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LID/Better Site 
Design Case 

Study



CONSTRAINTS ANALYSIS



Constraints - Things to Consider

• Riparian Buffers
• Wetlands and Stream Channels
• Existing Woods
• Transitional buffers
• Soils Constraints (Texture, HSG, Perm., 

Bedrock, Water Table)
• Slope Constraints
• Access to Site



Constraints Actually 
Used on the Site



Constraints Used



Criterion – By Right Layout

• Half Acre Lot – Minimum Lot Size
• Site Yield  - up to 25 Lots
• Access from Road to South



Typical Layout



Effects of Typical Layout

• Clearing of entire site
• Significant Impacts to Wetlands  and 

Stream Channels
• Impacts to designated Riparian 

corridors
• Dramatic Increase in Impervious Cover
• Directly Connected Drainage Systems



Goals and Objectives

• Assume 10,000 s.f. cluster lots can be 
used

• Assume open section roadways can 
be used with smaller ROW

• Minimize Land Disturbance
• Minimize Impervious Cover
• Try to Avoid Constraints



LAYOUT ACTUALLY USED



Cluster Layout



Approach for 
Analysis/Benchmarking
• Natural Site (Undisturbed Woodland)
• Existing Site (Partially Disturbed/Denuded)
• Developed Site (Typical By-Right Layout)
• Cluster Layout
• Cluster Layout (with Resource Restoration 

and buffers)
• Then………………..LID
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LID Volume Target

• Utilize LID measures where feasible to 
bring the site back to the same 
hydrologic response as an undisturbed 
site

• Practices are listed on the worksheet
• Runoff Capture Goal has been 

determined as 22,000 cubic feet





Final Design Selected



Final Site Design:

•Riparian Buffer 
Restoration

•Use of Open-section roads

•On-lot and common area 
practices

•Maintenance of natural 
drainage patterns

•Use of engineered swales



Code and Ordinance Barriers

• DOT/County hesitant to allow C&G redux
• PC Review required for cluster
• County hesitant to allow on-lot measures
• Special variance required for C&G redux
• Confusion over design standards
• Requirements much more rigorous than 

conventional approaches
• DOT entrance requirements required 

redesign of cluster



Innovative Site 
Design Case 

Study



Innovative Solutions

Innovative Site Design
Municipal Programs:

– Fee-in-lieu Programs
– Pro-rata

Cooperative off-site facilities (developer 
driven)

Nutrient Banking
State or Trust-administered Fund



Site Design Example

Pretreatment with LID Practices
Enhanced Forebays 
Stormwater Regional Pond Restoration
Stream Day-lighting and Restoration
Riparian Buffer Restoration



Dam Rehabilitation



Spillway Rehabilitation



Stream Daylighting



Stream Daylighting

After

2 Years Later



Riparian Buffer Restoration

Before

After



Site Design Case Study
Results

– Expedited Permitting Process
– More Flexible Site Design
– Erosion Hazard Eliminated
– Excess Credits for use in sub-watershed
– Downstream Systems Restored
– Water quality from 200+ acres of 

contributing area retrofitted
– Project is self-mitigating



Trading Case 
Study



Trading Concepts

Source Sector 
Trading

In-kind trading
Credits vs. Offsets
Technologies may 

vary
‘Additionality’
Trading Ratios



Nutrient Trading in a 
Nutshell

Local/Regional/National 
watershed 
protection/improvement 
initiatives
– Ambitious surface water 

quality improvement 
targets

Costs of on-site treatment are 
growing/disproportionate

“Coin of the realm” varies
Trading Programs are gaining 

favor throughout U.S.
Credits derived from 

treatment, land conversion, 
reduction of existing 
discharges



Project Example

• Utility company 
RE group

• Studied 8000-
ac watershed

• Review WQ 
improvement 
objectives

• Inventory Offset 
Opportunities

• Project 
Feasibility 
Review



Project Example (cont.)
• 3 treatment areas
• Opportunities focused on marginal, 

flood-prone land under overhead 
transmission line

• 10 Ac (+/-) of treatment wetlands
• Credits - Offset 1 square mile of 

developed land
• Value of Credits

~ $3-6,000,000
• Credits utilized w/in

~3 yrs of credit 
availability



Permeable Pavement 
and Bioretention 

Issues/Case Studies



Background and Why: The Need

• Conflicts in Standards and Special Provisions
• design vs. construction oriented
• functional component variations among BMPs

• Standardize BMPs for large agency 
• reduce design/construction cost
• greater consistency across state
• reduce confusion & errors
• lower long term maintenance and cost



Background and Why: The Need

• Bioretention Soil Media Testing Conflicts
• Chemical and physical parameters have a push/pull; 

meeting all constituents can be difficult. (e.g. high sand & 
low P conc.)

• Project hold-ups: failure of vendor media to pass 3rd party soil 
tests OR confusion as to which version of standard to use.  

• Porous Pavement
• Lack of endorsed DOT standard
• Growing desire in industry to promote porous pavements
• Growing experience base of installers/materials vendors



Approach and Framework 
• Stormwater BMP Stds & Specs

• Insertable Sheet: 
• Provide standard and consistent format for designers to 

complete, for inclusion in overall construction plan sets 
• Special Provisions:

• Create standard specification for BMP materials, installation 
procedures, inspection and approval process, 
measurement and payment

• Construction Documentation vs. Design
• Incorporate existing VDOT Road & Bridge 

Standards & Specs where possible
• Utilize Existing VDOT Processes and Formats 



Approach and Framework
• VDOT Road & Bridge Stds & Specifications



Approach and Framework
• Ex. VDOT Road & Bridge Stds & Specs

Existing VDOT RnB Specifications

New SWM-8 Dry Swale Special Provision: 
“All drainage structures and pipe shall 
conform to Section 232, unless otherwise 
specified and approved by VDOT.”



Stormwater BMPs
• List of DRAFT Stormwater BMP Insertable Sheets & Special Provisions

• SWM-2: Sheet Flow to Vegetated Filter Strip
• SWM-3: Grass Channel
• SWM-4: Soil Compost Amendments
• SWM-5: Permeable Pavement
• SWM-6 Infiltration Practices 
• SWM-7: Bioretention
• SWM-8: Dry Swale
• SWM-9: Wet Swale
• SWM-10: Filtering Practice 
• SWM-11: Constructed Wetland
• SWM-12: Sediment Basin/Trap Conversion to Bioretention
• SWM-MISC: Stormwater Miscellaneous
• SWM-PP: BMP Plant Palette

• Associated Material
• Virginia Test Method for Bioretention Soil Media
• Pre-approved Porous Asphalt Mix Designs and specifications

• …



Stormwater BMPs
• Format of BMP Insertable Sheets

• Plan View
• Profile
• Cross-Section
• Material and Sizing Tables

• Dimensioning/Depths
• Elevations/Inverts  of BMP/pipes
• Aggregate Type and Size

• Direct Reference to Spec Provisions, Field 
Quality Control Procedures, Maintenance  
Schedule and Procedure



SWM-8 Dry Swale Insertable Sheet

DRAFT



SWM-7 Bioretention
DRAFT



SWM-5 Permeable Pavement

DRAFT



SWM-8 Dry Swale Special Provision

• Format of BMP SP
• I. Description
• II. Materials
• III. Procedures 
• IV. Tolerance
• V. Inspection & 

Maintenance 
• VI. Measurement 

& Payment

DRAFT



Bioretention Soil Media Specs
Parameter BMP 

Clearinghouse
VDOT VTM - 134 NOTES

Sand Content >75% course; see Sieve Table;
D10>0.3mm; (D60/D10)<4.0

80-90%; see Sieve Table; 
D10>0.25mm; (D60/D10)<5.0

VTM specs fine aggregate 
(sand) and soil fines to be 80-
90% fine aggegrate; See
separate Sieve Distribution 
Table

Fines 10%-20% w/ clay <=10% 10%-20% w/ clay <=10%

Organic Content 3%-5% combined mix; dry 
weight basis

2%-5% overall mix, by weight

CEC >5.0 meq/100g >5.0 meq/100g Cation Exchange Capacity

Avail. P 5-15 (M1) or 18-40 (M3) 5-15 (M1) or 10-40 (M3) M1: Mehlich I procedure

Infiltration rate None 1 in/hr – 8 in/hr Clrnghouse only requires 
for native soils; VTM uses 
multiple wet/dry cycles

DRAFT



Bioretention Soil Media Specs
• DRAFT Virginia Test Method (VTM) – 134

Bioretention Soil Media Test 
• Coordinated with VDOT Materials & Geotechnical Divisions, Vendors/Suppliers, 

CWP, Virginia Tech, WSSI, and others to develop;

• Scope of VTM:

• Texture Analysis of mineral soil component (soil fines & fine aggregate); 
• Organic matter content, %, of the biortetention soil media;
• Cation Exchange Capacity (CEC);
• Phosphorus (p) adsorptioni capability 
• Bulk density (to obtain conversion factor between tons and CY)
• Saturated Hydraulic Conductivity (Ksat)

*NOTE: All above tests must sample 3 times from different parts of the stockpile, blend, and then test and 
report 1 result, with exception of Ksat which follows different procedure



Bioretention Soil Media Specs
• Virginia Test Method (VTM) – 134

Measuring Hydraulic Conductivity (Ksat)

• Annex C: Mesocosm Testing Protocol for Bioretention Soil Media Testing 
(from Wetland Studies and Solutions, Inc. (WSSI) Fairfax, VA) 

• Mesocom: “An experimental tool that integrates relevant structure and functions of 
existing or proposed site conditions into a controlled laboratory environment.” source: 
WSSI

• Wetting/Drying Cycles: Conduct series of cycles to simulate rain/drying conditions and 
incorporate at least 1 saltwater brine solution into one of the cycles, measuring 
infiltration rates during each cycle via falling head method

• Success Criteria: mean overall infiltration rate for each cycle between 1 in/hr and 8 
in/hr.  If rate for one cycle outside, but returns to range in following cycle or after drying 
period, media acceptable. 



Bioretention Soil Media Specs
• Virginia Test Method (VTM) – 134

Measuring Hydraulic Conductivity (Ksat)
• Process

• Six (6) representative samples of the 
bioretention soil media shall be sampled per 
mini-stockpile method per VDOT Materials 
Division Manual of Instructions Section 308.05(a)

• Construct typical soil media profile (with 
remaining bioretention layers) in lab apparatus

• Fill apartus with water until ponding depth of 6 
inches obtained

• Measure time for ponding depth to equal 0. 
• Repeat ponding and falling head test for 2nd

test cycle.  
• Following 2nd cycle, let appartus dry completely 

for 36 hours
• Complete total of 8 cycles
• Report results for each of 6 soil samples



BMP Plant Palette
• Plant Types Evaluated

• Ferns, Grasses & Grasslike, Forbs, Shrubs, Understory Trees, Canopy Trees, Species to 
Avoid

• Fields Evaluated 
• BMP Type
• Physiographic Region
• Hydrologic Zone (tolerance to periodic/regular/permanent inundation)
• Wetland Indicator Status
• Moisture (plant preference for optimal growth)
• Shade Tolerance
• Salinity Tolerance (sensitive, resistant)
• Max Height (line of sight, security issues)
• Leaf Type (year-round or searsonal)
• pH Range (tolerance to acidic soils)
• Inundation (permant indundation depth (inches) tolerance)
• Bloom Season/Seasonal Interest 
• Notable Fall Foliage
• Notable Characteristics (flower, color, bark texture, etc.)

*Special thanks to Daniel Malone, Jonathon Herman, Chris Hale (Stantec Landscape Architects)



BMP Plant Palette

*Special Assistance from Daniel Malone, Jonathon Herman, Chris Hale (Stantec Landscape Architects)



BMP Plant Palette

*Special Assistance from Daniel Malone, Jonathon Herman, Chris Hale (Stantec Landscape Architects)

Plants 
grouped by 

ferns, grasses, 
and forbs

BMP 
Type

Plant 
characteristics



Questions?

Doug Beisch - Principal
Doug.Beisch@Stantec.com
757-810-2687


