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Storm Drainage Design Criteria

Drainage Criteria Manual, City of Leavenworth, Kansas
I. General Design Criteria

[.1. General. The following design criteria are the minimum standards
to be used in the design and construction of drainage system
improvements for the City of Leavenworth,

1.2. Policies. The drainage design criteria are based on the
following policies adopted by the City and developed as part of the
Stormwater Master Plan compieted in 1999,

[.2.1. A drainage report must be submitted by a professional engineer
registered in the State of Kansas. The report shall be signed and
sealed.

[.2.2. Subdivision plans shall include plans for the conveyance of
stormwater and shall be signed and sealed by a professional engineer
registered in the State of Kansas. The stormwater facilities shall be
designed in accordance with design criteria set forth in "Drainage
Criteria Manual, City of Leavenworth, Kansas,” (Design Criteria)
developed as part of the Stormwater Master Plan,

[.2.3. Easements shall be granted to the City for access to underground
drainage improvements and along open channels where the flow is greater
than what could be contained in a 72 inch diameter pipe. Minimum
easement requirements are listed in the Design Criteria.

[.2.4. Curb and gutter shall be provided on all new roadways.

[.2.5. O0Off-site drainage improvements shall be provided if peak flow
rates are greater than those shown in the Stormwater Master Plan.

[.2.6. Underground drainage systems shall be installed in all areas
where the flow can be contained in a 72 inch diameter pipe.

[.2.7. Systems shall be designed to address State and Federal
regulations regarding stormwater quality.

[.2.8. Runoff resulting from a 100 year design storm shall be routed
through the major drainage system, which consists of the drainage system
designed to pass the design storm plus surface routing such as swales,
open channels, and roadways. The 100 year design storm shall be routed
through the major system without causing structural flooding.

Section II. Design Requirements

IT.1. Runoff Calculations. Peak runoff rates shall be calculated using
the Rational method for areas smaller than 300 acres. For areas greater
than or equal to 300 acres and where detention/retention storage will
affect peak runoff rates, a hydrograph method shall be used to calculate
peak flow rates.
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I1.1.1.
following

Rational method.
formula:

The Rational equation consists of the

Q=k*C*i*A where,
Peak rate of runoff in cubic feet per second
Antecedent precipitation coefficient
Runoff coefficient
Rainfall intensity in inches per hour
Tributary area in acres

I YR LD
I nunun

(k). The antecedent
runoff coefficient ()

II.1.1.1. Antecedent precipitation coefficient
precipitation coefficient is used to adjust the

for less frequent design storms. The following k factors shall be used:
Antecedent Precipitation Factor, k
Return Period Design Storm, Years k Factor
10 and less 1.0
25 1.1
50 1.2
100 1.25

The product of C and k shall not exceed 1.0.

I1.1.1.2. Runoff coefficient (C).
the rate of runoff to rate of precipitation.
used to determine C values,

The runoff coefficient is a ratio of
The table below shall be

1

Runoff Coefficient, C and Percent Impervious

Land Use Average Range for Average SCS Curve
Runoff Runoff Percent Number
Coefficient | Coefficient Impervious |
Business
Downtown 0.87 0.70-0.95 95 92-94
Eeighbor- 0.81 0.5-0.7 85 92-94
00
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4

0
9

Residential
Single- 0.51 0.3-0.6 35 75-83
family
Multi- 0.66 0.4-0.8 60 85-90
family
Apartments 0.6 0.5-0.7 60 85-90
Churches g.75 0.7-0.9 75 88-92
and
schools
Industrial
Light 0.66 0.5-0.8 60 88-91
Heavy 0.78 0.6-0.9 80 88-91
Parks, 0.30 0.1-0.30 10 61-86
Cemet -
aries
Railroad 0.40 0.2-0.4 25 70-80
yard
Undeveloped 0.3 0.1-0.3 0 61-86
Impervious 0.9 0.8-0.95 100 98
Turf 0.3 0.1-0.3 0 61-86
Agricultural 0.3 0.1-0.3 0 61-91

I1.1,1.3 Rainfall Intensity. Intensity-duration-frequency curves are
tabulated in Table 1. The duration of the design storm shall be equal
to the time of concentration of the tributary area.

Time of concentration shall be calculated using the following formula:
T.=T + T,
Time of concentration

inlet time
Travel time

Where:

<

T
T
I

InTet time 1§ the time required for runoff to be conveyed from the most
remote location in the watershed to the channelized system. Inlet time
shall be calculated using the following formula:

T, = (1.8*(1.1-C)*D*")yssi

Rational method runoff coefficient
Overland flow distance (300 feet maximum)
Slope of tributary area in percent

Where: C
D
N)

Inlet time shall be greater than or equal to 5 minutes and less than 15
minutes.
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Travel time is the time required for runoff to be conveyed through the
channelized system within the watershed. Travel time shall be
calculated using Manning's equation. Travel time may include flow in
street gutters, swales, open channels, and enclosed pipe systems,

I1.1.2 Hydrograph Methods. Numerous hydrograph methods and computer
programs are available and it is not the intention of these criteria to
include an approved list. Developer shall use methods acceptable to the
City.

The design storm duration shall be of adequate length to evaluate the
entire watershed area. If detention/retention basins ara being
considered, the design storm duration shall be a minimum of 24 hours.
[f detention/retention basins are not being evaluated, the design storm
shall be of adequate length to calculate a peak flow rate assuming the
whole watershed is contributing runoff. Generally, the duration must
be greater than two times the time of concentration of the watershed.

The design storm distribution shall be acceptable to the City. A
composite storm developed from the intensity-duration-frequency curves
in Table 1 was used to estimate peak flows in the Stormwater Master Plan
and is shown in Table 2. Another widely used distribution is the SCS
Type Il distribution shown in Table 3.

I1.2. Drainage System Design
[1.2.1. Return Frequencies. Drainage system components shall be

designed to convey peak flow rates and volumes resulting from the
following design storm return frequencies:

Design Storm Return Frequencies

10 or 25 year Enclosed drainage systems
50 year Crossings of collector roads
100 year Open channels, crossings of

arterials, overflow channels, and
emergency spillways

[1.2.2 Capacities. Orainage system capacities shall be calculated as
follows.

[1.2.2.1. Gravity Flow Conditions. New enclosed drainage systems
shall be designed for gravity flow conditions. Capacity shall be
calculated using Manning's equation:

Q=(1.49%A*R*S+'E) /n
Where:

Q = Flow in cubic feet per second



BLACK & VEATCH

MEMORANDUM Page 6
Leavenworth, Kansas B&V Project 26529.110
Stormwater Master Plan May 28, 1999

Storm Drainage Design Criteria

A = Cross-sectional area of flow in square feet
R = Hydraulic radius which is the cross-sectional area
divided by the wetted perimeter in feet
S = Slope of the energy grade line in feet per feet
n = Manning's roughness coefficient, see below
Manning's Roughness Coefficient, n

Type of Channel n

Closed Conduits

Reinforced Concrete Pipe 0.013

Reinforce Concrete tlliptical 0.013

Pipe

22/3 x 1/2 inch Annular 0.024

Corrugations Metal Pipe, unpaved

22/3 x 1/2 inch Annular 0.021

Corrugations Metal Pipe, paved

invert

3 x 1 inch Annular Corrugations 0.027

Metal Pipe, unpaved

3 x 1 inch Annular Corrugations 0.023

Metal Pipe, paved invert

6 x 2 inch Annular Corrugations 0.033

Metal Pipe, unpaved

6 x 2 inch Annular Corrugations 0.028

Metal Pipe, paved invert

Vitrified Clay Pipe 0.013

Asbestos (ement Pipe 0.012

Stone Arch 0.025

Open Channels (Lined)

Gabions 0.025

Concrete trowel finish 0.013

Concrete float finish 0.015

Concrete, unfinished 0.017

Concrete, bottom float finished 0.017

with sides of Dressed Stone
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Concrete, bottom float finished 0.020
sides of Random Stone

Concrete, bottom float finished 0.025
sides of Cement Rubble masonry

Concrete, bottom float finished 0.030
sides of Dry Rubble or Riprap

Gravel bottom, sides of Random 0.023
Stone

Gravel bottom, sides of Riprap 0.030
Grass (Sod) 0.030
Riprap 0.035
Grouted Riprap 0.030
Open Channels (Unlined) Excavated

or Dredged

Earth, straight and uniform 0.027
Farth, winding and sluggish 0.035
Channels, not maintained, weeds 0.090
and brush uncut

Natural Stream

Clean stream, straight 0.030
Stream with pools, sluggish 0.100
reaches, heavy underbrush

Flood Plains

Grass, no brush 0.030
With some brush 0.090
Street Curbing 0.014

For materials or conditions not included above, refer to Chow's Qpen

Channel Hydraulics.

[1.2.2.3. Surcharge Systems. Existing systems may be evaluated for
surcharge conditions, if the following conditions are met:

1. The Hydraulic Grade Line (HGL) must be 0.5 feet below any
4 openings to the ground or street at all locations.
Q%wy 2. Pipe joints are capable of withstanding internal surcharge
pressure.
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Surcharge capacity shall be determined using Bernoulli's equation
accounting for friction losses and minor losses.

[1.2.3. Enclosed System Size Requirements. Minimum pipe diameter shall
be 15 inches.

Enclosed pipe systems shall be used to convey runoff when peak flows can
be conveyed in a 72 inch or smaller diameter concrete pipe. If larger
pipe sizes are required, flows can be conveyed either in an enclosed
system or open channels.

[1.2.3.1. Enclosed System Velocities. Velocities shall be a minimum of
3 feet per second and a maximum of 15 feet per second.

[1.2.3.2. OQutlet Velocities. The following tables shall be used to
determine allowable outlet velocities and erosion control requirements.

I1.2.3.2.1. Unimproved (Natural) Receiving Channels. Soil types in
Leavenworth are predominantly silty or clay loam, with some sandy loam,
For unimproved receiving channels, the following table shows allowable
veiocities.

Maximum Permissible Velocities for Unimproved Channels of Small Slope

Soil Type Manning's n Permissible Permissible
Clear Water Silty Water
Velocity, ft/s Velocity, ft/s

Silt loam, 0.020 2.00 3.00

noncolloidal

Stiff clay, 0.025 3.75 5.00

very colloidal

Sandy loam, 0.020 1.75 2.50

noncolloidal

Ordinary firm 0.020 2.50 3.50

loam

Alluvial silts, | 0.025 3.75 5.00

colloidatl

Shales and 0.025 6.00 6.00

hardpan

Fine sand, 0.020 1.50 2.50

colloidal

Fine gravel 0.0205 2.50 5.00
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Graded loam to
cobbles when
noncolloidal

0.030

3.75

5.00

Graded silts to
cobbles when
colioidal

0.030

4,00

5.50

Coarse gravel,
noncolloidal

0.025

4.00

6.00

Cobbles

0.035

5.00

5.50

Where outlet velocities exceed permissible velocities shown above,
energy dissipation or channel lining will be required.

11.2.3.2.2.
improved channe

Improved Receiving Channels.

determine permissible outlet velocities.

11.2.3.2.3.

Grass Lined

Grass

Permissible Velocities for Channels Lined with

Cover Slope Range, % Permissibie
Velocity, ft/s
Bermuda grass 0-5 6
5-10 5
>10 4
Buffalo grass, 0-5 5
Kentucky 5-10 4
bluegrass, >10 3
blue grama
Grass mixture 0-5 4
5-10 3
>10 do not use

[1.2.3.2.2.1.

Other Types of Channel Lining.

If the receiving stream is an
with Tining, the following tables shall be used to

This table provides

general guidelines for permissible outlet velocities for the various

types of channel lining.

specifically for the conditions encountered.

The 1ining material shall be designed

Permissible Velocities for Other Types of Channel Lining

Material

Permissible Velocity, ft/s

Riprap

5-10




BLACK & VEATCH

MEMORANDUM Page 10
Leavenworth, Kansas B&V Project 26529.110C
Stormwater Master Plan May 28, 1999

Storm Drainage Design Criteria

Grouted riprap, gabion revetment, | 10-15
or paved concrete

Paved concrete or sound in situ Over 15
bedrock

11.2.3.2.3 Easements. Permanent easements shall be dedicated to the
City for operation and maintenance of the storm drainage facilities.
tFasement width shall not be less than 15-feet, or the outside width of
the pipe or conveyance structure plus 10 feet; whichever is greater.
Easements shall be centered on the pipe. The City Engineer may require
wider easements when other utilities are located within the same
easement and/or when the depth of cover is greater than 4 feet.
Temporary construction easements of sufficient width to provide access
for construction shall be acquired when the proposed work is located in
areas developed ?rior to construction.

[1.2.3.3 Materials

Pipes shall be constructed of reinforced concrete unless otherwise
approved by the City.

[1.2.3.3.1. Pipe thickness. Thickness shall be determined based on
loading conditions,

11.2.3.3.2. Bedding. Pipe bedding shall be as recommended by pipe
manufacturer,

[1.2.3.3.3. Trenching and Backfill. Trenching and backfill shall be in
accordance with KDOT standards.

11.2.3.3.4., Cover. Minimum cover shall be 30 inches.

11.2.4. Open Channels. Open channel capacities shall be determined
using Manning's equation. Constrictions such as bridges and culverts
tend to create nonuniform flow conditions: and therefore, design of open
channels should include evaluation of backwater conditions. Backwater
conditions shall be evaluated using the standard-step backwater
procedure or computer models such as HEC-2, SWMM, or other models
acceptable to the City.

[1.2.4.1. Natural Channels. Drainage improvements may include the use
of unimproved natural channels provided the improvements do not
significantly alter peak flow rates, velocities, or alignment of the
channel, and the provisions of Section 11.2.3.1 are met. Existing
conditions and post development conditions shall be evaluated. [If peak
flow rates or velocities are increased significantly, an improved
channel shall be provided.

11.2.4.2. Improved Channels. Improved channels shall be used when
development will cause significant erosion in existing natural channels.
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11.2.4.2.1. Channel Lining. The allowable velocities summarized in
Section 2.2 shall apply to improved open channel design.

11.2.4.2.2. Side slopes. Side slopes for improved channels shall not
be steeper than:

1. 3 horizontal to 1 vertical for turf lining.

2. 2 horizontal to 1 vertical for other lining materials.

3. Flatter if necessary for slope stability.

11.2.4.2.2.1. Vertical walls. Channels shall be designed to avoid the
use of vertical walls, [If conditions require the use of vertical walls,
they shall be constructed of reinforced concrete, to act as retaining
walls, and provisions shall be made for access for maintenance equipment
and pedestrians,

11.2.4.2.3. Alignment Changes. Alignment changes shall be achieved by
a curve having a minimum radius of:

R = (V*W)/(8*D) where:

Minimum radius of curve along the center line in feet.
Design velocity of flow in feet per second

Width of channel at water surface in feet

Depth of flow in feet

o= <<

11.2.4.2.4. Freeboard. Channels shall be designed to provide one foot
of freeboard for the 100 year flow.

[1.2.4.3 CEasements. Permanent easements shall be dedicated to the City
for operation and maintenance of open channels.

A. Improved Open Channels. Easements shall be as wide as the top of
bank width; plus 10 feet on each side. Easements shall be
continuous between street right-of-ways. When an improved channel
begins or ends at a point other than the right-of-way of a dedicated
street, a 15-foot or wider easement graded so as to permit access by
truck shall be dedicated from the end of the channel to a street
right-of-way.

B. Natural Channels. Natural open channels easements shall be the
area between the lines of intersection of the natural ground with a
plane 12 inches above the design water surface, plus 10 feet
measured horizontally on each side thereof; however the width of the
easement shall not be less than 30 feet and the width shall be
increased if necessary to permit access by truck along the entire
length of the channel.

II1.2.5. Manholes and Junction Boxes.

I1.2.5.1. Location. Manholes or junction boxes shall be installed at
the following locations:

a. All changes in alignment and grade.
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b. Changes in conduit size.

¢. Branch connections.

d. Probable future connections,

e. Maximum spacing shall be 400 feet for 15 inch pipe, 500 feet for 18
to 36 inch pipe, 600 feet for 42 to 48 inch pipe, and 700 feet for 54
inch and larger pipe.

[11.2.5.2. Size. Minimum inside dimensions shall be as foliows:

feet for 24 inch or less diameter pipe.

feet for 27 to 36 inch diameter pipe.

feet for 42 to 48 inch diameter pipe.

. For larger diameter pipe, junction boxes shall be cast-in-place and
shall be detailed on the engineering plans.

aoow
AU

IT.2.6. Culverts.

11.2.6.1. Capacities. Culverts shall be evaluated for both inlet and
outlet control. Capacities shall be determined using Federal Highway
Administration nomographs or by other means acceptable to the City.

11.2.6.2. Headwalls, Endwalls, and End Sections. Headwalls, endwalls,
and/or end sections shall be installed to anchor the culvert and to
prevent erosion.

[1.2.6.3. Materials. C(Culverts shall be constructed of reinforced
concrete unless otherwise approved by the City.

IT1.2.6.4. Structural. Culverts shall be designed for the appropriate
loading conditions.

[1.2.6.5. Bedding. Proper bedding and foundation shall be provided.

IT.2.6.6. Trenching and Backfill. Trenching and backfill shall be in
accordance with KDOT standards.

I1.2.7. Inlets, Curbs, and Gutters
11.2.7.1. Allowable Spread. The following table shall be used to

determine the allowable spread of runoff in roadways for the appropriate
design storm event,

Allowable Spread

Type of Road Allowable Inundation
Residential and Lateral Maximum 6 inches deep at crown
Collector One lane open
Arterial and Highways One lane open each direction AJ
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[1.2.7.2. Curb Capacity. Curb capacity shall be calculated using
[zzard's formula:

Q=(0.56%z*S¥**D%3)/n where:
Flow in cubic feet per second
Reciprocal of the average cross-slope, including gutter
section, in feet per foot
Longitudinal slope of roadway in feet per foot
Depth of flow at curb face in feet

LT

Manning's "n

IOoOWwm NO

[1.2.7.3. Inlets. Inlets shall be designed according to Detail 1
unless otherwise approved by the City. Only curb opening type inlets
shall be permitted unless otherwise approved by the City.

11.2.7.3.1. Inlet Capacity. Inlet capacity shall be 80 percent of the
theoretical capacity provided in Tables 4-6 and/or Nomographs A through
D.

[1.2.7.3.2. Inlet Spacing. Maximum inlet spacing shall be 400 feet.

[1.2.7.3.4. Inlet Location. Inlets shall be located in sumps where
possible. Inlets shall be placed at intersections of cul-de-sacs.

11.2.7.3.5. Hydraulic Grade Line., The hydraulic grade line within the
storm drainage system shall be a minimum of 0.5 feet below the minimum
inlet opening elevation,

[1.2.8. Stormwater Detention. Detention storage can be provided in
lTieu of off-site drainage improvements. Storage shall be provided so

ﬁhat peg% discharge rates are equal to or less than those shown in the
aster an.

11.2.8.1. Size. Detention basin volume shall be determined by routing
a 24-hour design storm. An SCS Type 2 24-hour storm shall be the
required storm hyetograph,

[1.2.8.2. Principal Spillway. The principal spillway shall be designed
to function without requiring attendance or operation of any kind or
requiring use of equipment or tools, or any mechanical devices. At
least B0 percent of the detention storage volume shall be discharged
within 24 hours after the peak flow has entered the basin.

11.2.8.3. Emergency Spillway. The emergency spillway may either be
combined with the principal spillway or be a separate structure or
channel. Emergency spillways shall be designed so that their crest
elevation is 0.5 feet or more above the maximum water surface elevation
in the detention facility attained by the 100-year storm.

[1.2.8.4. Qutlet Works. Outlet works consisting of valves, gates,
pipes, and other devices as necessary to completely drain the facility
in 72 hours or less shall be provided.
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11.2.8.5. Access, Provision shall be made to permit access and use of
auxiliary equipment for maintenance,

[1.2.8.6. Underground Storage. Underground detention facilities shall
be designed with adequate access for maintenance, Such facilities shall
be provided with positive gravity outlets. Venting shall be provided.

References:
%éaﬁUrban Hydrology for Small Watersheds, Soil Conservation Service,

2. Section 5600 Storm Drainage Systems and Facilities Kansas City
ngsopo1itan Chapter of the American Public Works Association, March

3. City of Topeka Design Criteria and Drafting Standards, January 1993.
4., City of Lee's Summit Design and Construction Manual, September 1992.
5. KDOT idf curves

6. Standard Specifications for State Road and Bridge Construction,
Kansas Department of Transportation, 1990,

7. Hydraulic Design of Highway Culverts, Federal Highway
Administration, September 1985.
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Developed for the

Kansas Department of Transportation

by

Bruce M. McEnroe
John Patrick Jones

Department of Civil Engineering
University of Kansas
Lawrence, Kansas

These tables were developed from data published in Technical
Memorandum NWS HYDRO-35 for the U.S. National Weather Service

(Frederick et al. 1977) for durations of five (5) minutes through

60 minutes, and Technjical Paper No, 40 (TP-40) of the U.S. Weather

Bureau (Hershfield 1961) for longer durations as part of:

K-TRAN Research Program
Project KU-92-1

September, 1991



THIS TABLE CONTAINS AVERAGE RAINFALL INTENSITIES

DURATION,
HR:MIN

0:05
0:06
0:07
0:08
0:09
0:10
0:11
0:12
0:13
0:14
0:15
0:16
0:17
0:18
0:19
0:20
0:21
0:22
0:23
0:24
0:25
0:26
0:27
0:28
0:29
0:30
0:31
0:32
0:33
0:34
0:35
0:36
0:37
0:38
0:39
0:40
0:41
0:42
0:43
0:44
0:45

RAINFALL INTENSITY TABLE

LEAVENWORTH COUNTY
KANSAS

IN INCHES PER HOUR.

RETURN PERIOD
1 YR 2 YR 5 YR 10 YR 25 YR

4.63 5.40 6.48 7.26 8.41
4.40 5.15 6.20 6.96 8.08
4.22 4.94 5.97 6.71 7.79
4.05 4.76 5.76 6.48 7.53
3.91 4.59 5.56 6.26 7.28
3.78 4.44 5.38 6.05 7.04
3.66 4.30 5.20 5.86 6.81
3.54 4.16 5.04 5.67 6.60
3.44 4.04 4.89 5.50 6.39
3.33 3.92 4.74 5.34 6.21
3.23 3.80 4.61 5.19 6.04
3.13 3.69 4.48 5.05 5.88
3.04 3.59 4.36 4.92 5.74
2.95 3.49 4.25 4.80 5.60
2.86 3.39 4.15 4.69 5.48
2.78 3.30 4.05 4.58 5.36
2.70 3.22 3.96 4.48 5.25
2.63 3.14 3.87 4.39 5.14
2.56 3.06 3.78 4.30 5.04
2.49 2.99 3.70 4.21 4.94
2.43 2.92 3.63 4.13 4.85
2.37 2.85 3.56 4.05 4.76
2.31 2.79 3.49 3.98 4.68
2.26 2.73 3.42 3.90 4.60
2.21 2.67 3.36 3.84 4.52
2.16 2.62 3.29 3.77 4.45
2.11 2.57 3.24 3.70 4.37
2.07 2.52 3.18 3.64 4.30
2.03 2.47 3.13 3.58 4.24
1.99 2.43 3.07 3.53 4.17
1.95 2.38 3.02 3.47 4.11
1.91 2.34 2.97 3.42 4.05
1.88 2.30 2.93 3.36 3.99
1.85 2.26 2.88 3.31 3.93
1.81 2.23 2.84 3.26 3.87
1.78 2.19 2.80 3.22 3.82
1.75 2.16 2.75 3.17 3.76
1.73 2.12 2.71 3.13 3.71
1.70 2.09 2.68 3.08 3.66
1.67 2.06 2.64 3.04 3.61
1.65 2.03 2.60 3.00 3.56

50 YR

9.31
8.95
8.64
8.35
8.08
7.81
7.56
7.32
7.09
6.89
6.70
6.53
6.37
6.22
6.09
5.96
5.84
5.73
5.62
5.51
5.42
5.32
5.23
5.14
5.06
4.98
4.90
4.82
4.74
4.67
4.60
4.53
4.47
4.40
4.34
4.28
4.22
4.16
4.11
4.05
4.00

4.95




RAINFALL INTENSITY TABLE

X ; LEAVENWORTH COUNTY
: KANSAS

THIS TABLE CONTAINS AVERAGE RAINFALL INTENSITIES

ALBS IN INCHES PER HOUR.
DURATION, RETURN PERIOD
; HR:MIN 1 YR 2 YR 5 YR 10 YR 25 YR 50 YR 100 YR
YR 100

11 i 0:46 1.62 2.00 2.57 2.96 3.52 . 3.95 4.38
gz 0:47 1.60 1.97 2.53 2.92 3.47 3.90 4.32
YR B 0:48 1.58 1.95 2.50 2.88 3.42 3.85 4.27
‘a4 934 0:49 1.56 1.92 2.47 2.84 3.38 3.80 4.21
s 31 0:50 1.53 © 1.90 2.43 2.81 3.34 3.75 4.16
81 o 0:51 151 1.87 2.40 2.77 3.30 3.70 4.11
ss oM o:s2 1.49  1.85  2.37  2.74  3.26 3.66  4.06
e .. 0:53 1.48 1.82 2.34 2.70 3.22 3.61 4.01
- o) 0:54 1.46 1.80 232 2.67 3.18 3.57 3.96
39 M. o0:s5 l.44  1.78  2.29  2.64  3.14  3.53  3.91
20 53 i 0:56 1.42 1.76 2.26 2.61 3.10 3.49 3.87
: L 0:57 1.41 1.74 2.23 2.58 3.07 3.44 3.82
2 T o:ss 1.39  1.72 2.21  2.55  3.03  3.40  3.78
£ zﬂﬂgg 0:59 1.37  1.70  2.18  2.52  3.00 3,36  3.73
, ] 1:00 1.36 1.68 2.16 2.49 2.96 3,33 3.69
- g%‘:: 1:05 1.29  1.59  2.04  2.36 2.80  3.14  3.49
ol 1:10 1.23 1.51 1.94 2,23 2.65 2.98 3.30
3 g%} . 1:15 1.17  1.44  1.85  2.13  2.52  2.83  3.14
. smflr 1:20 112 1.38 1.76 2.03 2.40 2.70 2.99
: caf 1:25 1.08 1.32 1.68 1.94 2.30 2.58 2.85
5 s & 1:30 1.04 1.27 1.62 1.86 2.20 2.46 2.73
5 st 1:35 1.00 1.22 1.55 1.78 2.11  2.36 2.62
3 5@7 & 1:40 0.96 1.18 1.49 1.71 2.03 2427 2351
; S@ﬁ . 1:48 0.93 1.14 1.44 1.65 1.95 2.19 2.42
: smift  1:s0 0.90 1.10 1.39 1.59 1.88 2.11 2.33
: st 1:55 0.87 1.06 1.34 1.54 1.82 2.04 2.25
: 5 . 2:00 0.85 1.03 1.30 1.49 1.76 1.97 2.18
@i 2:05 0.82 1.00 1.26 1.44 1.71 1,92 2.11
. 2:10 0.80 0.97 1.22 1.40 1.66 1,85 2.05
G 2:15 0.77 0.94 1.19 1.36 1.61 1.80 1.99
L 2:20 0.75 0.92 1.16 1.:32 1.56 1.75 1.94
B2 2:25 0.73 0.89 112 1.29 1.52 1.71 1.89
f 2230 0.71 0.87 1.10 1.26 1.48 1.66 1.84
$3 2:35 0.69 0.85 1.07 1.22 1.45 1.62 1.79
M 2:40 0.68 0.82 1.04 1.20 1.41 1.58 1.75
2f. 2345 0.66 0.80 1.02 117 1.38 1.55 1..7E
Al 2:50 0.64 0.79 0.99 1:14 1.35 1.51 .67
. 2:55 0.63 077 0.97 1.12 1.32 1.48 1.64
3:00 0.61 0.75 0.95 1.09 1729 1.45 1.60



RAINFALL INTENSITY TABLE
LEAVENWORTH COUNTY
KANSAS
THIS TABLE CONTAINS AVERAGE RAINFALL INTENSITIES
IN INCHES PER HOUR.

DURATION, RETURN PERIOD
HR:MIN 1 ¥R 2 YR 5 YR 10 YR 25 YR 50 YR 100 yp
3:15 0.57 0.70 0.89 1.03 1.22 1.36 1.5,
3:30 0.54 0.66 0.84 0.97 1.15 1.29 1l.43
3:45 0.51 0.63 0.80 0.92 1.09 1.22 1.35
4:00 0.48 0.60 0.76 0.87 1.04 1.16 1.29
4:15 0.46 0.57 0.72 0.83 0.99 1.11 1.2
4:30 0.44 0.54 0.69 0.80 0.95 1.06 l.18
4:45 0.42 0.52 0.66 0.77 0.91 1.02 1.13
5:00 0.40 0.50 0.64 0.74 0.87 0.98 1.09
5:15 0.39 0.48 0.61 0.71 0.84 0.95 1.05
5:30 0.37 0.46 0.59 0.68 0.81 0.91 1.01
5:45 0.36 0.45 0.57 0.66 0.79 0.88 0.98
6:00 0.35 0.43 0.56 0.64 0.76 0.86 0.95
6:30 0.33 0.41 0.52 0.60 0.72 0.81 0.90
7:00 0.31 0.38 0.49 0.57 0.68 0.76 0.85
7:30 0.29 0.36 0.47 0.54 0.65 0.73 0.81
8:00 0.28 0.35 0.45 0.52 0.62 0.69 0.77
8:30 0.27 0.33 0.43 0.49 0.59 0.66 0.74
9:00 0.26 0.32 0.41 0.47 0.57 0.64 0.71
9:30 0.25 0.31 0.39 0.46 0.54 0.61 0.68
10:00 0.24 0.29 0.38 0.44 0.52 0.59 0.65
10:30 0.23 0.28 0.37 0.42 0.50 0.57 0.63
11:00 0.22 0.27 0.35 0.41 0.49 0.55 0.61
11:30 0.21 0.26 0.34 0.39 0.47 0.53 0.59
12:00 0.20 0.25 0.33 0.38 0.45 0.51 0.57
13:00 0.19 0.24 0.31 0.36 0.43 0.48 0.53
14:00 0.18 0.23 0.29 0.34 0.40 0.45 0.50
15:00 0.17 0.21 0.28 0.32 0.38 0.43 0.47
16:00 0.16 0.20 0.26 0.30 0.36 0.41 0.45
17:00 0.15 0.19 0.25 0.29 0.34 0.39 0.43
18:00 0.15 0.18 0.24 0.27 0.33 0.37 0.41
19:00 0.14 0.18 0.23 0.26 0.31 0.35 0.39
20:00 0.13 0.17 0.22 0.25 0.30 0.34 0.37
21:00 0.13 0.16 0.21 0.24 0.29 0.32 0.36
22:00 0.12 0.15 0.20 0.23 0.28 0.31 0.34
23:00 0.12 0.15 0.19 0.22 0.27 0.30 0.33
24:00 0.12 0.14 0.19 0.21 0.26 0.29 0.32




BLACK & VEATCH

MEMORANDUM

Leavenworth, Kansas B&V Project 26529.110
Stormwater Master Plan B&V File W
New Development Plan Review Criteria May 24, 1999
To: Mike McDonald

From: Jeff Henson

New Development Plan Review Policies and Procedures

I. OBJECTIVE

This document 1ists the policies and procedures to be used by the City
in reviewing drainage plans associated with new developments. A new
development is defined as a tract of land containing four (4) or more
lots to be developed.

IT. POLICIES

The following policies relating to storm drainage were adopted by the
g?ty as part of the development of a Stormwater Master Plan (Master
an),

I1.1. A drainage report must be submitted by a Rrofessiona] engineer
reg%sgered in the State of Kansas. The report snhall be signed and
sealed.

[T.2. New Development plans shall include plans for the conveyance of
stormwater and shall be signed and sealed by a professional engineer
registered in the State of Kansas. The stormwater facilities shall be
designed in accordance with design criteria set forth in "Drainage
Criteria Manual, City of Leavenworth, Kansas," (Design Criteria)
developed as part of the Master Plan.

I1.3. Easements for drainage shall be granted to the City for access to
underground drainage improvements and along open channels where the flow
is greater than which could be conveyed by a 72 inch diameter pipe.
Minimum easement requirements are listed in the Design Criteria.

IT.4. Curbs and gutters shall be provided on all new roadways.
I11.5., O0Off-site drainage improvements or detention storage shall be
provided if peak flow rates resulting from the new development are
greater than those shown in the Master Plan.

[1.6. Underground drainage systems shall be installed in all areas
where the flow can be contained in a 72 inch diameter pipe.

I[1.7. Systems shall be designed to address State and Federal
regulations regarding stormwater quality.

ITI. PLAN REVIEW PROCEDURES

As part of the site plan approval process, Drainage Plans shall be
reviewed by the Engineering staff. The drainage plan submittal shall
consist of a Drainage Report and Drainage System Plans.

IIT.1. Drainage Report. The drainage report shall be submitted by the
developer and it shall be signed and sealed by a professional engineer
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in the State of Kansas. The Drainage Report shall consist of the
following:

[T1.1.1. Assumptions. A listing of the assumptions used in calculation
of peak runoff rates and capacities of the proposed system and the
existing receiving system.

itlr.1.2. Topographic Map. A topographic map showing the location of
the site. The map shall include a plan of the existing surface
features; the proposed development; the proposed drainage system
locetion, size, and capacity; the existing receiving system location,
size, and capacity; delineation of tributary areas to points of
concentration in the drainage system; and delineation of individual lot
drainage patterns. The map shall be at a scale of 1"=100" with 2 foot
ground elevation contour lines.

IT1.1.3. Watershed Information. A table showing the land use, soil
type, area, and slope of each tributary area.

I1T.1.4. Runoff Information. Tables summarizing the runoff
characteristics shall be provided. The Rational method shall be used
for estimating peak runoff for areas less than 300 acres. A hydrograph
method for estimating peak runoff shall be used for areas larger than
300 acres. Computer modeis such as TR-55, TR-20, HEC-1, or SHMM are
acceptable.

[T1.1.4.1. Rational Method Runoff Information. A table shall be
provided showing the Rational method calculations including: cumulative
area to the point of concentration, cumulative C value, time of
concentration, rainfall intensity, and peak flow rate, drainage system
size, and drainage system capacity. These calculations should be
provided for both the pre-development and post-development conditions.

I11.1.4.2. Hydrograph Method Runoff Information. A table shall be
provided showing the runoff information including: drainage areas to
each point of concentration, cumulative percent impervious, time of
concentration for the watershed, design storm, peak flow rates, drainage
system size, and drainage system capacity. These calculations should be
provided for both the pre-development and post-development conditions.

[11.1.5. Receiving System Information. A comparison of the ultimate
development peak flow rate shown in the Master Plan versus the peak flow
rate calculated in the report should be made. If the new development
increases peak flows above those shown in the Master Plan, then off-site
drainage improvements or a detention basin will be required.

I11.1.5.1. 0Off-Site Drainage. Off-site drainage improvements required
in section II1.1.5. shall be identified in the Drainage Report. A
topographic map, watershed information, and runoff information shall be
provided for off-site drainage improvements in accordance with sections
IIT.1.1. through I1I1.1.4,
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I11.1.5.2. Detention Storage. Detention storage can be provided in
lieu of off-site drainage improvements, Storage shall be provided so
that peak discharge rates are equal to or less than those shown in the
Master Plan. A topographic map meeting the requirements of 111.1.2
shall be included. Additional items shall include stage-storage-
discharge curves, inflow and outflow hydrographs, and spillway
configuration and capacity.

I11.2. Drainage System Plans. Plan and profile of the drainage system
shall be submitted. The drainage system drawings shall be in
conformance with the following.

Plan: l-inch = 50-feet
Profile:
Yertical: l-inch = 10-feet
Horizontal: l1-inch = 50-feet
Cross-Sections:
Vertical: l-inch = 10-feet
Horizontal: l-inch = 50-feet

I11.3. City Review. Drainage Plans shall be reviewed by Engineering
staff. Comments shall be provided to the developer within 60 days of
receipt. Building permits shall not be granted until final approval of
the Drainage Plans is obtained.

11T1.4. Construction Inspection, City building inspectors shall verify
that the drainage system and site grading are constructed according to
p;ané. Any changes in the plan during construction shall be approved by
the City.

I[T1.5. Permit to Occupy. The developer must show proof that the
drainage system and site grading were constructed in accordance with
plans to receive the permit to occupy. Proof shall consist of a final
site survey including spot elevation checks. Verification of any
changes to the plans during construction shall also be submitted with
the final site survey and shall show altered drainage patterns.

Comments shall be provided to the developer within 30 days of receipt of
the final site survey.
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- Table 4
QW CURB INLET CAPACITY
FOR .
12.0-FOOT GUTTER SPREAD

GUTTERR GUTTER CURB [NLET DESIGN CAPACITY
SLOFEIN CAPACITY CF.S. FOR INLET UENGTH
PERCENT CFS. 4FOOT 5SFOOT 6FOOT SFOOT 10FOOT 1FOOT LFOQT

0.5 7 G G G G G G G
1 3.7 G G G G G G G
2 5.3 33 G G G G G G
3 6.5 5.4 5.6 5.7 G G G G
4 7.5 5.4 5.9 60 6.8 7.1 7.3 7.4
6 9.1 5.6 6.4 6.5 7.4 8.1 8.5 8.9
8 10.6 5.7 6.8 6.9 8.0 9.0 9.4 5.8

10 118 6.4 7.2 7.9 9.1 10.1 106 11.1
12 129 7.1 7.9 86 100 11.2 11.7 122
14 14.0 7.6 8.6 9.4 108 121 12,7 13.2

NOTES & REFERENCES:

1. Inlet capacities derived from “The Design of Stormwater Inlets”
Johns Hopkins University, 1956

2 Gutter capacity calculated by [zzard’s Equation

3. Inlet capacity is for ¥ per foot street crown and inlet throat and transi-
tion geometry per Figure 8-0

4. Gutter deflectors are required for inlets un slopes of 4 percent and
steeper.

5. Linear interpolation within the range of the table is permitted for slopes
and corresponding capacities not shown.

6. Reduce above theoretical capadities by 20% for clogging allowance per
Section 5603.1.8.

7. “G” indicates inlet capacity is greater than gutter capacity and the 20%
capacity reduction is not required.

From Kansas City Metropolitan Chapter of the
American Public Works Association
%‘/ Section 5600 Storm Drainage Systems and Facilities
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Table 5
CURB INLET CAPACITY
FOR
11.5-FOOT GUTTER SPREAD

GUTTER GUTTER CURB INLET DESIGN CAPACITY
SLOPEIN CAPACITY CFS. FOR INLET LENGTH
PERCENT CFS. 4{FOOT 3FOOT 6FOOT SFOOT 10FOOT U FOOT L FOQT

0.5 2.4 G G G G G G G
1 3.3 G G G G G G G
2 4.7 G G G G G G G
3 57 5.5 G G G G G G
4 6.6 53 5.9 6.0 6.3 6.6 6.6 6.6
6 8.1 5.1 6.1 6.5 7.2 79 8.1 8.1
8 9.4 5.7 6.3 6.9 8.0 8.9 9.1 9.2

16 105 6.3 7.0 7.7 8.9 %9 101 103
12 115 6.9 7.7 8.4 9.7 108 111 114
14 124 7.6 8.5 93 108 120 124 124

NOTES & REFERENCES:

1. [nlet capadities derived from “The Design of Stormwater Iniéts”
Johns Hopkins University, 1956

2. Gutter capadity calculated by [zzard’s Equation

3. Inlet capadity is for %" per foot street ccown and inlet throat and transi-
tion geometry per Figure 80

: 4. Gutter deflectors are required for inlets on slopes of 4 percent and
steeper.

5. Linear interpolation within the range of the table is permitted for slopes
-and corresponding capacities not shown.

6. Reduce above theoretical capadties by 20% for clogging allowance per
Section 5603.1.B.

7. “G” indicates inlet capacity is greater than gutter capacity and the 20%
capadity reduction is not required.

From Kansas City Metropolitan Chapter of the
American Public Works Association
Section 5600 Storm Drainage Systems and Facilities
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Table 6
CURB INLET CAPACITY
FOR
10.5-FOOT GUTTER SPREAD

GUTTER GUTTRR CURS INLET DESIGN CAPACITY
SIOPEIN CAPACTTY CF.S. FOR INLET LENGTH
PRRGNT CFS. 4FOOT 3SFOOT 6FOOT SFOOT WEFCOT 11FOOT LR FOOT

0.5 1.8 G G G G G G G
1 2.6 G G G G G G G

2 3.7 G G G G G G G

3 +.5 G G G G G G G

4 5.1 4.6 4.8 5.1 G G G G

6 6.3 4.9 5.3 5.7 6.3 7.2 G G

8 7.3 5.1 5.7 6.3 7.2 G G G
10 8.2 5.9 6.6 7.2 8.1 G G G
12 8.9 6.3 7.1 7.8 8.9 G G G
14 9.6 6.9 7.7 8.4 9.6 G G G

NOTES & REFERENCES:

1. Inlet capacities derived from “The Design of Stormwater Inlets”
Johns Hopkins University, 1956

L Gutter capacity calculated by [zzard’s Equation

3. Inlet capadity is for V4" per foot street crown and inlet throat and transi-
tion geometry per Figure 8-0

4. Gutter deflectors are required for inlets on slopes of 4 percent and
steeper.

Linear interpolation within the range of the table is permitted ‘or slopes
and corresponding capacities not shown.

w

6. Reduce above theoretical capadities by 20% for clogging allowance per
Section 5603.1.B.

7. “G” indicates inlet capadty is greater than gutter capadty and the 20%
capadity reduction is not required.

From Kansas City Metropolitan Chapter of the
American Public Works Association
Section 5600 Storm Drainage Systems and Facilities
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