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Conservation and protection of natural features that provide stormwater control.

Minimization of impervious areas and impacts to natural areas.

Direction of runoff to natural areas to slow down and capture water so it can 
infiltrate natural areas, evaporate, or be reused. 

Use of multiple small-scale controls that work to reproduce natural processes 
with rainfall, including infiltration, detention, retention, evaporation, and groundwater 
recharge.  

Pollution prevention through erosion and sediment control and prevention of soil 
compaction during site preparation and construction.  

Education regarding the practice of LID techniques and maintenance of 
stormwater infiltration facilities.

WWhathat aarere thethe bbasicsasics ofof lid?lid?
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WSSI’s building is serviced by an existing regional pond –
NO ON-SITE STORMWATER MANAGEMENT IS REQUIRED.            

So, why implement LID?

To mimic the predevelopment hydrology, thereby minimizing Urban Stream 
Syndrome, because we believe it’s the right thing to do.

To satisfy our curiosity:
To see how different types of pervious pavement systems perform relative to 

their cost
To determine the actual maintenance requirements of an LID project
To determine the real cost of an LID project
To determine the barriers to LID implementation

To provide a laboratory for the study of LID performance

To create an integrated LID plan, rather than using a slapdash approach to LID

WWhyhy ddidid wwetlandetland sstudiestudies

iimplementmplement lid?lid?
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UUrban rban SStream tream SSyndromeyndrome
And the TP, TN, and TSS that follows
The Chesapeake Bay Program has failed to solve
Relief is achievable at the micro-watershed level

Newly installed outfall 
into a recently incised channel

Eroding meander bed adjacent to a roadway
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Reduce both runoff and potable water demand by using rainwater on-site in toilets 
and irrigation.

Reduce the post-development curve number to the pre-development curve number 
by using permeable paving surfaces.

Minimize the effect of increased runoff volume on downstream waters by reducing 
the post-developed runoff rate below the pre-developed, forested rate through 
increased storage and time of concentration. 

Comply with Chesapeake Bay Preservation Ordinance and stormwater 
management ordinance regulations without a conventional stormwater 
management/BMP facility.

hhowow ccan an lid hlid helpelp??
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HHowow isis lid ilid implementedmplemented

atat thethe wssi bwssi buildinguilding??

Gravel DetentionGravel Detention

Native VegetationNative Vegetation

CisternCistern

BioBio--swaleswale

Wetland

Green RoofGreen Roof Pervious ParkingPervious Parking

Rain GardenRain Garden
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TThehe ggreenreen rroofoof
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1. Steel joist

2. Metal roof deck

3. 5” R-30 foam insulation

4. ½” gypsum protection board

5. 75 mil ethylene propylene diene 
monomer (EPDM) membrane

6. ½” foam protection board

7. 40 mil high-density polyethylene 
(HDPE) root barrier

8. Protection fabric

9. 1” drainage layer

10. Filter fabric

11. 3-9” lightweight growing medium

12. Stone features, sedum, and native  
perennials and shrubs
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Green Roof Cross Section
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TThehe ggreenreen rroofoof
Combination of extensive (3-4” soil) and intensive 
(4-9” soil) planting areas
Reduces impervious area by 3,626 sf
Reduces roof runoff
Engineered to support 62 lbs/sf
Increases green area and provides amenity
Cost: $31.80/sf installed
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8,000 g8,000 gallonallon ccisternistern
Collects the “first flush” of roof runoff (1/2”)
Provides irrigation water
Overflows to rain garden and gravel bed detention
Cost: $3.88/gal installed

$1.23/ sf impervious area treated
(Cistern material only cost: $2.88/gal)
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ttoiletoilet ccisternistern
Collects runoff from 3 of the roof’s                 
5 downspouts 
Collects the “first flush” of roof runoff 
(0.5” or approximately 4,000 gal.)
Cost: $26.18/gal installed
(Cistern: $4,430)
(Pump/filters/valves/pipes: $45,425)
(Labor: $48,378)
(Design: $8,620)
(Permit: $660)
$7.85/ sf impervious area treated

Cost would have been substantially 
lower if the system had been installed 
during initial construction.

Overflows to underground cistern

Water LevelWater Level
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ttoiletoilet ccisternistern
Design assumptions:

75-people; 2 flushes per person, per day; 1.1 gal. per flush
Historic rain data from 1964-2006

Calculated results:
Cistern will be empty approximately 4 days per year
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TThehe rrainain ggardenarden

Treats 34,660 sf of impervious roof and parking lot area
1,536 sf bed; 11,693 sf grassed buffer
Drains to gravel bed detention
Cost: $2.60 /sf impervious area treated
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Pervious Concrete      
11,800 sf

GravelPave2        
11,400 sf

Gravel Paving       
1,275 sf

Concrete Pavers       
5,502 sf

Asphalt            
55,896 sf

PPerviouservious PParkingarking
Wetland



PPerviouservious CConcreteoncrete
Reduce impervious area by 11,800 sf. 
(13.7% of total parking area)
Drains to gravel bed detention
Approximate cost: $6.00/sf installed
(Asphalt cost: $2.56/sf)
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GGravelravelPPaveave2 2 andand GGravelravel PPavingaving
Reduce impervious area by 12,675 sf                     
(14.7% of total parking area)
Drains to gravel bed detention
GravelPave2 cost: $6.00/sf installed 
Gravel paving cost: $4.32/sf installed                  
(Asphalt cost: $2.56/sf)
(GravelPave2 materials only cost: $3.20/sf)
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CConcreteoncrete PPaversavers
Reduce impervious area by 5,502 sf. 
(6.4% of total parking area)
Drains to existing vegetated floodplain
Cost: $7.10/sf installed + $0.80/sf header curb  
(Asphalt cost: $2.56/sf)
(Paver material only cost: $2.55/sf)
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GGravelravel BBeded DDetentionetention
Orifice controlled- drains to existing stream system
Detains the 1-yr storm over 24 hours.
Cost: $2.28/cf treatment volume installed
$0.32/sf impervious area treated

1.6251.625”” OutflowOutflow
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WWaterater qqualityuality sswalewale

Collects runoff from 12,650 sf of impervious 
parking surfaces
Slows runoff
Water quality volume filters through check dams
Cost: $3.68/sf impervious area treated
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nnative ative vvegetationegetation
Maintains habitat
Decreases water consumption
Uses a drip irrigation system and captured rainwater 
Landscape and drip irrigation cost: $125,864 
(Typical landscape and irrigation cost: $80,000)
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Curve Number:

Nutrient Input:

Runoff Rate:

hhowow ddoes theoes the ssiteite pperformerform??

9.5 (71%)Curve number reduction

87.5Postdevelopment (conventional site)

78.0Postdevelopment (LID)

74.1Predevelopment

51.3%Actual phosphorus removal

1.3%Phosphorus reduction

50.0%Required phosphorus removal (Chesapeake Bay Ordinance)

15.7%Runoff reduction

7.94 cfsPostdevelopment runoff rate (1.5-year storm)

9.42 cfsPredevelopment runoff rate (1.5-year storm)
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HHowow mmuchuch ddid theid the ssiteite ccostost??

$360,115Standard asphalt / curb-and-gutter estimate

$730,645Total

$125,864N/ANative landscaping and drip irrigation

$46,525$3.68Swale

$24,000$0.32Gravel bed detention

N/A$6.00Pervious concrete

$143,500$6.00GravelPave2 system

$5,500$4.32Gravel pavement

$39,000$7.90Pervious concrete pavers

$115,316$31.80Green roof

$109,940$7.85Toilet cistern (4,000-gal.)

$31,000$1.23Irrigation cistern (8,000-gal.)

$90,000$2.60Rain garden

Cost$/sf imperviousItem
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hhow ow ddid id wssiwssi aachieve chieve LEEDLEED ggoldold??



LEED stands for “Leadership in Energy and Environmental Design”

LEED is a voluntary certification system created by the U.S. Green Building Council.

The system is consensus-based, meaning that all aspects of the building industry have a 
voice in the criteria.

The system has four levels of certification –
Certified for achieving 40-50% of the possible credits; 
Silver for achieving 50-60% of the possible credits; 
Gold for achieving 60-80% of the possible credits; and 
Platinum for achieving more than 80% of the possible credits.

WSSI’s facility is certified Gold.

WSSI’s facility was the eighth LEED-Certified project in Virginia and the first to rise 
above the Silver rating, as of March 2, 2006.

WWhathat isis leed?leed?
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To determine what is involved with building and certifying an environmentally-
advanced (“green”) building

To tangibly validate the achievement of creating a green building

But… Why create a green building in the first place?

Because green buildings are efficient and economical to operate
Because green buildings are healthy to work in
Because green buildings are healthy for the environment without sacrificing human 

comfort or needs.
Because it’s the right thing to do.

WWhyhy ddidid wssiwssi bbecomeecome

leedleed ccertifiedertified??
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LEED covers different types of projects through different rating systems:

LEED-NC is for new construction
LEED-CI is for commercial interiors
LEED-EB is for existing buildings
LEED-CS is for core and shell buildings 
LEED-H is for residential homes
LEED-ND is for new development

WSSI’s building is certified under the LEED-CI rating system.  
But why?

WWhathat ttypesypes ofof pprojectsrojects ddoesoes

leed cleed certifyertify??
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Why not certify under:
LEED-NC?  Even though WSSI built the entire building, so it is “new construction,” only a portion of the interior 

is finished for occupancy.  The rest is unfinished shell space (without plumbing, HVAC, or electrical systems) which 
LEED has no mechanism to certify.  This would have made certifying the entire building nearly impossible.

LEED-CS?  Our base building is a typical speculative office/warehouse design that only provides a “cold, dark 
shell.” No elevator/HVAC/restroom core is included in the base building plan, which is the type of product the CS 
rating system was created to certify.

Why certify under LEED-CI?
WSSI chose to certify under the Commercial Interiors rating system because it most fits our project scope and 

properly reflects the depth of innovation that went into the finished portion of the building.  

The WSSI building layout A typical NC building layout A typical CS building layout

WWhyhy ddidid wssiwssi ccertify ertify uunder  nder  

leedleed--cici??
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Category 1 – Sustainable Sites
Focuses on site selection and design

Category 2 – Water Efficiency
Focuses on reducing potable water needs

Category 3 – Energy and Atmosphere
Focuses on HVAC, lighting, and appliance efficiency and controllability

Category 4 – Materials and Resources
Focuses on building with recycled, rapidly renewable, and regional materials, as well as 
waste recycling and reuse

Category 5 – Indoor Environmental Quality
Focuses on human comfort, daylighting, and the use of low-emitting building materials

Category 6 – Innovation and Design Process
Gives credit for items not specifically covered in the rating system

WWhathat aarere thethe leedleed--ci cci categoriesategories??
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ssustainableustainable ssitesites

and and wwaterater eefficiencyfficiency
Heat island and light pollution reduction
Low-impact development
Native landscaping and water-efficient irrigation
Bicycle storage and changing rooms

Low-flow sinks, toilets, and showers
Motion-based faucet controls
Waterless urinals
50% reduction in potable water use
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eenergynergy aandnd aatmospheretmosphere
Daylight- and motion-responsive lighting
Light density of 0.9 Watts/square foot
Energy Star appliances
Green power credits for 100% of 
electricity used
25% lower energy usage than a typical                 
building of WSSI’s size
No CFC’s used in HVAC or refrigeration
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mmaterials,aterials, rresources,esources,

and and iindoorndoor aairir qqualityuality

26% recycled content throughout building
35% regional materials throughout building
11% rapidly-renewable materials throughout building

Low-VOC paints, coatings, carpeting, and furniture
62 thermal zones
Access to direct daylight and views
Carbon dioxide sensors to deliver fresh air
3 times more ventilation than required by code
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IInnovationsnnovations

atat wssiwssi

Waterless urinals and 
low-flow toilets 

Solar powered, sensor 
controlled low-flow faucets 35% recycled content in plastic 

and metal-shaving countertop

34% recycled content 
in ceramic tile

30% recycled 
content in partitions

50% recycled content in 
steel doors and frames 

Regionally-manufactured 
drywall

Compact fluorescent lights

TThehe rrestest RRoomsooms

Low-VOC paints
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IInnovationsnnovations

atat wssiwssi

Rapidly renewable 
linoleum flooring 
(made with linseed oil 
and wood flour/cork dust)

35% recycled content in 
metal-shaving countertop

Rapidly-renewable, 
95% recycled 

wheatboard cabinets
High-efficiency 
appliances

Compact fluorescent lights

Low-VOC paint

TThehe KKITCHENITCHEN

11% recycled content 
in carpeting
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IInnovationsnnovations

atat wssiwssi

Daylight-responsive 
lighting control 

Low-VOC paint

Operable windows

Low U-value glass

Rapidly-renewable, 
95% recycled 

wheatboard

Motion sensor 
light control

11% recycled carpeting 
with low-VOC adhesive

TThehe CCONFERENCEONFERENCE RROOMSOOMS

Parabolic, reflective 
light fixtures 

Wetland
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WWhathat is theis the ccostost bbreakdownreakdown??

$20,050$697,06034Total LEED Premium (Hard Cost + Soft Cost)

$3,290$111,900

$372,960 – (30.0% Premium)Total Non-LEED Design Cost (Civil = $141,754;              
Architecture = $96,544; Interior Design = $134,663)

34Documentation, Paperwork, and Consulting Fees

Soft Cost

34

2

11

6

$3,250

$127,750

$43,895

$2,033

$11,511

4

$7,135Materials and Resources

$1,625Innovation and Design Process

$17,210$585,160“Hard Costs” Subtotal

$5,696,100 – (10.3% Premium)Total Building Cost

$78,020

$92,0858Energy and Atmosphere

$11,614Indoor Environmental Quality

$6,1003Water Efficiency

$312,080Sustainable Sites

$ / CreditPremiumCreditsHard Cost
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WWhathat AAboutbout uutilitytility ssavingsavings??

$8.45 / 1,000 gal 1Potable water (without toilet cistern)

$17,483Capitalized value of savings (at 6%)

$6,100Total premium for flow-flow and waterless fixtures (excl. installation)

$1,023121,095Estimated WSSI use (before cistern)

$45,864Total premium for cistern, drip irrigation, and native landscape

6.1 yearsPayback

$1,497 / year

$8.45 / 1,000 gal 1Potable water (with toilet cistern)

$2,072245,214 galEstimated typical use

$57568,084 galEstimated WSSI use

$55,954Total premium for low-flow and waterless fixtures, cistern, and pump equipment (excl. installation)

$24,950Capitalized value of savings ( at 6%)

37 yearsPayback (with toilet cistern)

$1,049$2, 072245,214Estimated typical use

$7,540 / year

$0200,000 galEstimated WSSI use

$125,667Capitalized value of savings ( at 6%)

Payback (without toilet cistern)

$7,5402,600,000 galEstimated typical use

5.8 years

$2.90 / 1,000 gal 1Irrigation water

SavingsRate / Total CostAnnual UseUtility Type

1.  Water costs per PWC Service Authority, 9/1/08-9/1/09
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1.  Estimated energy cost per NOVEC 3R LP (for large power service)

WWhathat AAboutbout uutilitytility ssavingsavings??

5.5 yearsPayback

$346,400Capitalized Value of Savings

10,920 therms

15,600 therms

$14,196

$20,280

$1.30 / therm

$6,084 / year

Gas

WSSI Estimated Annual Gas Use

$20,784 / yearTotal Energy Savings

$114,735Total Cost of LEED-Related Items (Green power certificate, metering equipment, reflective roof, HVAC 
equipment, operable windows, lighting equipment, insulation, Energy Star appliances, and task lighting)

$14,700 / year

$34,200677,658 kWhWSSU Estimated Annual Electric Use

Typical Estimated Annual Gas Use

$48,900968,100 kWhTypical Estimated Annual Electric Use

$0.0505 / kWh1Electricity

SavingsRate / Total CostAnnual UseUtility Type
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wwhat hat eelse lse hhas as wssiwssi ddoneone??



eemployee mployee hhealth and ealth and hhappinessappiness
Gym for employee use
Trainer-led workouts four times per week
Cardio and weight machines and volleyball net
Weight Watchers weekly meetings

6-room kennel for employee use
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aadditionaldditional ggreenreen uupgradespgrades
Solar hot water
Full-spectrum fluorescent lighting
Living wall 
Solar electricity (possible future project)
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TThankshanks to theto the wssiwssi pprojectroject tteameam

User – Wetland Studies and Solutions, Inc.
Project Management – The Peterson Companies

LID Concept Plan – Wetland Studies and Solutions, Inc.
Civil Engineering – Urban Engineering and Associates, Inc.

Architecture – W.A. Brown & Associates, P.C.
Mechanical, Electrical, Plumbing – Potomac Energy Group, Inc.

Interior Design – Bartzen + Ball
Building Commissioning – Advanced Building Performance, Inc.

General Contracting – EEReed Construction, LP
Site Work – S.W. Rodgers

Green Roof Installation – The Furbish Company
Pervious Concrete – Virginia Ready-Mixed Concrete Association

Toilet Cistern Design – E.K. Fox & Associates, Ltd. 
Photos – Ron O. Blunt Photography
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