storm requirement 

must be evaluated for projects in existing developed areas and when 

identified as prohibitive because of estimated costs, the consultant shall 

provide criteria recommendations to the City for such projects which will 

provide a reasonable cost/benefit ratio for the project. 

 
C. Chapter 2 Comments and Modifications - "Precipitation" 

 
Precipitation intensity for the various durations and frequencies shall be as 

shown in the table attached to this document and identified as "Attachment A".  

When intensities are required for durations not shown in the table in the range 

between 2-hour and 24-hour durations, such intensities shall be computed as 

straight-line interpolations. 

 
D. Chapter 3 Comments and Modifications - "Runoff" 

 
Logic and documentation for the following items shall be provided in writing when 

final drainage computations are submitted to the City for approval. 
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1. Interception by vegetation is not a required consideration. 

 

2. Infiltration loss on pervious surfaces shall be considered in those cases 

where such losses become significant.  Infiltration loss for pervious 

surfaces for use with the S.C.S. dimensionless unit hydrograph method 

shall conform to the table attached to this document and identified as 

"Attachment B".  Infiltration losses are included in the coefficients of runoff 

provided for use with the modified rational method. 

 

3. Depression storage loss shall be considered in those cases where such 

losses become significant.  Depression storage loss for pervious and 

impervious surfaces for use with the S.C.S. dimensionless unit hydrograph 

method shall conform to the table attached to this document and identified 

as "Attachment C".  Depression storage losses are included in the 

coefficients of runoff provided for use with the modified rational method. 

 

4. Reduction for gutter storage shall be taken into account where such 

storage is a significant factor.  Use of this reduction will be by specific 

approval from the City on a case-by-case basis. 

 

5. Reduction of peak flow rate due to conduit storage will not usually be a 

consideration.  Use of this reduction may be a significant factor where 

large conduits are required.  Use of this reduction will be by specific 

approval from the City on a case-by-case basis. 

 

6. The rational method with required modifications shall be used to compute 

design runoff for areas of 320 acres or less tributary to the design point 

being considered.  Design runoff from areas between 320 acres and 750 

acres shall be computed using both the rational method and the S.C.S. 
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dimensionless unit hydrograph method and whichever method produces 

the larger peak runoff shall be used to design the system for the area 

tributary to the design point being considered. 

 

7. Coefficients of runoff used in the rational method shall be as indicated in 

the table attached to this document and identified as "Attachment D" for 

the storm frequencies shown.  Development of composite runoff 

coefficients for drainage areas and/or sub-areas shall be documented and 

correlated with such areas shown on a drainage area map. 

 

8. The minimum inlet time or time of concentration used shall be 15 minutes.  

Inlet time or time of concentration shall be computed using the procedures 

identified as follows: 

 

a. Travel time in street gutter sections shall be determined using the 

procedures identified in Section 4.1.3. of Manual No. 2. 

 

b. Overland sheet flow time shall be determined using the kinematics 

wave theory as presented in Section 4.1.3. of Manual No. 2 except 

that when the product of the rainfall intensity and the length of flow 

as determined by this method is less than 500, the kinematic wave 

theory is not valid for this situation and in these cases, the overland 

flow time shall be determined as identified in (c.) below. 

 

c. Overland sheet flow time shall be computed using average flow 

velocities as determined from the attached table identified as 

"Attachment E" and the estimated flow lengths involved when the 

kinematic wave theory is determined to be invalid as identified in 

(b.) above.  Velocities for slopes not shown in "Attachment E" shall 

be computed as a straight line interpolation and/or extrapolation 

within the ranges shown. 
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d. When the inlet time or time of concentration computed by the above 

procedures is less than 15 minutes the minimum of 15 minutes 

shall be used as the inlet time or time of concentration. 

 

9. Composite infiltration rates for use with the S.C.S. dimensionless unit 

hydrograph method shall be based on procedures identified in Figure 3-9 of 

Section 3.3.5.2. of Manual No. 1.  See Exhibit Nos. 1 and 2 showing general 

soil types in the area.  (Soil type information is also available on the NRCS 

website at http://websoilsurvey.nrcs.usda.gov/app/websoilsurvey.aspx.) 

 

10. Format, computation, and documentation required for the S.C.S. 

dimensionless unit hydrograph shall be as shown in the example provided 

in Manual No. 1 beginning with Section 3.3.5.9.  Documentation to be 

included in submittal to City for approval shall include all computations in 

the order identified in the example, a tabulation of unit hydrograph 

coordinates, a plot of unit hydrograph, a tabulation of effective rainfall, a 

tabulation of storm hydrograph coordinates for the drainage area, a plot of 

the storm hydrograph for the drainage area, a map of the drainage area, 

and computations showing determination of the percentage of impervious 

surface.  Locations of soil types involved shall be shown on the map of 

drainage area. 

 

E. Chapter 4 Comments and Modifications - "Storage" 

 

1. The Division of Water Resources of the Kansas State Board of Agriculture 

has adopted specific requirements governing design of dams for detention 

storage.  Such requirements are contained in documents identified as 

Engineering Guide - 1 and Engineering Guide - 2.  Requirements identified 

in the latest revision of these two documents shall be adhered to when 

designing facilities addressed by the documents. 
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 Criteria, standards, and documentation identified in Chapter 4 of Manual 

No. 1 shall be adhered to in all cases where such criteria and standards 

do not conflict with the Division of Water Resources requirements 

contained in their engineering guides. 

 

 Documentation as indicated in the example problems in said Chapter 4 

shall be submitted in writing when final drainage computations are 

submitted to the City for approval. 

 

F. Chapter 5 Comments and Modifications - "Roadway Drainage" 

 

1. Criteria standards and documentation identified in Manual No. 2 revises 

and expands upon such items as contained in Chapter 5 of Manual No. 1.  

Such criteria, standards, and documentation contained in Manual No. 2 

shall supersede, revise, and expand like items as contained in Chapter 5 

of Manual No. 1, otherwise criteria, standards, and documentation 

identified in Chapter 5 of Manual No. 1 shall be in effect. 

 

2. Topics contained in Section 4.0., 4.1., 4.1.1., 4.1.2., 4.1.3., 4.1.4., and 4.2. 

of Manual No. 2 have been discussed previously in this policy statement; 

therefore, requirements for topics contained in these sections will be as 

previously identified. 

 

3. Symbols used in computations related to highway or street pavement 

drainage shall conform to the list of symbols contained on pages 10, 11, and 

12 of Manual No. 2.  Such computations shall use English units of measure. 

 

4. Curb opening inlets shall be approved and adopted City standards.  Inlets 

proposed for construction on grades in excess of 3.0% shall include curb 

openings and gutter grate openings.  Adopted standards for such curb 

opening inlets with gutter grates will be developed with projects as needed.   
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Gutter grates shall be of the curved vane type and incorporate features of 

existing standard curb opening inlets functioning on the sweeper principle.  

Inlets with grates must be located to minimize hazards to pedestrians and 

bicycles.  Curved vane gutter grates shall be of the type indicated on page 

42 of Manual No. 2. 

 

5. Design and evaluation of City Standard Type I inlets proposed for 

construction on grade operating as a weir shall follow procedures 

identified in solution (2) of Example 11 on pages 63 and 64 of Manual No. 

2.  Design and evaluation of City Standard Type IA inlets proposed for 

construction on grade operating as a weir shall follow the same 

procedures as identified above for Type I inlets except the formula used 

for determining inlet efficiency in Chart 10 shall be revised to (L + 1) - LT to 

compensate for increased efficiency of inlets constructed in the set back 

location. 

 

6. Design and evaluation of City Standard Type I inlets proposed for 

construction in sumps operating as a weir shall follow procedures 

identified by Chart 12 on page 77 of Manual No. 2.  Design and evaluation 

of City Standard Type I inlets proposed for construction in sumps 

operating as an orifice shall follow procedures identified by Chart 14 on 

page 79 of Manual No. 2.  Water depth (do) used with Chart 14 shall be 

based on the formula identified with drawing (b) of Figure 21 on page 75 

of Manual No. 2 where di in such formula is the distance from the point 

shown in the drawing for where the angle O is measured to the water 

surface elevation.  Design and evaluation of City Standard Type IA inlets 

proposed for construction in sumps operating as a weir shall follow 

procedures identified by Chart 12 on page 77 of Manual No. 2 except the 

formula used for determining P shall be revised to P = L + 1 + 1.8 W to 

compensate for increased efficiency of inlets constructed in the set back 

location.  Design and evaluation of City Standard Type IA inlets proposed  
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for construction in sumps operating as an orifice shall follow procedures 

identified by Chart 12 on page 77 of Manual No. 2. 

 

7. Design and evaluation of City Standard Type I and Type IA inlets 

proposed for construction on grade operating as orifices shall follow 

procedures identified for design and evaluation of such inlets in sumps 

operating as orifices. 

 

8. Format, computation, and documentation required for design of storm 

sewer systems shall be as shown in the example provided in Manual No. 1 

beginning with Section 5.11.  Documentation to be included in submittal to 

City Engineer, or his authorized representative, for approval shall include 

all computations in the order identified in the example, a tabulation of 

design computations as identified in Table 5-7 in Manual No. 1, a plan of 

the system as identified in Figure 5-38(a) in Manual No. 1, a profile of the 

system as identified in Figure 5-38(b) in Manual No. 1, and tabulations of 

inlet design computations as indicated in Exhibit Nos. 4 and 5.  The 

numbering of the various points for design consideration shall follow 

procedures indicated in Figure 5-39 in Manual No. 1. 

 

G. Supplementary Design Information and Criteria 

 

Section I:  General Criteria for Open Channels Ditches and Related 

Appurtenances 

 

1. Introduction 

 

Open channels for use in the major drainage system have significant 

advantage in regard to cost, capacity, multiple use for recreational and 

aesthetic purposes and potential for detention storage.  Disadvantages 

include right-of-way needs and maintenance costs.  Careful planning and  
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design are needed to minimize the disadvantages and to increase the 

benefits. 

 

2. Geometric Features 

 

a. Where possible, a primary and an auxiliary channel shall be 

employed.  Purpose of the primary channel is to carry the design 

flood discharge.  Purpose of the auxiliary channel is to contain daily 

flow, minimize the portion of channel bottom which is normally wet 

and reduce bank erosion caused by the natural tendency of stream 

flow to meander from bank to bank. 

 

b. Side slopes of the primary channel shall be no steeper than 4 

horizontal to 1 vertical. 

 

c. Minimum bottom width of either primary or auxiliary channel shall 

be 4 feet. 

 

d. Side slopes of the auxiliary channel shall be 0.5 horizontal to 1 

vertical. 

 

e. Maximum width of the auxiliary channel shall be 10 feet. 

 

f. Maximum depth of the auxiliary channel shall be 2 feet. 

 

g. The auxiliary channel shall be centered in the primary channel 

wherever sufficient bottom width is available. 

 

h. Where primary channel bottom width dictates that the auxiliary 

channel be set to one side of the primary channel, the near side 

overbank distance shall be a minimum of 2 feet; the far side  
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overbank distance shall be a minimum of 10 feet. The cross-slope 

on the overbank channel shall be 2%. 

 

i. Where primary channel width will not accommodate an auxiliary 

channel the primary channel shall feature a "V" bottom using 2% 

cross slope. 

 

j. Auxiliary or "V" geometric features may be disregarded in hydraulic 

computations, such as computations for water surface profiles. 

 

3. Manning's Formula Constants for Roughness Factor (n). 

 

a. For grass-lined channel - "n" = 0.030. 

 

b. For rip-rap basket gabions, blanket gabions, rock fill - "n" = 0.045. 

 

c. For portland cement concrete-lined channels - "n" = 0.013. 

 

4. Channel Surface Protection 

 

a. Surface protection is an integral part of the design of any channel.  

Provision for channel surface protection must be made in contract 

documents and responsibility for maintenance of the channel 

between the time when earthwork is completed and installation of 

surface protection should be clearly stated. 

 

b. Where computed average velocity in section exceeds 6 feet per 

second, an energy dissipater, concrete lining, stone rip-rap, rip-rap 

bags, fabriform or gabions must be used to protect the channel 

surface from erosion.  Surface protection for velocities 6 feet per  



III-12 

second or less shall be evaluated consistent with involved soil 

types. 

 

c. Adjustments of channel gradients which are too steep for design 

conditions are best made by channel drops.  Normally it is better to 

employ several low head drops instead of high drops.  Sloped 

drops which fit channel topography are usually the most cost 

efficient.  Sloped drops should have a rough surface and be no 

steeper than 2 to 1.  All channel drops must be protected from 

erosion and being washed out. 

 

5. Outfall Structures 

 

a. Protection from erosion is required at all locations where a side 

drain or storm water sewer enters an open channel. 

 

b. If the open channel is grass-lined, the side drain may employ a 

headwall, apron and wingwalls which are designed to fit the 

channel bank; or if the side drain is pipe, an end section may be 

used provided it is supported by a toewall at least 2' in depth using 

portland cement concrete, grouted stone rip-rap, rip-rap bags, 

fabriform or gabions. 

 

c. For grass-lined channels, the erosion protection in the form of 

portland cement concrete slab, stone rip-rap, rip-rap bags, fabriform 

or gabions shall extend across the overbank channel, down into 

and across the auxiliary channel (if applicable) and at least 2 feet 

up the opposite primary channel bank. 
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d. Erosion protection shall extend upstream and downstream from the 

centerline of any side drain a distance of 1 1/2 pipe diameters each 

direction or a minimum of 3 feet each direction. 

 

6. Water Surface Profiles 

 

a. Channel design must be accompanied by water surface profiles in 

a format which presents not only the profile but the geometric and 

hydraulic elements which are employed in the profile computations. 

 

b. Any method which employs the Manning equation in a step-type 

iterative backwater analysis is acceptable for channel reaches 

between structures.  At structures, an accounting for area reduction 

and wetted perimeter increase, such as at piers, piles, walls, etc. 

must be entered into the water surface elevation computations.  

Suggested text for analysis of flow through structures is "Hydraulics 

of Bridge Waterways" published by the Bureau of Public Roads, 

source of which is available by contacting the City/County Engineer. 

 

c. An excellent example of method for computing water surface 

profiles is the Hydrologic Engineering Center Computer Program 

designated "HEC-2, Water Surface Profiles". 

 

d. Where access to the HEC-2 computer program is not practical, the 

procedures outlined in Hydrologic Engineering Center Report, 

Volume 6, Water Surface Profiles, is recommended. 

 

e. Where the starting elevation of a water surface profile is not known 

it should be estimated by making a "slope-area" or a "critical depth" 

computation for the channel being studied. 
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7. Freeboard 

 

a. To protect against the damaging effects of wave action, air bulking, 

splash and spray, man-made channels should provide a minimum 

of one foot of freeboard above the computed water surface profile 

for the design storm. 

 

b. The minimum freeboard above flood of record or computed flood 

insurance base flood water surface profiles for natural rivers, 

creeks, sloughs, etc. shall be one foot. 

 

c. Where buildings are immediately adjacent to a natural or man-

made channel, the minimum building pad elevation for such 

structures is recommended to be one foot above the computed 

100-year return flood water surface profile. 

 

Section II: General Criteria for Detention Design and Standards 

 

1. Introduction 

 

Storm water detention is a method by which the peak discharge of a 

drainage system is reduced through temporary storage in a reservoir 

having a control structure as its outlet.  The capacity of the outlet structure 

limits the outflow of the reservoir to a quantity less than the inflow.  

Detention is used to decrease the required capacity of new drainage 

systems and to relieve or prevent over-charging of existing drainage 

systems.  The City desires that detention storage be sized to reduce 

and/or limit peak runoff for the 5-year and 100-year frequency storms from 

urbanized areas to the peak runoff for such storms as if the area was not 

urbanized. 
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The purpose of this section is to state the procedure and criteria to be 

used in the design and construction of detention systems. 

 

As per current Kansas State Statutes, all dams capable of impounding 

thirty acre-feet or more at maximum stage require design approval and a 

permit from the Division of Water Resources of the Kansas State Board of 

Agriculture.  Those structures of this size or larger must, therefore, meet 

both the design standards as herein set forth and the design standards 

and procedures of the Division of Water Resources. 

 

2. Design Criteria 

 

a. Site Exploration 

 

Prior to design of a detention facility, the site shall be explored for 

surface and subsurface conditions, such as soil composition, water 

table, and subsurface geology. 

 

b. Detention Storage Dam Design 

 

All dams to be constructed within the urbanized area of the City 

shall be designed for Class C High Hazard in accordance with the 

Engineering Guide - 1 identified previously in comments on Chapter 

4 of Manual No. 1. 

 

c. Design Inflow 

 

1. Peak Flow Rates 

 

The methods of computing peak inflow are described in the 

previous discussion of Manual No. 1. 
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2. Soil Groups 

 

For both urban and rural basins, the hydrologic soil groups will 

be found using the S.C.S. "Soil Survey of Harvey County". 

 

d. Inflow Hydrograph 

 

Inflow hydrographs for drainage areas ranging from 320 to 750 

acres shall be developed using the S.C.S. dimensionless unit 

hydrograph procedures previously identified in Chapter 3 of Manual 

No. 1.  Inflow hydrographs for drainage areas less than 320 acres 

shall be developed based on the 10-minute unit hydrograph 

equations shown in Table 4-5 of Manual No. 1 and the 

methodology as presented in the example beginning in Section 

4.6.4.2. of Manual No. 1.  The value for 0 shall be as identified in 

the table provided as "Attachment F". 

 

e. Routing Methods 

 

Routing of the inflow storm through the detention pond shall utilize the 

procedures identified in Chapter 4 of Manual No. 1.  Complete 

dewatering of the detention portion of the facility shall take no more 

than 4 days. 

 

f. Design and Construction of the Facility 

 

Due to the great variance in soil types and subsurface conditions 

throughout this area, it is not practical to develop one specification 

for construction of embankments and ponds.  There are, however, 

several general requirements that can be recommended at this 

time. 
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1. As previously mentioned prior to design the site shall be 

explored for surface and subsurface conditions.  This work 

shall be done by a qualified testing laboratory under the 

direction of a licensed engineer. 

 

2. The core of the embankment and the core trench shall be 

composed of impervious material. 

 

3. Side slopes of the pond and embankment will be constructed 

in accordance with the standards stated in the section on 

open channel design. 

 

4. Freeboard shall be designed following the same criteria as 

used in open channel design. 

 

5. All areas above the static pool shall be seeded and mulched 

or sodded in compliance with the standards of the City. 

 

6. During construction, there will be continual testing and 

inspection by a qualified testing laboratory under the 

direction of a licensed engineer with reports submitted to the 

City. 

 

Section III: General Criteria for Storm Water Sewer Design and Standards 

 

1. Introduction 

 

Storm water sewer systems shall be designed as pressure systems for the 

initial storm when possible. Hydraulic grade line shall be a minimum of 6" 

below the street pavement gutter flow line at locations of inlets and 

manholes. 
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2. Design Criteria 

 

a. Manning's coefficient of friction shall be as follows: 

 

Reinforced concrete pipe (all sizes) n = 0.013; corrugated metal 

pipe 2 2/3" x 1/2" helical and circumferential corrugations (all sizes) 

n = 0.024; corrugated metal pipe 3" x 1" helical and circumferential 

corrugations (all sizes) n=0.027; corrugated metal pipe 6" x 2" 

helical and circumferential corrugations (all sizes) n = 0.033. 

 

b. Storm sewers are required to be designed to provide for a minimum 

cleansing velocity of 2 feet per second at a depth of flow of 0.2 of 

the diameter or rise of the pipe.  See Attachment G for minimum 

pipe grades necessary to maintain the required cleansing velocity. 

 

Section IV: General Rules of Thumb for Design of Drainage and Storm Water 

Sewers 

 
1. Whenever possible, set flow line elevations of pipes in structures such that 

the crowns of the pipes are at the same elevation. 

 
2. Flow lines of pipes in structures may be set at elevations such that the 0.8 

depth points of the pipes are at the same elevation. 

 
3. When main line pipe sizes change at a structure, the drop in flow line 

through the structure should be equal to the difference in the sizes of the 

pipe. 

 
4. Provide 0.2 foot drop in the main line pipes through structures when the 

structures includes one side lateral.  Provide 0.3 foot drop in the main line 

pipes through structures when the structures includes two or more laterals. 
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5. Provide 0.1 foot drop in the main line pipes through structures whenever 

the horizontal alignment of the main line pipes changes by 45° or greater. 

 

6. A clearance of 2 feet is required between the top of the outside diameter 

of the pipe and the bottom of the street pavements when pipes are 

installed under or in close proximity to such pavement.  A clearance of 

less than 2 feet will require specific approval by the City. 

 

7. Manholes used on storm sewers normally will be City standard shallow 

Type A, shallow Type B, standard Type A, standard Type B, and standard 

reinforced concrete.  Standard reinforced concrete manholes are normally 

used with pipe sizes 42" or larger.  All openings into structures which are 

to be utilized to facilitate maintenance operations shall be centered on 

pipes entering and/or exiting such structures when possible. 

 

8. Inlet, manhole, and headwall structures must always be evaluated to 

ensure that the structures have sufficient size to accommodate the various 

inflow and outflow pipes based on the alignment shown on the plan. 

 

9. Drainage plans which require construction of erosion protection will be 

required to include detail drawings for the placement of such erosion 

protection for each specific location.  Such details must show required 

elevations and horizontal dimensions. 

 

10. All projects which require construction of channels and/or ponds shall 

include provisions for establishing grass cover as necessary to minimize 

erosion.  Such projects shall also include provisions for mulching of slopes 

which are more susceptible to erosion.  Types of grass cover specified 

shall be compatible with the types of soil involved.  Projects which have  
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soil types that will not support development of good grass cover will 

require placement of suitable topsoil. 

 

11. The City prefers inlet-manhole combination structures whenever possible.  

The City also prefers to construct manholes outside the limits of street 

pavement whenever possible.  When necessary to construct manholes in 

street pavement, such manholes shall be Type B. 

 

12. State and federal government agencies permit or approval requirements 

as related to certain types of drainage improvements must be adhered to 

as follows: 

 

a. Construction plan approval is required from the Tulsa Branch of the 

Corps of Engineers whenever a project requires crossing a Corps 

constructed levee or discharge into a Corps constructed channel. 

 

b. A Section 404 permit may be required for projects or activities that 

impact the “Waters of the United States”.  Information regarding 

permit requirements and (ENG) Form 4345, Application for a 

Department of the Army Permit may be obtained from one of the 

Corps of Engineers local district offices.  The designer shall be 

responsible for obtaining a 404 Permit or a Corps of Engineers 

determination that a permit is not required.  

 

c. A permit is required from the Division of Water Resources of the 

Kansas State Board of Agriculture when projects require excavation 

or construction of fill in a floodplain.  The application of this permit 

requirement to projects which require construction in floodplains will 

be determined on an individual project basis on identification of the 

type and extent of the work involved. 
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d. A permit is required from the Division of Water Resources of the 

Kansas State Board of Agriculture for those projects which include 

construction of a dam which would impound more than 30 acre-feet 

of water at the elevation of the top of the dam. 

 

e. Contractors are required to obtain a permit from the Division of 

Water Resources of the Kansas State Board of Agriculture when it 

is necessary to dewater with wells and well points to facilitate 

construction. 

 

f.  Any construction activities affecting one acre or more which 

discharge stormwater will require a National Pollutant Discharge 

Elimination System Permit.  The designer shall complete and 

submit a Notice of Intent (NOI) form and related documents to the 

Kansas Department of Health and Environment for review and 

approval.  The permit application shall include a stormwater 

pollution prevention plan (SWP2 plan) which incorporates the use 

of “Best Management Practices” (BMPs) in regards to stormwater 

management and erosion control.  The NOI form and instructions 

are available through the Kansas Department of Health and 

Environment. All construction projects shall include the use of 

BMPs for storm water management and erosion control regardless 

of whether a permit is required.   

 

13. Occasionally exceptions to the above-stated rules of thumb may arise.  Such 

exceptions will be evaluated and approved on an individual case basis. 
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ATTACHMENT A
DRAINAGE CRITERIA MANUAL

RAINFAlL INTENSITY TABLE
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per hour as derived from ESSA Weather Bureau Technical Paper
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DURATION
IN MI'~UTES-- - - - - lOO-YR
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71
60
52
38
31



ATTACHMENT B-
DRAINAGE CRITERIA MANUAL

INCREMENTAL INFILTRATION VALUES IN INCHES

~ scs tb-diO'OQiC Sol' Group B.Time
Minutes**

.33

.25

.18

.13

.10

.08

."08

.08

.08

.08

.08

.08

.08

.08

.08

.08

.08

.08

.08

.08

.08

.08

.08

.08

.26

.17

.11

.07

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05

.19

.09

.05

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.12

.04

.02

.02

.02

.02

.02

.02

.02

.02

.02

.02

.02

.02

.02

.02

.02

.02

.02

.02

.02

.02

.02

.02

5
10
15
20
25
30
35
40
45
50
.55
60
65
70
75
80
85
90
95

100
105
110
115
120

**T1me at end of the time increment

NOTE: Values for 125 minutes and additional 5 minute increments shall
be the same as those shown for 120 minutes.



ATTACHMENT C

DEPRESSION STORAGE LOSSES

Iota I loss (inches):Surface TvDe:

Impervious:

0.1
0.1
0.05

Paved Areas
Flat Roofs
Sloped Roofs

Pervious:

0.3
0.4

lawns & Grass
Wooded Areas & Open Fields



(3 pages)
ATT'ACHMENT 0

DRAINAGE CRITERIA

RECOMMENDED RUNOFF COEFFICIENTS FOR RATIONAl METHOD
AND PERCENT IMPERVIOUS FOR U~IT HYDROGRAPH ~iETHOD

Percent
Impervious

! ! Frequency lQ.: lQQLand Use or
Surface Characteristics

1. Business:
Downtown Areas
Neighborhood Areas

95
70

0.84
0..68

0.85
0.69

0.87
0.73

0.91
0.80

2. Residential:
Single Family (Soil Group D)

1/8- -~re
1/4 Acre
1/3 Acre
1/2 Acre
3/4 Acre
1 Acre

50
38
30
25
22
2(}

0.57
0.50
0.46
0.42
0.42
0.41

0.61~
0.54
0.50
0.48
0.46
0.45

0.66
0.62
0.59
0.56
0.55
0.54

o.
o.
o.
o.
o.
o.

Multi-Family (Soil Group D)
Multi-Unit (detached)
Multi-Unit (attached)
Apartments

60
65
75

0.62
0.64
0.70

0.66
0.68
0.73

0.72
0.73
0.79

0.82
0.83
0.86

Single Family (Soil Gro~p C)
11H Acre
1/4 Acre
1/3 Acre
1/2 Acre
3/4 Acre
1 Acre

50
38
30
25
22
20

o.
o.
o.
o.
o.
o.

0.58
0.51
0.46
0.43
0.42
0.40

0.64
0.57
0.53
0.50
0.49
0.48

0.73
0.68
0.65
0.63
0.62
0.61

~lt1-Family (Soil Group C)
Multi-Unit (detached)
Multi-Unit (attached)
Apartments

60
65
75

0.60
0.63
0.68

0.63
0.66
0.72

0.69
0.71
0.77

0.77
0.79
0.83

Sin'~g-~~~lY (Soil §r,2up B)

1/4 Acre
1/3 Acre
1/2 Acre
3/4 Acre
1 Acre

50
38
30
25
22
20

0.52
0.44
0.39
0.36
0.34
0.33

0.54
0.46
0.41
0.38
0.36
0.35

o.
o.
o.
o.
o.
o.

0.67
0.61
0.57
U.54
0.52
0.51

~lti-Fali1ily (Soil Group B)
MUl ti--Unlt(detached)
Multi-Unit (attached)
Apartments

60
65
75

0.58
0.61
0.67

0.60
0.64
0.70

0.65
0.68
0.74

0.72
0.75
0.80

79
76
73
72
71
71

55
48
43
40
39
37

59
52
47
44
42
40



-2-

Percent
Impervious 2 SFreQUency 10 100- - - -

land Use or
rface Characteristics

~ing1e Family (Soil Group A)
1/8 Acre-
1/4 Acre
1/3 Acre
1/2 Acre
3/4 Acre
1 Acre

50
38
30
25
22
20

0.47
0.39
0.33
0.30
0.28
0.26

0.50
0.41
0.35
0.31
0.29
0.28

0.54
0.45
0.39
0.35
0.33
0.32

o.
o.
o.
o.
o.
o.

Multi-Family (Soil Group A)
Multi-Unit (detacned)
Multi-Unit (attached)
Apartr;lents

60
65
75

0.55
0.58
0.65

0.57
0.60
0.68

0.61
0.64
0.72

0.67
0.70
0.77

3. Industrial:
Light Areas
Heavy Areas

70
80

0.68
0.74

0.69
0.76

0.73
0.79

0.80
0.84

4. Playgroi,Jnds: 15 0.33 0.35 0.42 0.55

5. Schoo 1"5 : 0.51 0.6640 0.49 0.56

6. Railroad Yard Areas: 30 0.43 0.50 0.620.45
~

0.54 0.59 0.6845 0.52
Undeveloped Urban Areas:

Offs;te Flow Analys;s
(when land use not defined)

8. Streets:
Paved
Gravel

0.90
0.33

0.93
0.48

99-
00

0.87
0.24

o.es
0.26

9. 96 0.87 0.81 0.88 0.89Drive, Parking Lots and Walks:.

10. Roofs: 0.9390 0.80 0.85 0.90

0.23
0.27
0.31

0.08
0.12
0.16

0.09
0.13
0.17

0.13
0.17
0.21

11. Urban lawn Areas (See Note No.1 below):
Soil Group A

Slope less than lS 00
Slope lS to 4S 00
Slope more than 4S 00

0.31
0.41
0.'45

00
00
00

0.16
0.20
0.24

0.18
0.22
0.26

0.24
0.28
0.32

Soil GroupB
Slope less than l'
Slope l' to 4t
Slope more than 4'

00
00
00

0.24
0.26
0.28

0.27
0.29
0.31

0.35
0.37
0.39

0.51
0.53
0.55

Soil Group C
--Slope-less than 17,

Slope 17, to 4~
Slope more than 47,

60
52
47
44
42
40



-3-

2 5FreQUenCY 10 ---, m- - - -
Percent

Impervious
Land Use or

---,-face Characteristics

0.63
0~65
0.67

0.28
0.30
0.32

0.33
0.35
0.37

0.43
0.45
0.47

QO
00
00

Soil Group D
Slope less than 11
Slope 1~ to 4~
Slope more than 41

Note No.1: Coefficients shown in the above table are for pervious open space
areas with thick_turf which includes pervious areas in parks and cemeteries.
Coefficients shown above must be increased 0.02 for use with agricultural
pasture areas. Coefficients shown above must be reduced by 0.04 for use with
agricultural cultivated areas. Group A soils are well-drained, coarse textured
sands with high infiltration rates. Group B soils.are moderately well-drained,
moderately coarse textured soils with moderate infiltration rates. Group C
soils are moderately poor-drained, moderately fine textured soils with slow
infiltration rates. Group 0 soils are poor-drain~d, fine textured soils with
very slow infiltration rates.

GENERAL NOTE: These Rational Formula Coefficients may not be valid for basins
320 acres or larger.
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ATTACHMENT F

DETERMINATION OF DIMENSIONLESS
WATERSHED CONVEYANCE FACTOR (~)

, = '1 + '2

~1 ~l_assf fi cati on

0.6 Extensive channel improvement and storm sewer system. closed
conduit channel system

0.7 Moderate channel improvement and storm sewer system.

0.8 Some channel improvement and stonn sewers, mainly cleaning
and enlargement of existing channel.

0.9 Little channel improvement and storm sewers.

.1_!-9- Natural channel conditions.

~?

0.0 No channel vegetation.

U.l Light channel vegetation.

0.2 Moderate channel vegetation.

0.3 -~~Vy channel veqetation.



ATTACHMENT G

MINIMUM PIPE SLOPES
TO MAINTAIN VELOCITY OF 2 FT/SEC AT DEPTH OF

0.2 x DIAMETER OF PIPE

REINFORCED CONCRETE PIPE (MANNING'S "N" = 0.013)

Pipe Diameter
(in.)

Minimum Slope
(%)

Pipe Diameter

-- (in.)
Minimum Slope

(%)
12
15-
18
21
24
27
30
36

0.51
0.38

0.30
0.24
0.20
0.17
0.15
0.12

42
48
54
60
66
n
84
96

0.10
0.08
0.07
0.06
0.05
0.05
0.04
0.03



.
EXHIBIT NO.1

SOIL LEGEND

HYDROLOGIC
GROUPSYMBOL NAME

Aa
Ab
Ba
Bb
Ca
Cb
Cc
Cd
Ce
Ea
Eb
Ec
Fa
Fb
Fc
Ga
Gb
la
Ib
Ic
La
Lb
Ma
f.1b
l-lc
Na
Oc
Od
Pa
Pb
Pc
Pd
Ra
Rb
Rc
Rd
Sa
Sb
Sc
Ta
Tb
Ua
Ub
Uc
Ud
Ue
Va
Vb
Vc
Vd
Ve
Vf
Wa
Wb

B
B
C
C
B
B
D
B
C
B
B
B
»
B
B
D
D
D
D
D
C
A
B
B
B
B
0
D

D
A
A
D
D
D
P
B
B
B
D
D
B
B
B
D
D
B
B
B
B
D
D
C:
D

Albion-Shellabarger sandy loarns, 1 to 4 percent slopes
Albion and Shellabarger sandy loans, 7 to 15 percent slopes
Blanket silt loam, 0 to 1 percent slopes
Blanket silt loan, 1 to 3 percent slopes
Canadian fine sandy loan
Canadian-Waldeck fine sandy loams
Carwile fine sandy loam
C1ark-Ost clay loams, 1 to 4 percent slopes
Clime silty clay, 3 to 6 percent slopes
E1andco silt loam
Elandco silt loam, occasionally flooded
Elandco silt loam, frequently flooded
Farn~1 loam, 0 to 1 percent slopes
Farnum 10am~ 1 to 3 percent slopes
Farnum loam, sandy substratum, 0 to 1 percent slopes
Goessel silty clay, 0 to 1 percent slopes
Goessel silty clay, 1 to 2 percent slopes
Irwin silty clay loam, 1 to 3 percent slopes
Irwin silty clay loam, 3 to 6 percent slopes
Irwin silty clay loam, 2 to 6 percent slopes, eroded
Les~o loaln
Lincoln soils
Milan loam, 1 to 3 percent slopes
Milan form, 3 to 6 percent slopes
Milan clay loam, 2 to 6 percent slopes, eroded
Naron fine sandy loam
OWens clay loam, 1 to 3 percent slopes
OWens-Rock outcrop complex, 3 to 10 percent slopes
Pits
Plevna fine sandy loam
Pratt loamY fine sand, undulating
Pratt-Tivoli complex, rolling
Renfrow silty clay loam, 1 to 3 percent slopes
Renfrow silty clay loam, 3 to 6 percent slopes
Renfrow-Owens clay loams, 1 to 4 percent slopes
Rosehill silty clay, 1 to 3 percent slopes
Shellabarger sandy loam, 1 to 3 percent slopes
Shellabarger sandy loam, 3 to 6 percent slopes
Shellabarger sandy loam, 3 to 6 percent slopes, eroded
Tabler silty clay loam
Tabler-Drummond complex
Urban land-Canadian complex
Urban land-Elandco complex
Urban land-Farnum complex, 0 to 3 percent slopes
Urban land-Irwin complex, 1 to 3 percent slopes
Urban land-Tabler complex
Vanoss silt loam, 0 to 1 percent slopes
Vanoss silt loam, 1 to 3 percent slopes
Vanoss silt loam, 3 to 6 percent slopes
Vanoss silt loam, 3 to 6 percent slopes, eroded
Vernon sandy loam, 1 to 3 percent slopes
Vernon sandy loam, 3 to 6 percent lopes
Waldeck sandy loam
Waurika silt loam
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Soil Survey of Harvey County, Kamas ExhlOit 2 (Newton Area - North), - ~ - -- -,

Map Unit legend Summary

Harvey County, Kansas

Map Unit
Symbol

Map Unit Name Acres in AOI Percent of AD!

3843 346.1Geary silt loam, I to 3 ~ent
slopes

4.6

3858 60.3 0.8Goessel silty clay, I to 3 percent
slopes

3891 Ladysmith silty clay loam, 1 to 3
percent slopes

1,091.8 14.4

4565 431.1Clime silty clay, I to 3 percent
slopes

5.7

4575 Clime silty clay, 3 to 7 percent
slopes, eroded

IS.8 0.2

4671 102.6Irwin silty clay loam, 1 to 3 percent
slopes

.1.4

5892 Farnum loam, 0 to 1 percent slopes 15.5 0.2

5910 Naron fine sandy loam, 1 to 3
percent slopes

37.4 0.5

9982 Fluvents, frequently flooded 57.0 0.8
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Soil Survey of Harvey County, Kansas ExhI"bit 2 (Newton Area - South)-

Map Unit Legend Summary

Harvey County, Kansas

Map Unit
Symbol

Map Unit Name Acres in AOI Percent of ADI

3843 312.1 4.9Geary silt loam, I to 3 percent
slopes

3858 90.6 1.4Goessel silty clay, I to 3 percent
slopes

3891 Ladysmitb silty clay loam. I to 3
percent slopes

1,543.8 24.3

4565 86.6 1.4Clime silty clay, I to 3 percent
slopes

4585 Clime-Hobbs complex, 0 to 20
percent slopes

41.4 0.7

5892 Farnum loam, 0 to 1 percent slopes 10.4 0.2

9976 Borrow pits 12.0 0.2

9999 Water 20.0 0.3

US~ N8IunI R-
- C_n.- SenIoe

Web Soil Survey 1.1
Naliooal ~live Soil Survey

5/612007
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