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City of Wichita
What 6s New

12/7/2010

Design Storms amec”

Land Use

Residential and Public Park Areg%
General Commercial Argas
Areas

IndustrialSweg ‘ 5-10 years
ngh\ @ ntow usmess 5.10 years
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Roadway Protection amec”

Street
Classification e Ewr@b
Local No curb i ss crown.
Collector No curb \v pP ng. One 806 |
a in One 80 t
(D must l@ freem e o
Expressways an xﬂ rmmg Encroachment on travel lanes not
Freeways § peimitted”

7 wienin
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Street Flow Criteria amec®

Type |

A Manni maughsiess v :@:

used for asphalt and concretse
Type IA

Arhe standard road and ¢ i

3/8oper foot or 0.031 ft/ft B
Type Il

Aocal inlet data is provided @

Inlet Data amec®
Type | Type IA Type Il
Single | Double | Triple | Single | Double | Triple | Single | Double | Triple
h | Curb Orifice Height (in| 6 6 5
L [cubweirtengh(y| 5 | 10 | 15 | 5 [ 10 [ 15 | 2 | 4 | 6
A |curbopeningareat| 25 | 5 | 75 | 25 | 5 | 7.5 | 083 ] 1.67 | 250
| | Grate Type N/A N/A Curved Vane
| | Grate Width (ft) N/A N/A 1.17
|L_ | Grate Length (ft) N/A N/A 23 | 46 | 69
|A_| Grate Area3it N/A N/A 14 | 28 | 42
|P_ | Grate Perimeter (ft) N/A N/A 46 | 69 | 9.2
|2 [Local Depression (in) 2 4 2
1Sy, | GutteCross Slope (ft/ 0.031 0.031 0.031
Sy |RoadCross Slope (ft/ft) 0.031 0.031 0.031
(W | Effective Gutter Width| 1.83 417 1.83

Inlet Spreadsheets amec®

- Cu Grade2.xs 2 CurblnletSagl XLS
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FHWA H¥®2 amec”

WA Urban Drainage Design

Inlets on Grade  Guter Flow Perameters
€ Grete it
€ Curb-Opening Inlet
1. Longiudinal Slope 00700}
b 5B (D € Slotted Drain Inlet
2. Pavement Cross-Slope (i)  Gurb-Gpering, Grete et
3. Gutter Cross-Slope (f)  Slotted Droin. Grote Inlet
& UELIEECLEL] EXTM ¢, Opening Grate Inlet
5. Gutter Width (i W i ) 16
5. Local Gutter Depression () GreteLengh () EES)
o TreciGee
i (STEiep (E) B % el g P76
8. Width of Spread (f) s | 2 Porallel Bor P-1-1/8
£ Cub Opning licioncs 0.2 plehe ey
G Intercepted Flow oy ——— 3 EuE
5 PoralelBor P17/
Qb By Pars Flow 20 ©Englsh & Rt
€ Metric 7. Reticuline.
& rin | CuttrOpening Len () IENTY
letEficensy D2}
Please sriersther st Langh or
et Efciency (0 <E<1) butnat both
it on 5oy ] Wedion Tnet:
2

Channel Design amec”

Design storm WSE A

Slopy 1-yr WSE

— 1, 4:1 max. slope

—| |~— 4'min. and 10' max.

Bench (min. 2%
cross slope)

Auxiliary channel
self cleaning for
the 1-year storm

“wichim

Channel Stability amec®

Chooseleither

[ 1 |
Shear Stress, | P
Lining Category Lining Type ) Velocity
(Ib/ft?) (ft/s)
Grass with easily erodible _ 2
soil (sands and silts) p=S0n J
Grass Grass with average soil _ P
(good stand) erodibility (silty clays) Tp= 1250 v
Grass with erosion- _ p
resistant soil (clays) =2 s
Fine sand
Unlined Coarse sand 4
silt 2




Riprap Protection amec”

The equation for permissible velocity in riprapped channels is provided in Equation 5-
2

V =1230,, 2

where:
Vv = velocity, ft/s
Dy, = median equivalent spherical diameter of riprap, ft

S wienn

12/06/2010

Channel Desig
Spreadshee

Pipe Network Criteria amec®

AGL shall not exceed the ground @%‘% the
design storm.

MDrops through manho boxes for storm
sewer design set @ of thumb

A:or concrete imum clearance of one foot

re e top of the outside diameter of
he bottom of base course.
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Pipe Slopes and Velocities  amec®

sl Maximum Allowable d, S ” d, ST
Velocity (ft/s) inches S ches %
(;\:llljlr‘;faret) B 12 |\ {5t 011
Storm Drains g A= 42 0.1
18 N %03 48 0.08

Inlet laterals)
Storm Drains 15 A K‘ 0.24 54 0.07
(Collectors) ( %4 0.2 60 0.06
Storm Drains m \ ’ 27 0.17 66 0.05
(Mains) A | 30 0.15 72 0.05
\J 33 013 84 0.04
36 0.12 96 0.03

= wicnin

Structure Losses amec®

Structure K
Configuration @
Inlet-straight run 0.5
Inlet-angled through
90°

.25

= wicnin

Manhole Spacing amec®

Pipe Size Maxi ‘%)
inches
18 an 300
all I

4 any lar 400

A




Opuons Tor simple Pipe
Network Analysis amec”

AEPASWMM

A Proprietary software must be
approved by Stormwater
Department

A e.g.HydraflowStorm
Sewers etc.
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A NIajor ConSIaeraton 1 a
Flat Area amec

ATake into account tailwater effects!

AckKAa Aa y2G GKS al

S0\ !h'
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A Viajor Consideration n a
Flat Area amec

AX a GKAaA
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Public Culverts amec®

AvQ 2F FTNBSo62I NR
i for design storm at private roads/driveways
i for the 1008yr storm at public roadways
A Tailwater must be taken into consideration
A Self cleaning by maintaining 2.5 ft/s foiyf.storm
1 unless tailwater constrained
A Outlet protection required to prevent scour
AHY¥8 highly recommended !
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EHY—8 Results | amec®

Total Rating Curve (Performance)
Crossing
13507 . . . "

o £ - e
108 - Y
- — 1 21358 -

6000 8000 10000

4000
Total Discharge [ofs)
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Outlet Protection Design amec®
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amec®

City of Wichita

BMP Overview

12/7/2010

12/06/2010

amec®

Storm Water Policies

(1.3)

N T

= wiwin

Remember T
Integrated Design Approach amec®

Extreme
Flood Protection

Overbank Flood
Protection

Channel Protection

Water Quality
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ISD Steps amec®

Steps Approach

Step 1: The Water Quality Protection Volume (WQ,) is the volume of runoff from the]
ater Quality development as a result of a 1.26storm. This volume must be treated to remove

[Protection 80% of the total suspended solids.

The Channel Protection Volume (CP,) is the volume of temporary detention|
required to detain the development site runoff for a 2.80rainfall for a minimum of 24
hours to prevent increased long-term downstream channel erosion.

Step 2:
[Channel Protection

Step 3: On-site conveyances must be designed to convey their applicable design rain
On-Site Storm Water |events through the project while providing adequate flooding protection for the 100:
[Conveyance year rain event.

Principal and emergency storm water controls must be designed to ensure that thej
post-development peak discharges for the 2-year through 100-year, 24-hour rain|
events do not exceed pre-development values at the project boundary.

Step 4:
[Flood Protection

Principal and emergency storm water controls must be designed to ensure that the

Step 5: post-development peak discharges for the 2-year through 100-year, 24-hour rain|
[Downstream
Assessment events do not exceed pre-development values downstream to the point that the

project makes up 10% of the watershed.

I
&) 4
N =
“ WICHITR
Use BMPs from the menu to Structural Control | TSS Removal
B Storm Water Pond 80
attain 80% TSS removal Conventional Dry Detention
Pond a
Dry Extended Detention Pond 60
Underground Dry Detention a
Enhanced Dry Swale 90
Grass Channel 50
Infiltration Trench 90
Soakage Trench 90
Filter Strip 50
Surface Sand Filter 80
Organic Filter 80
Bioretention Area 85
Storm Water Wetland 75
Proprietary Treatment c
Gravity Separator c
Alum Treatment 90
Green Roof e
Modular Porous Paver System f
Porous Pavement f
i
" wicnm

BMPs in Parallel gt o
(11.3.1.7.2)

4 Two subbasins drain to separate BMPs
4 Discharge from the BMPs is combined (&) B with TSS1 | B1P with TS 52
before leaving the site

Ef5 T55 afthe Train

> (TSSA +TSSA, +..+TSSA,)
z;(ﬂi+ A+.+A)

TS%ain:

10



Using Controls in Series

Watel  mump Channel mmmp OVerbank mmep Extreme

Quality | Protection l Flooding I Flo’d\
A Stormyratzr Pands [ Stonmise Watlnds
8 Qiiigr GA Control Eitzndzd Dt Dgiznilon
c : = - 20
D) [LAConug)| GAConirg]  Egtendzd Dat. Dstention
E ﬁ’l‘ﬁyh LA Corigg ~ wived Ustantlur Fluodgkin Ugmt
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BMPs in Series

(11.3.1.7.3)

A The drainage from a subbasin is treated by
BMP 1

A

Discharge from BMP 1 is further treated by
BMP 2 before leaving the site

e
=

) EP with TSS1

i

e EMP with TEE2

1242 TS5 of the Train

TSSun =TS§ +TSS, - 7(“31;;33)

BMPs in Flow-Thru
(1.3.1.7.4)

The drainage from a sul
BMP 1

Discharge from BMP 1

drainage from subbasin 2 before treatment

by BMP 2

TSSA +TSSA, +

bbasin is treated by

is combined with

s | BMP with TS31

BMP with TSS2

=47 T58 ofthe Train

TSSA €00-TSS

100

TSSain=

A+h

11



amec®

Channel Protection Volume

(I.4.1.4)

a [{1M]

12/06/2010

amec®

Concept: Channel Protection Volume

Method: Extend the detention of the 1-year, 24-hour
duration storm event runoff to 24 hours.

How: Provide a small outlet and sufficient basin
volume to store the required amount of
detention, referred to as the Channel
Protection Volume (CPv).

Result: The frequency and duration of erosive flows for
the critical channel forming events are significantly
decreased.

© BICHITR

amec®

In other words:

delay the runoff from the 1-year 24-hour duration storm, to

release that volume over a longer than normal period of time

to decrease the duration and frequency of channel-forming

erosive flows downstream.

12
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amec®

Center of Mass Method

The 24-hour extended detention (ED) time is
defined as the time between the centers of
mass (or centroids) of the basin inflow and

outflow hydrographs.

amec®

Flow

Center of Mass Method

ED

Basip OUfﬂoW

Basin Inflow

@cm

Time

) B
W ). =

s %)
= WIcHim

amec®

The orifice size is selected such that the ED time is
approximately 24 hours.

The orifice is sized accordingly by routing.

The resulting maximum basin volume equals CPv.

=N B
)

wicHITh

13



Flow

amec®

Channel Protection Volume, CPv

24 hours

12/06/2010

amec®

Two common methods of analysis for
determining CPv and orifice size:

Simplified: Use adaptations of NRCS TR-55
method to develop a preliminary estimate of
CPv and CPv orifice requirements.

Model: Vary basin layout and CPv orifice size
in a hydrologic model until ED time equals
approximately 24 hours.

amec®

Simplified Method (for Preliminary Sizing)

Estimate the peak inflow, peak outflow, and CPv using an
adaptation of the NRCS TR-55 methods developed by
Harrington

Using the basin elevation-volume data and CPv, estimate

the basin CPv water surface elevation (and consequently
maximum head on orifice) at top of CPv pool

Using peak outflow and maximum head on orifice,
estimate required size of CPv orifice

14



amec®

Modeling Method (for Final Design)

Compute 1-year, 24-hour inflow hydrograph

. Compute outflow hydrograph for various basin configurations and
sizes of control orifices

. Determine centers of mass (or centroids) of inflow and outflow
hydrographs

Select basin configuration and orifice size that provides

approximately 24 hours of extended detention

12/06/2010

amec®

Inourexample, we | Imodekng methhde

Example amec”

R Use NRCS/SCS methodology

R 25-acredrainage area

R A Soils (to show maximum difference)
14% impervious pre-development

70% impervious post-development

R Pre-and post development Lag Times
=16 and 8 minutes, respectively

R Meteorology: 1-yr, 24-hrevent= 2.8 inches, Type Il
24-hour NRCS rainfall distribution

a [1{11]

15



Example

R Per manent wet WQv

R Peak flow control for 2, 5, 10, 25, and
100-yr, 24-hr events

amec®

R Basin area= 0.75 acres (vertical for simplicity)

pool (r

12/06/2010

Wet Extended Detention

amec®

(Schematiconly)

Dry Extended Detention

amec®

(Schematiconly)

16



Simple HEC-HMS hydrologic model
with CPv included in detention basin

12/06/2010

Inflow and Outflow Hydrographs

Center of Mass Detention = 26158 hours

60 ‘ ‘
50 T T T T
target CPvED = 24 hours for this rialusinga 0.1 s ft
40 i CPVED = 25 hour: igh; OK
" |
20+
10 +
0+ !
40 60 80 100 120 140

amec®

17



amec®

Provide 0.1 sq ft CPv orifice (which over-controls 2 and 5-yr peak flows)
and additional peak flow control orifices at higher stages for larger events

Depth Volume
above above WQv,
Tr, yr WQu, ft ac-ft

R T TH] |

12/06/2010

amec®

Structural Best Management Practices

11.3

Structural Control Selection @mec”

Step 1 -- Overall Applicability
A Stormwater Treatment Suitability
T Ability to treat/control Unified Stormwater
Sizing criteria (WQCR, Q.5 Q)
A Water Quality Performance

i Ability to provide removal of
TSS, Nutrients, and Bacteria

i Ability to accept hotspot runoff

= M
D !ll
W) ==

S o

18



Structural Control Selection amec”

Step 1 -- Overall Applicability
A Site Applicability
i Drainage area minimum / maximum
i Space required (space consumed)
i Slope requirements
i Minimum head

I Groundwater protection
A Implementation Considerations /

12/06/2010
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Structural Control Selection @mec”

Step 2 -- Specific Criteria

A Physiographic Factors
A Soils

A Special Watershed or Stream
Considerations

19
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Structural Control Selection @mec”
Step 3 -- Location and Permitting

A Jurisdictional Waters and Weﬂtnds
A Groundwater Protection Q"
A Floodplains 9‘\’

A Buffer Requir
A Utilitie o@l Structures, Wells, Septic

11.3 provides detailed BMP design guidance amecO

321 Storm Water Pond P i

20



Bef ore we get startedé
What is a sediment forebay? ameCO
A Required for many types of structural BMPs
A Settles coarse sediments
A Less frequent and costly maintenance
i Many designers choose to pave the forebay for easy cleanoy
A Extends time between cleanouts for main BMP

i This is especially important for easily clogged BMPs like san
filters and wetlands

A 0.1-inches storage per impervious acre
A Can be within the larger BMP
A Counts toward WQv

a [{1M]

12/06/2010

Embankment Details amec®

A 5:1 or flatter side slopes preferred
i at least one side must be 3:1 or flatter for access
A Must meet Kansas dam safety regulations where applicable

ASsafety bench is required for area
than 5:1

i maximum slope of the bench is 10%
Embankment must be 100% vegetated and stable
No woody vegetation within 1506 of
Bottom must be sloped to drain completely
Mini mum of 16 freeboard above max

o o o I

© BICHITR

Riser Details amec®

A All structures must be designed to prohibit access by
children

A Drawdown gates must be provided for BMPs with a
permanent or extended detention pool to allow
maintenance and for safety reasons

A Inlet protection is required for small (e.g. WQv and CPv)
orifices

A Anti-seep collars required for outlet pipes

21



Inlet Protection amec®

™~
3
iitiiii

12/06/2010

Groundwater Protection amec®
xz mini mum 56 for facilitie

Groundwater Protection amec®
xz mini mum 26 for |ined facil

22



Mosquito Control amec®

AMaintenance is key\
A Design features

Drain within 72 hours oIS

Drawdown gate / >

Predator habitat

Mosquito fish
Aeration

¢\

\ ) =~
Ny 2/

SEE wicnm

12/06/2010

Maintenance Access amec®

A Provide a 20 foot wide maintenance right-of-way
easement, extending to the facility from a public
or private road

A Maintain a maximum slope of less than or equal
to 10%, stabilized to withstand heavy equipment

Dry Extended Detention Basins (11.3.2.2) amec”

A 60% TSS removal rate

A Suitable for most sites

A Familiar and easy to maintain

A Can be designed for WQv, CPv and peak flow control
A Minimum length:width ratio of 1.5:1

23



amec®

EMERGENCY
SPILLWAY

RIPRAP

INFLOY, 0.1 FT. MINIMUM
— TOP OF EMBANKMENT
11.0 FT. MINIMUM FREEBOARD

MAXIMUM DESIGN

= WATER SURFACE 1 EMBANKMENT
¥ CPVLEVEL i)

STABLE

/ OUTFALL

PROFILE

FOREBAY

12/06/2010

Storm Water Ponds (11.3.2.1) amec®

A 80% TSS removal rate
4 Can be an amenity if properly maintained
4 Can be designed for WQv, CPv and peak flow control
A >25 acres drainage area
A Wet pool must be maintained
i HSG type C/D soils
i Liner
i High water table
A WQu is contained in a wet pool
A Minimum length:width ratio of 1.5:1

\! 'J/ =

7 wienim

Sediment
Forebay

Permanent

7 Pool

\

Drain Gate

24



Wet Basin Riser amec®

TOP OF EMBANKMENT

1.0 FT. MINIMUM 0.1 FT. MINIMUM

FREEBOARD J

MAXIMUM DESIGN i e R
= WATER SURFACE 1 N \
1 EMERGENCY
v CPv SPILLWAY
HOOD/TRASH RACK/
E

PERM. POOL SKIMMER
avd /MULTIVSTAGE RISER
BARREL
& woviever
I 2
REVERSE-SLOPE
PIPE w/ VALVE T~
POND DRAIN anTi-seep
Wi VALVE

e

12/06/2010

Stormwater Wetlands (11.3.2.11) amec®

75% TSS removal rate
A Habitat for wildlife
» Can be designed for WQv, CPv and peak flow control
4 Can become a nuisance if not maintained properly
4 Wet pool must be maintained
i HSG type C/D soils
i Liner
i High water table
4 Wetland vegetation must cover at least 50% of area
4 Volume must be allocated between pool, marsh and detention

Critical Issues

A Water balance
A Vegetation

Construct a wetland

77
-

—y

“To problemi
{ Whete doyou
a1

25



@) 4
X jlltllll

12/06/2010

Bioretention Areas (11.3.2.10) amec®

A 85% TSS removal rate
A Typically designed for WQv and sometimes CPv

A Can be designed as an attractive landscaping feature in
commercial sites

A Vegetation must be maintained
4 Easily clogged if upstream sediments are not controlled
A 5 acres maximum contributing drainage area

A Area is determined based on WQv and 48-hour drain time
using Darcyo6s | aw and per meg

A Maximum ponding depth of 60

(7
\& w).
e T ]

Overflow PLAN VIEW

aveL

Mulch g
soil =

Underdrain

& PLwING
i

TYPICAL SECTION

PROFILE
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>

>

>

>

>

Surface Sand Filters (11.3.2.8) amec®

80% TSS removal rate
Typically designed for WQv and sometimes CPv
Good for highly constrained commercial/industrial sites

Easily clogged if upstream sediments and landscaping debris are not
controlled

i Cannot be used for sites <50% impervious
High maintenance

10 acres maximum contributing drainage area for surface filter, 2 acres for|
perimeter filter
Area is determined based on 0.75xWQv and 40-hour drain time using
Darcyodés | aw and permeability of 3

S e G
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¥, mercaues

s s e e s s i

Sediment secesscures—
Chamber

PLAN VIEW

12/06/2010

Enhanced Swales (11.3.2.5) amec®

A Enhanced dry swale 75% TSS removal rate

4 Designed for treatment of WQv and sometimes CPv
i Higher flows are passed

4 Best suited for low-density developments

A 5 acre maximum drainage area

A Low cost and easy maintenance

Slope along profile of swale must be 1%-4%
4 Side slopes of 3:1 or flatter

Flows for the 2-year storm must be conveyed in a non-erosive manner

Enhanced Dry Swale

- [ fﬁ::n”m" VOO /ﬂ : “"””;:“
: =

Sediment

forebay I

Underdrain

28



Under rain system

— Clean sandigravel
mix

12/06/2010

Vegetated Filter Strips (11.3.2.3)

A 50% TSS removal for widt
4~ 10% TSS removal for 106
A 0% TSS removal for width
4 Used for WQv only
A Must maintain sheet flow across entire length of filter
i Storms greater than the WQ design storm can bypass
i Level spreaders may be required
4 High acceptance and easy maintenance
4 Maximum contributing flowpath
i 15006 for pervious areas
i 7506 for impervious areas
4 Slopes must be 2% to 6%
4 100% grass cover must be maintained

h
<

<

amec®

> 50
wi dt
1006

(<]
h

< 50

wickiT
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Vegetated
filter strip

wax
PeRvIQUS

o PoNDING
oo VATERIAL

L OUTLET PIPE
BROFILE

12/06/2010

amec®

i
© WICHITR
Infiltration Trenches (11.3.2.6) amec®
A 90% TSS removal rate
A Recharges groundwater
A Typically designed for WQv, and sometimes CPv
i Greater flows bypass
AMust have infiltration rate

(HSG A and some B)
i Easily clogged if upstream sediments are not controlled
A 5 acres maximum contributing drainage area

A Sizing is determined based on WQv and drain time using
Darcyo6s |l aw and permeability

A No underdrain

S wionin
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