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¢ƻŘŀȅΩǎ tǊŜǎŜƴǘŀǘƛƻƴ 

ÅProject Team 

ïTechnical Review Committee 

ïStakeholder Meetings 

ÅManual update goals 

ÅProcess (Phases) 

ÅTypical sections for a BMP manual 

ÅMajor Updates 

ïBMP design hydrology 

ïDesign guidelines 

ïLID incentives 

 

 



Project Team 

ÅCDM Smith Team 

ïAndy Sauer, Project 
Manager 

ïMike Beezhold, 
Facilitator/BMP 
Implementation 

ïNatalie Postel,  Project 
Engineer 

ïDan Bounds, Technical 
Review 

ïJohn Aldrich, Technical 
Review 

 

ÅTechnical Review Team 

ïCity of Omaha 

ÅNina Cudahy 

ÅSelma Kessler 

ÅAndy Szatko 

ïPapio Natural Resources 
District (NRD) 

ïCity of Papillion 

ïCity of La Vista 

ÅOthers 
ïJesse Poore, FHU 

ïPat Nelson, CSO PMT 

ïEmily Holtzclaw, CSO PMT 

 

 



Manual Update Goals 

Åά{ǘŀǘŜ ƻŦ ǘƘŜ ǇǊŀŎǘƛŎŜέ ŦƻǊ tƻǎǘ /ƻƴǎǘǊǳŎǘƛƻƴ .at 5ŜǎƛƎƴ 
Guidelines 

ÅRobust technical review process 

ïTechnical review committee 

ïStakeholder meetings 

ÅDevelop a more usable manual 

ÅProvide a wider range of BMPs 

ÅProvide additional detail and examples 

ÅNeeded to meet the needs of the region 

ÅNot updating or changing existing stormwater ordinance 



Project Phases 

ÅPhase 1 ς Needs Assessment 

ïStakeholder Meeting ς March 24, 2011 

ïProgress Meetings 

ÅPhase 2 ς BMP Manual Updates 

ïProgress Meetings 

ïDraft BMP Manual ς August 2011 

ïStakeholder Meeting ς December 1, 2011 

ÅPhase 3 ς Finalize BMP Manual 

ïAdded two additional BMPs 

ïIncorporated review comments  

ïHeld a stakeholder meeting 

ïFinalize BMP Manual ς April 2012 

Stakeholder Meeting 



Technical Review Team - BMP Manual 
Improvement Needs 

ÅProvide necessary design guidance and be usable for both 
designers and reviewers. 

ÅFocus on the technical aspects of post-construction BMP 
design and avoid anything that would require revising the 
ordinance.  

ÅRemove or put less emphasizes on nonstructural BMPs, such 
as education and outreach, that are specific to NPDES MS4 
permit. 

ÅProvide design guidelines that can be used for in the CSO 
basins for Green Infrastructure improvements. 

ÅUpdates must work with existing ordinance 

 

 



Stakeholder Input ς BMP Manual Improvement 
Needs 

ÅNeed more design guidance for a greater array of BMPs 
including proprietary systems (manufactured systems) 

ÅOperations and maintenance costs should be part of the 
decision process 

ÅStandardize ς specifications, templates and software/model 
applications 

ÅConsider LID, conservation subdivision and stream buffer 
options 

ÅAllow credits/incentives for preservation, disconnection of 
impervious area and treatment train 

ÅAdditional guidance on determining design peak flows as 
expressed on the 1-year 20-minute policy 

 



Existing Manual vs. Updated Manual 

Å 8.1 Overview 

Å 8.2 General Water Quality 
Management Approach 

Å 8.3 Structural BMPs 
ï Extended Dry Detention 
ï Retention (Wet) Ponds 
ï Constructed Wetlands 
ï Grassed Swales 
ï Filter Strips & Flow Spreaders 
ï Sand Filters 
ï Turf Paving 
ï Oil/Grit Separators 
ï Grate Inlet Inserts 

 

Å 8.1 Overview 

ï Introduction 

ï Structural and Nonstructural BMPs 

Å 8.2 BMP Selection and 
Implementation Guidelines 

Å 8.3 BMP Hydrology 

Å 8.4 Post-Construction Stormwater 
Management Plan 

Å 8.5 References 

Å 8.6 Lot-Level BMPs 

ï Rain Gardens in Residential Areas 

ï Rain Barrels and Cisterns for 
Residential Use 

ï Residential Disconnection of 
Impervious Area 

 

 



Existing Manual vs. Updated Manual (Cont.) 

Å 8.3 Structural BMPs 
ï Extended Dry Detention 
ï Retention (Wet) Ponds 
ï Constructed Wetlands 
ï Grassed Swales 
ï Filter Strips & Flow Spreaders 
ï Sand Filters 
ï Turf Paving 
ï Oil/Grit Separators 
ï Grate Inlet Inserts 

Å 8.4 Nonstructural BMPs 

ï 10 Total 

ï 8 MS4 Permit Compliance  

Å References 

 

Å 8.7 Structural BMPs 
ï Bioretention Garden 
ï Constructed Wetlands 
ï Extended Dry Detention Basins 
ï Grass Swales and Filter Strips 
ï Eco-Roof 
ï Manufactured Systems 
ï Permeable Pavement 
ï Retention Wet Ponds 
ï Soil Conditioning 

Å 8.8 Lot Level/Homeowner 
Nonstructural Best Management 
Practices 
ï Lawn Care and Landscape Maintenance 

ï Trash and Pet Waste Reduction 

ï Sweeping and Cleaning of Impervious 
Areas 

Å Appendix 

 



8.2 BMP Selection and Implementation 
Guidelines 

ÅDefine Project Objectives and Performance Standards 

ÅSelecting BMPs based on:  

ïTarget Pollutant Removal 

ÅEstimate annual pollutant loads and pollutant removal of by 
BMPs 

ïPhysical Site Design Considerations 

ïCost Considerations 

ïSelecting BMPs for Combined Sewer Areas 

ïSelecting BMPs for Special Situations 

ÅLinear Projects 

ÅUnderground Detention 

ÅRedevelopment and Retrofit 



8.2 BMP Selection and Implementation 
Guidelines (Cont.) 

Å8.2.3 Guidelines for BMPs in Series (Treatment Train) 

 Table 8-8 
BMP Treatment Trains  

Second BMP in Series 

First BMP in Series In
fi
lt
ra

ti
o

n
 T

re
n

c
h 

F
ilt

e
r 

S
tr

ip
 

V
e

g
e
ta

te
d
 S

w
a

le 

R
a

in
 G

a
rd

e
n 

B
io

re
te

n
ti
o
n 

E
xt

e
n

d
e
d

 W
e
t 

D
e
te

n
ti
o

n 

E
x
te

n
d

e
d

 D
ry

 
D

e
te

n
ti
o

n
 B

a
s
in 

Filter Strip H NA L H H M M 
Vegetated Swale H L NA M H M L 

Bioretention1 NA NA M NA NA M M 
Extended Wet Detention NA NA L NA NA L M 
Extended Dry Detention Basin NA NA L NA NA L L 
H High 
M Medium 
L Low  
1 Assumes underdrain system. 



8.2 BMP Selection and Implementation 
Guidelines (Cont.) 

Å8.2.4 Low-Impact Development Guidelines 
 

ï8.2.4.1 Conservation Measures 

ÅCluster & Conservation  
Subdivision Design 

ÅStream Setback 

ÅTree Protection 

ÅSensitive Sites 

 

 

ï8.2.4.2 Impact 
Minimization 

ÅSoil Preservation 

ÅStreets 

ÅAlleys 

ÅRural Zoning or Cluster 
Subdivision 

ÅParking 

ÅShared Parking 

ÅLandscaping 

ÅStreetscaping 

ÅParking Landscaping 



8.3 BMP Hydrology  

ÅWater Quality Control Volume (WQCV) 

ï0.5 inches X Drainage Area 

ïAllow exclusion for areas that are preserved or impacted 
areas that meet the soil condition requirements 

ÅWater Quality Discharge (QWQ) 

ï9ǉǳƛǾŀƭŜƴǘ ǘƻ ŎŀǇǘǳǊƛƴƎ ŀƴŘ ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜ ŦƛǊǎǘ ƻƴŜπƘŀƭŦ ƛƴŎƘ 
όлΦрέύ ƻŦ ǎǘƻǊƳǿŀǘŜǊ ǊǳƴƻŦŦ  

ïSet at 1.5 cfs per acre for sites with a time of concentration 
equal to or less than 10 minutes 

ïAppendix E shows derivation of QWQ 



8.3 BMP Hydrology (Cont.) ς Appendix E  



8.3 BMP Hydrology (Cont.) ς Appendix E  



8.3 BMP Hydrology  

ÅDetermining the BMP Water Budget for Vegetated Systems 

ïDirect precipitation 

ïRunoff from tributary areas 

ïEvapotranspiration  

ÅTable of Monthly mean Pan Evaporation (Omaha Region) 

ïOutflow 

ïInfiltration 

ïRecommendations and guidance for: 

ÅGrowing season 

ÅNumber of days for saturated or inundation for wetlands 

 



8.3 BMP Hydrology ς Adjustments for 
disconnected impervious/LID  

ÅDesign volume calculation for 
BMPs downstream of Cascading 
Planes (e.g. runoff surfaces) 

ïAdjustment to WQCV 
controlled by pervious areas 

ïBased on percent impervious & 
soil types pervious area 

ÅBased on Urban Drainage & 
Flood Control District of Denver 
approach 

ÅAppendix F 

 

 



Cascading Planes ς Impervious to Pervious 

Table 8-11 
Depth of Runoff Controlled (in inches) by Cascading Planes 

Percent 
Impervious 

of 
Cascading 
Planes, % 

f, in/hr1 

0.12 0.16 0.26 0.34 0.43 0.83 1.04 1.92 5.85 

Soil Texture Classification 

Clay Sandy Clay Clay Loam 
Sandy 

Clay Loam Loam Silt Loam 
Sandy 
Loam 

Loamy 
Sand Sand 

1 0.049 0.064 0.100 0.127 0.154 0.255 0.295 0.404 0.497 

10 0.045 0.059 0.092 0.116 0.142 0.238 0.278 0.388 0.495 

20 0.040 0.053 0.082 0.105 0.129 0.219 0.257 0.368 0.491 

30 0.035 0.046 0.073 0.093 0.115 0.198 0.234 0.344 0.486 

40 0.030 0.040 0.063 0.081 0.100 0.175 0.209 0.316 0.476 

50 0.025 0.033 0.053 0.068 0.085 0.151 0.181 0.282 0.460 

60 0.025 0.027 0.043 0.056 0.069 0.125 0.151 0.243 0.434 

70 0.015 0.020 0.033 0.042 0.053 0.097 0.118 0.196 0.391 

80 0.010 0.014 0.022 0.029 0.036 0.067 0.082 0.142 0.319 

90 0.005 0.007 0.011 0.015 0.018 0.035 0.043 0.077 0.199 

100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
1Values for conveyance-based BMPs from Urban Drainage and Flood Control District Urban Storm Drainage Criteria 
Manual Volume 3, page 3-17 



BMP Hydrology 

ÅExample of Credit for Disconnected 
Impervious 

ï1 ac of disconnected imp area 

Å1 ac of imp area to 1 ac of turf lawn  
on sandy-clay-loam soil (0.34 in/hr)  

ïCalculated the % imp of the  
cascading planes:  

ÅIA = 1 acre / (1 acre + 1 acres) = 50% 

ïTable 8-11 

ÅIA = 50%, f = 0.34 in/hr 

 

Progress Meeting #2 

1 ac 6 ac 

1 ac 2 ac 



Example ς 50% Imp. & 0.34 in/hr 

Table 8-11 
Depth of Runoff Controlled (in inches) by Cascading Planes 

Percent 
Impervious 

of 
Cascading 
Planes, % 

f, in/hr1 

0.12 0.16 0.26 0.34 0.43 0.83 1.04 1.92 5.85 

Soil Texture Classification 

Clay Sandy Clay Clay Loam 
Sandy 

Clay Loam Loam Silt Loam 
Sandy 
Loam 

Loamy 
Sand Sand 

1 0.049 0.064 0.100 0.127 0.154 0.255 0.295 0.404 0.497 

10 0.045 0.059 0.092 0.116 0.142 0.238 0.278 0.388 0.495 

20 0.040 0.053 0.082 0.105 0.129 0.219 0.257 0.368 0.491 

30 0.035 0.046 0.073 0.093 0.115 0.198 0.234 0.344 0.486 

40 0.030 0.040 0.063 0.081 0.100 0.175 0.209 0.316 0.476 

50 0.025 0.033 0.053 0.068 0.085 0.151 0.181 0.282 0.460 

60 0.025 0.027 0.043 0.056 0.069 0.125 0.151 0.243 0.434 

70 0.015 0.020 0.033 0.042 0.053 0.097 0.118 0.196 0.391 

80 0.010 0.014 0.022 0.029 0.036 0.067 0.082 0.142 0.319 

90 0.005 0.007 0.011 0.015 0.018 0.035 0.043 0.077 0.199 

100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
1Values for conveyance-based BMPs from Urban Drainage and Flood Control District Urban Storm Drainage Criteria 
Manual Volume 3, page 3-17 



BMP Hydrology 

ÅCalculating Disconnected Impervious 
Area Credit 

ïTable 8-11 

ÅIA = 50%, f = 0.34 in/hr 

ï0.068 reduction 

ï0.5 in ς 0.068 in = 0.432 in 

ïAdjusted WQCV for 2 ac 

ïSite WQCV =  

Å(0.432 in * 2 ac/12)+(0.5 in * 8 ac/12) 

Å= 0.405 ac-ft  

Å2.9% reduction (compared to 0.417 
ac-ft) 

 

Progress Meeting #2 

1 ac 6 ac 

1 ac 2 ac 



8.4 Post Construction Stormwater Management 
Plan (PCSMP) 

ÅRequired by City of Omaha Public Works Dept. 

ÅRequirement of submittal 

ïConceptual PCSMP 
ÅConceptual PCSMP Application 

ÅConceptual PCSMP Sheets 

ÅPreliminary BMP Design Information 

ÅPreliminary Drainage Study 

ïFinal PCSMP 
ÅFinal PCSMP Application 

ÅFinal PCSMP Sheets 

ÅFinal BMP Design Information 

ÅFinal Drainage Study 

ÅBMP Maintenance Requirements 

ÅMaintenance Agreement 

ïBMP Certification 



8.6 Lot-Level BMPs 

ÅAimed at smaller single lot 
residential properties 

ÅTypes 

ïRain Gardens 

ïRain Barrels and Cisterns 

ïResidential Disconnection 
of Impervious Area 

 



8.6 Lot-Level BMPs 

ÅFor each BMP: 

ïGeneral Application 

ïDesign Requirements 
and Considerations 

ïMaintenance 

ïExample  

ïAdditional Resources 
 

ÅLayman terminology 

 



8.7 Structural BMPs 

ÅTypes 

ïBioretention Garden 

ïConstructed Wetlands 

ïExtended Dry Detention 
Basins 

ïGrass Swales and Filter Strips 

ïEco-Roof 

ïManufactured Systems 

ïPermeable Pavement 

ïRetention Wet Ponds 

ïSoil Conditioning 

 



8.7 Structural BMPs 

ÅFor Each BMP 

ïIntroduction/Design 
Considerations 

ïGeneral Application 

ïAdvantages and 
Disadvantages 

ïDesign Requirements and 
Considerations 

ïInspection and Maintenance 

ïSubmittal Requirements 

ïDesign Calculations 

ïExample 

ïReferences 



Design Requirements and Considerations 

Bioretention Soil 
Mixture (BSM) 

4ó Min. HDPE Underdrain 
(min slope 0.5%) 

FLOW POLLUTION 

Underdrain Cleanout 

Design Volume (VD) 

High Flow Structure 

Native Soil Native Soil 

Conditioned Soil 

Filter Area 

Ponding Area 

Conditioned Soil 



Inspection and Maintenance 



Inspection and Maintenance 


