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GREENER STORMWATER SOLUTIONS
An Overview of the MSD Stormwater
Guide for Best Management Practice
Design
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Chronic Pollutant Loads into
Urban Watersheds







• MSD Approved as Plan 
Area Coordinating 
Authority

• Cooperation Achieved 
Between 61 Copermittees

EPA Phase II Stormwater
Regulations in St. Louis





• 5‐Year Plan
• 6 Minimum Control 
Measures

• General Permit
• Annual Reporting

Storm Water Management Plan



Minimum Control Measure                           

1. Public education and outreach on                 X
storm water impacts

2. Public involvement/participation                   X

3. Illicit discharge detection and                        X
elimination

4. Construction site storm water                       X X X
runoff control

5. Post‐construction storm water                       X        X 
management in new development 
and redevelopment

6. Pollution prevention/good                              X X                   X
housekeeping for municipal operations

Joint Responsibility for 6 MCMs
Primary Responsible Entity

MSD County Cities





• Begin stormwater management 
early in the site development 
process

• New LID site design methods 
and required Storm Water 
Phase II Regulations mesh with 
USGBC LEED Certification 

• Less sewers, less curbs, less 
hard surfaces, less runoff

• More green space, more swales, 
more natural features, more 
native vegetation

New Design Methods…..
Let’s Change “Business as Usual”…
We Have to



Flood Volume (Qp) Requirements similar to 1997 
MSD Regs

Maintain peak flow for 2 yr (3.1”) & 100 yr (7.2”) 
storm

New Channel Protection Volume (CPv)
Extended detention of 1 yr (2.5”) storm

New Water Quality Volume (WQv)
Treatment using BMPs for 90% of annual storm 
events (1.14”)

MSD Revised Rules and Regulations        
Storm Water Criteria



• Maryland Stormwater Design Manual
• Volume 1 – Stormwater Management Criteria
• Volume 2 – Stormwater Design Appendices
• www.mde.state.md.us

Design Standards Selected ‐ CPv and WQv



• Storage Needed to Capture and Treat the Runoff 
from 90% of the Recorded Daily Rainfall Events 
(1.14”)

• Be Capable of Removing 80% of the Total 
Suspended Solids (TSS)

• Have an Acceptable Field Longevity

• Presumed Compliance – BMPs Must Meet the 
Maryland Manual

Water Quality Volume ‐WQv



DAILY RAINFALL RECORD 1948-2003
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Proper Adoption of BMPs
Based on Local Conditions

Water Quality Protection Volume



• Ponds
• Wetlands
• Infiltration Practices
• Filtering Practices
• Open Channel 
Practices

MSD Allows Many BMP Options

Supplement these with Storm Water Credits



BMP TABLE
Area Acres Description BMP Stormwater Credit WQv Reduction WQv Required WQv Provided

Type (1of 3 Types**) (Cu. Ft.) (Cu. Ft.)

A 3 North Rain Garden - - 2000 2100

B 4 Southwest Sand Filter - - 2300 2450

C 1.5 East Rain Garden - - 1900 2100

D 2 East Buffer - Sheet Flow to Buffers Reduced Site Area - -

E 0.4 4 Houses - Disconnect Downspouts Reduced Rv - -

Total 10.9*

*Total Acres here to equal Total Disturbed Area

**WQv Reductions are either Reduced Site Area, 
Reduced Rv, or Met by Credits.  See Maryland 
Manual Chapter 5.

BMPs TO TREAT THE ENTIRE
DISTURBED AREA



• NATURAL AREA CONSERVATION

• DISCONNECTION OF ROOFTOP RUNOFF

• DISCONNECTION OF NON‐ROOFTOP IMPERVIOUS AREA

• RESERVED BUFFERS

• OPEN CHANNEL USE

• ENVIRONMENTALLY SENSITIVE DEVELOPMENT

• IMPERVIOUS COVER REDUCTION

Storm Water Credits ‐
(Non‐Structural BMPs) ‐
Maryland Manual 
Chapter 5



MSD Post-Construction BMPs Since October 2006
Permitted for Construction and "In Process" = 865 BMPs

Construction Approved  = 196 BMPs

BIORETENTION
17%

CISTERN/DRY WELL
9%

DETENTION BASIN
20%

SURFACE SAND 
FILTERS

16%

UNDERGROUND 
SAND FILTER

6%

PROPRIETARY BMP 
FILTER

6%

PROPRIETARY 
HYDRODYNAMIC 

SEPARATOR BMP
8%

DRY SWALE
11%

WET PONDs
4%

POROUS PAVEMENT
2%

OTHER BMPS
1%





Environmental Site Design
• Use Non‐Structural Storm Water Credits  ‐ Disconnected Areas, 
Sheet Flow to Buffers, Conservation Areas, Native Prairie Areas 

• Explore Alternative Surfaces – Green Roofs, Permeable 
Pavements

• Minimize Disturbance
• Stream Bank Buffer Areas including Non‐Disturbed Vegetated 
Areas and Newly Created Buffer Areas

• Use Micro Scale Practices – Raingardens, Microdetention, 
Native Vegetated Swales, Rainwater Harvesting, Infiltration

• Remember that Storm Water Credits Help to Reduce BMP Size 
and BMP Maintenance

• Promote Redevelopment and Re‐use



Everyone starts 
with the General 
Permit and then 
it is tweaked for 
local conditions 
and control



_______________________
_____________________________________________________



____________________________________________

______________________________________________________________________



What will Future Criteria Be?
• BMPs were required (2003‐2008 permit)
• Mimic Predevelopment Hydrology Wording 
Added (2008‐2013 permit)…to be Continued in 
the Future

• Future Runoff Volume Reduction Requirements 
in Separate and Combined Areas of MSD…?

• Future Watershed Based TMDL Requirements…?
• Future Low Impact Development (LID) / 
Environmental Site Design Requirements…?

• More municipalities with permits requiring BMPs







TSS Metals (Cu, Zn, Pb) TKN (Nitrogen) Total-P Bacteria
Bioretention 40% 90% 93-98% 68-80% 70-83% 90%
Sand Filter 0% 70% 45% 46% 33% 76%

a: Volume Based Hydrology. Reese, A.J. Stormwater Magazine. September 2009.
b: USEPA Fact Sheets EPA 832-F-99-007 (Sand Filters) and EPA 832-F-99-012 (Bioretention).

Pollutant Removal RatebAnnual Volume 
ReductionaBMP Type

WHY 
RAINGARDENS?

POLLUTANT AND
VOLUME REMOVAL 
CAPABILITIES



Use NATIVE Plants
• Deep Root Systems
• Rainfall Infiltration Benefits
• Rainfall Interception Benefits
• Better Nutrient Removal
• Minimal Irrigation ‐ Conserves 
Water

• Minimal or No Fertilizing, also 
help to Uptake Excess Fertilizer 
from Upstream Drainage Areas

• Less Maintenance 
• Better Survivability
• Enhance Biodiversity (Mosquito 
Control) and Promote a 
Conservation Culture

• Control Erosion
• Very Wet or Very Dry 
Conditions
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Latin Common J F M A M J J A S O N D

Bioretention and Organic Filter

Grasses/Sedges
Andropogon gerardii Big bluestem x x x 4-6' 2' plum x x x x x x x x x x x x M 12 2 M
Bouteloua curtipendula Sideoats grama x x x 1-2' 1' tan x x x x x x x x x x x L L
Carex praegracilis* Tollway sedge x x x x 1-2' 1.5' tan x x x x x x x x x H 12 2 H H
Carex grayii Bur sedge x x x 1-2' 1.5' tan x x x x x x x x x x H 24 3 L
Carex vulpinoidea Fox sedge x x x 2-3' 1.5' tan x x x x x x x x H 24 L L
Chasmanthium latifolium River oats x x x x 2-5' 1.5' green x x x x x x x x x x x x x x M 12 1 H
Schizachyrium scoparium Little bluestem x x 2-4' 1.5' bronze x x x x x x x x x x x x x L M L
Sporobolus heterolepis Prairie dropseed x x x x 2-3' 1.5' tan x x x x x x x x x x L L

Forbs
Amsonia illustris Shining bluestar x x x x 2-3' 3' lt. blue x x x x x x x x x H 36 5 L
Aster novae-angliae New England aster x x x 3-6' 2' violet x x x x x x x x M 24 3 L H
Coreopsis lanceolata Lanceleaf coreopsis x x x 1-2' 1.5' yellow x x x x x x x L M
Chelone obliqua Rose turtlehead x x x x 3-4' 2' ose/purple x x x x x x x x x M 12 1 M
Echinacea pallida Pale purple coneflower x 2-3' 1.5' violet x x x x x x x L L
Eryngium yuccifolium Rattlesnake master 4-5' 1.5' green x x x x x x x x M 12 2 M L
Pycnanthemum tenuifolium Slender Mountain Mint x x 2-3' 1.5' white x x x x x x x x L H
Ratibida pinnata Yellow/Grey coneflower x 3-5' 1.5' yellow x x x x x x x x M 12 1 M H
Rudbeckia hirta Black-eyed Susan 2-3' 1.5' yellow x x x x x x x x L M
Eupatorium coelestinum Mist flower; wild ageratum x x x x 1-2' 1.5' lavender x x x x x x x x x H 12 3 M
Solidago rugosa Rough-leaved goldenrod x x x 2-3' 1.5' yellow x x x x x x x x x x L M H
Verbesina helianthoides Yellow wingstem 2-3' 1.5' yellow x x x x x x x x L M
Zizia aurea Golden alexander x 1.5-3' 1.5' yellow x x x x x x x x L M H

Trees/Shrubs
Carpinus caroliniana Musclewood x x x 15-20' 20' yellow x x x x x x x x x x x x x M 6 1 L
Cercis canadensis Redbud x x x x 10-20' 15' pink x x x x x x x L L M
Hamamelus virginiana Eastern witchazel x x x x 10-15' 15' yellow x x x x x x x x x x L L L
Quercus alba White oak x x x 40-60' 30' green x x x x x x x x x x x x x x L H L

Requirements
Local Ecotype Rule: Plants of Missouri or Southern Illinois ecotype are required. 
Must use a minimum of 5 grass/sedge species and 8 forb species for each BMP.
Each species must consist of between 5% - 15% of the total plant count for each BMP. 
Biodegradable erosion blanket must be used on slopes greater than 10%.
Erosion blankets must be coarse to allow varying leaf sizes (examples include Geojute, Curlex #1 and NorthAmerican Green S75 single net straw blanket, or equivelant)
*Experimental for practice and/or limited availability in commercial trade

Bloom Time

PLANT LISTS FOR RAIN GARDENS





TOUGHMissouri Native Plants Eager to 
Head out to MSD‐Required BMPs!!!



What’s New???



New Formal 
Bioretention 
Plant List





Page 16 
Change 
Infiltration 
Rate for 
Planting 
Soil



PAGE 16, Change in Infiltration Rate for 
Planting Soil

Use Soil as Specified on Page 16, and Use 2.0 
Feet Per Day for Infiltration Rate Design

___



http://www.shawnature.org/nativeland/NativeLandscapingMa
nual/ChapterOne.aspx

Native Seeding a 
Dry Detention 
Basin ‐
Requirements 
are Being Added 
to the Landscape 
Guide





Native Seeding, Where ???
Bioretention and Other BMPs are to be Planted (Not 
Seeded)
Native Seeding Will be Required for Newly 
Established Buffer Areas (Native Planting Allowed 
Also)
Native Seeding Will be the Preferred Option for Flood 
Volume (Qp) and/or Channel Protection (CPv) Basins 
(Native Planting Allowed Also)
Landscape Guide will have Short Seed Mix (Less 
Diverse) and a Standard Seed Mix (More Diverse)



Important Seeding Concerns
Erosion Must be Controlled (Use Erosion Blankets Over 
Newly Seeded Areas, Use Heavier Blankets in Higher Flow 
Velocity Areas, Bottoms, Swales)
Must Maintain Seeded Areas, Keep out Woody Vegetation
Periodic Controlled Burns and/or Mowing or Brush 
Hogging
NO Woody Vegetation on Fill Slopes and Dam 
Embankments
Need to Periodically Inspect Dam Embankments for 
Erosion Problems, Rodents 
Deep Roots Could be a Concern on Dam Embankments



Costs: Turf Sodded Basin
Sod $5/sq.yd. Plus up to $2.50/sq.yd. for Watering
Mow Every Two Weeks….Forever

Costs: Native Seeded Basin
Seeding $1/sq.yd. NO Watering
Erosion Blanket $2/sq.yd.
Mow 3 to 4 Times a Year for the First Two Years, then 
Mow or Burn Once a Year (Late Winter) Thereafter









Infiltration
WQv Storage in Base Rock Voids
No Crushed Limestone, Use Natural Uncrushed, Washed 
Gravel
No Storage up in Pervious Pavement Section
Make Sure Ponding Does not Come Out at Low End
Do in “Cut” Areas, not in Compacted “Fill” Areas
Need Percolation Testing
Need Monitoring Wells
Minimize Disturbance and Eliminate Construction Traffic 
on Infiltration Basin Area Soil
Push out Sand Layer over Subgrade, then Keep Running 
Over Sand, use Same Technique for Rock Placement
Will Downstream Seepage be a Problem?  Check 
Downstream Topography



Infiltration Examples and Information

City of Ferguson Maline Creek Park 
Pervious Parking Lot
Bommarito Mazda South
Percolation Test Requirements 
North St. Louis MSD Harlem Baden Relief –
Pervious Parking Lots



City of Ferguson Maline Creek Park 
Pervious Parking Lot















• 12 cents on 3/1/2008

• 17 cents on 1/1/2009

• 20 cents on 1/1/2010

• 23 cents on 1/1/2011

• 25 cents on 1/1/2012

• 27 cents on 1/1/2013

• 29 cents on 1/1/2014

MSD Impervious Area Storm Water 
Rates (Per 100 Sq. Ft. of Impervious 
Area)



Bommarito Mazda South Lindbergh



Infiltration Basin for WQv and 
Underground Storage for CPV and Qp







Preliminary Bids for Infiltration 
Bed & Rock Void Storage Option 
were 30% to 40% Cheaper than 
Underground Filter Vault Option 
with Underground Conduit 
Storage

Bommarito Mazda South Lindbergh



Percolation 
Testing













North St. Louis MSD Harlem 
Baden Relief –Pervious Parking 
Lots 2003039AP





Level Stepped Subgrade



Monitoring Wells



Make your BMP Look Like 
Landscaping

If you are landscaping anyway, then design 
it to serve as your BMP also
Think about maintenance, and access for 
maintenance
What will you have to mow?
What is easier to just landscape (berms, 
raingarden all landscaped, transition areas)
Still need to use turf grass borders & 
defined edges







Turf Grass Top 
Can Pose 
Problems…



What Can We All Do?
• WORK TOGETHER (Plant suppliers, landscapers, 
contractors, engineers, owners) to make sure the 
BMPs are designed, constructed, and maintained 
properly

• PROMOTE these techniques
• MIMIC predevelopment hydrology
• USE NATIVE PLANTS…for their multiple benefits
• COST BENEFITS for the long term
• USE DISPERSED MICRO PRACTICES
• USE DISPERSED MICRO PRACTICES
• USE DISPERSED MICRO PRACTICES



Presentation Outline
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EPA Phase II Stormwater Permit Review
MSD Design Requirements
Best Management Practice (BMP) Options

Part 2 – New Items

Environmental Site Design
BMP Landscape Guide
A Few Updates to the Guide
Some Recent Examples



•www.stlmsd.com Rules, Regulations, 
and Design Requirements

•www.mde.state.md.us 2000 
Maryland Stormwater Design 
Manual Volumes I & II

•www.grownative.org GROW native!
•www.shawnature.org Shaw Nature 
Reserve

•www.showmeraingardens.com Show 
Me Rain Gardens

Thank You!

Questions?


