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LID Defined 

•A set of stormwater management 
strategies for maintaining or restoring 
the natural hydrologic functions of a 
site. 

–Strategies can be natural or man-made 
– Includes site design strategies and 

decentralized source control techniques to 
limit runoff (Integrated Management 
Practices). 

–Primarily focused on the infiltration, 
evaporation, transpiration, and reuse of 
rainwater. 

–A revised philosophy intended to reduce 
runoff rate and volume, and improve quality 
at the source 

   

Presenter
Presentation Notes
 - Stormwater management has traditionally focused on controlling the rates of runoff through storage and other “end of pipe” solutions, which did not address the total volume of runoff.  By controlling the release rate of a storm there is always the potential of simply delaying the effects of peak runoff…multiple 10-year storms in a short duration, saturated ground and high rate of runoff.  This philosophy really takes a macro look at stormwater management by focusing on each individual site and treating the runoff at the source.  
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A (Very) Brief History of LID 

•Began in Prince George’s Co, MD with the use of bioretention cells in 
1990’s. 
•This led to incorporating LID into the County’s resource protection 
program. 
•Prince George’s County produced the first municipal LID manual in 
1998. 
•Later expanded into a nationally distributed document in 2000. 
• Initial LID UFC released in 2004 
•Penn memo and EISA were released in 2007 
•Revised LID UFC 2009 (pending) 
•Executive order 13514 (Oct. 5, 2009) 
 
 
 

Presenter
Presentation Notes
Stormwater management requirements and solutions have evolved over time from collect and discharge; to collect, detain/treat, and discharge; to collect, treat, and infiltrate/reuse, and discharge some.  This will continue to evolve as more research is performed, more data is made available, and more products become available.
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Why is LID Required on NAVFAC Projects? 

•Assistant Secretary of the Navy (I&E) BJ Penn implemented a 
policy on 16 Nov 2007 (known as the Penn memo) with a stated 
objective of “no net increase in stormwater runoff volume and 
sediment of nutrient loading from major renovation and 
construction projects.” 

–Policy takes effect FY 2011, however “all efforts shall be made to 
incorporate LID practices in FY’s 08, 09, and 10.” 

–Major renovations with a stormwater component exceeding $5M 
–Major construction exceeding $750K 

•DoD/Navy/FEC Policy  
•Clean Water Act (CWA)  and NPDES Ph2 (state permitting) 
•NAVFAC Engineering & Construction Bulletin (12 Dec 2007) 

provides strategies for obtaining LEED Silver (to meet ASN I&E 
Memo of Aug 2006) and identifies required 20 – 22 credit points, 
including credits SS6.1 and SS6.2 
• Energy Independence and Security Act (EISA) Section 438 

 
• LID features can help satisfy CWA, LID, and LEED requirements 

 

Presenter
Presentation Notes
Penn Memo  
- A major renovation project applicable is one with a stormwater component and exceeding $5M when initially approved by DASN.  Major construction projects is one that exceeds $750k.
 - Services are require to provide an annual report stating which projects met the LID requirements and which did not.  Projects that did meet requirements shall also include the strategies used, those that did not shall be accompanied by the name of the official that approved the waiver.
 - ALL mid-lant projects are required to meet the Penn memo to the extent possible unless not technically feasible or cost prohibitive.
 - For purposes of the Penn memo pre-development is the condition just prior to the subject project
 - No net increase refers to the delta between pre and post development conditions wrt runoff volume and quality

EISA 
 - EISA requires any federally funded development or redevelopment project with a building footprint larger than 5000sf “shall use site planning, design, construction, and maintenance strategies for the property to maintain or restore, to the maximum extent technically feasible, the predevelopment hydrology of the property with regard to the temperature, rate, volume, and duration of flow.” …. The Federal facility must use all known, available and reasonable methods of stormwater retention and/or reuse to prevent the off site discharge of stormwater runoff consistent with the performance standard. In cases when a facility seeks or claims an exception, it is expected that there will be a serious and documented attempt to comply.

The Executive Order signed October 5, 2009 requires that EPA in coordination with other agencies issue implementation guidance

LEED Requirements 
 - SS Credit 6.1 Stormwater QUANTITY Control: Requires post discharge to be proportionally less than pre developed levels.
 - SS Credit 6.2 Stormwater Design QUALITY Control:  Limit disruption and pollution of natural water flows by managing stormwater runoff quality
 - I have heard rumors that we may begin requiring projects to pursue LEED Gold
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UFC  3-210-10 Low Impact Development (Draft) 

•References Penn Memo and EISA as standards 
•Directs DOR to apply criteria of governing permit authority 
•Reinforces the requirements of obtaining permits, unless an MOU is on file 
• Establishes the basis for calculations by defining hierarchy of standards and a 

recognized pre-development condition. 
–Conditions immediately prior to human development 

•References the NRCS CN methodology for runoff and volume calculations 
•Defines the rainfall for use in calculations 

– Larger of 95th percentile rainfall, or required water quality depth as design storm 
• Provides guidance on use of integrated management practices (IMP’s) 
•Navy Guidance Document 

–Provides assistance on interpretation and implementation of LID criteria 
• Technical Memos 

–Define “No Net Increase in Stormwater Runoff Volume” 
 

  

Presenter
Presentation Notes
 - We recommend for that you use grassy fields for sites with a developed existing condition
 - Keep in mind that soil characteristics will control much of your conditions
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Energy Independence and Security Act (EISA) 

Definition 
• Energy Independence and Security Act (EISA) Section 438 

–“Sec. 438. Storm Water Runoff Requirements for Federal Development Projects. The 
sponsor of any development or redevelopment project involving a Federal facility with 
a footprint that exceeds 5,000 square feet shall use site planning, design, construction, 
and maintenance strategies for the property to maintain or restore, to the maximum 
extent technically feasible, the predevelopment hydrology of the property with regard 
to the temperature, rate, volume, and duration of flow.”  

• Each agency is responsible for ensuring compliance 
•Reporting methods are TBD 

 
Performance Options – Per EPA Draft Guidance 
•Option 1: Control 95th Percentile Rainfall Event (Q = P x Imp A) 

– Incorporate the 95th percentile storm in the SCS CN method calculations (NAVFAC)  
–Manage rainfall onsite; infiltration, evapo-transpiration, and harvest and reuse   

•Option 2: Preserve predevelopment hydrology (rate, volume, duration & 
temperature) 

–Conduct hydrologic and hydraulic analyses  
–Quantify post-construction hydrographs for the 1, 2, 10, 25, 50 and 100 year 24 hour 

storm events  
–Maintain pre-development hydrographs for these storm events 

 
 

 
 

 

Presenter
Presentation Notes
The reporting methods have not yet been established.  We are recommending that this is covered in the project stormwater narrative and is addressed in a memo written by the project civil engineer, which will be added to the file.  The memo should cover the same items covered by the stormwater management narrative. 

The current direction is the use of the 95th percentile storm in the CN method
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Energy Independence and Security Act (EISA) 

Performance Options Continued (per EPA Draft Guidance) 
• Exceptions granted if: 

–  Site conditions preclude the use of infiltration 
–  Site conditions preclude the use of soil amendments, plantings, etc used for evapo-

transpiration 
–  Water harvesting is not practical or possible 
–  Plumbing or structural systems in building being modified preclude compliance 
–  Compliance results in the retention and/or use of stormwater on the site results in an 

adverse water balance 
•When a defensible exception is granted stormwater practices must be 

implemented to facilitate stormwater infiltration, evapo-transpiration, and/or 
harvesting to the “maximum extent technically feasible”. 

–  The difference between the METF amount and the 95th percentile amount shall be 
detained to ensure no increase in peak runoff rate, and treated to ensure no increase 
in receiving stream temperature. 

•Memo to file detailing EISA exception 
 

 

Presenter
Presentation Notes
Again, the reporting process is not well defined here.  We are recommending that you document your actions in a memo to the file.
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EISA Compliance Direction for DoD Projects 

•Applies to ALL federally funded projects that increase impervious area by 
5,000sf or more 

–New construction 
–Additions 
–New pavements (including sidewalk) 

•Design objective is to maintain the pre-development hydrology 
–Pre-project conditions wrt temperature, rate, volume, and duration 

•Use modeling or other recognized tools to establish objective 
–TR-55 curve number method is recommended for Navy projects 

• Evaluate design options to meet objective to the maximum extent technically 
feasible (METF). 
•Document EISA design and construction costs 
•Complete a post construction analysis of features 

 
 

Presenter
Presentation Notes
 - This does not apply to any internal renovations or resurfacing of existing pavements
 - Predevelopment hydrology refers to the pre-project conditions wrt temperature, rate, volume, and duration of runoff.  This is a direct conflict with the draft UFC, however, this is a temporary issue and will be resolved with 60 days.  NAVFAC guidance is to adhere to the draft UFC.
 - METF requires full employment of accepted and reasonable stormwater retention and reuse technologies subj to site and regulatory constraints
 - Any site constraints that limit the use of technologies should be documented
 - LID measures can be applied on nearby parcels (downstream), however, this should be avoided if possible as it conflicts with the basic premise of LID
 - Estimated costs should be included in the estimate as a separate line item.  The final cost of implementation should also be documented in the project file 
 - We recommend including a brief report documenting existing site conditions, objectives, LID features employed, pre and post development calculations, and estimated costs.  You would also include any site constraints that prevent METF.
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EISA DoD Implementation Process 

1.  Determine applicability Requirement:  apply to all Federal projects 
with a footprint greater than 5,000 square feet

1.  Determine applicability Requirement:  apply to all Federal projects 
with a footprint greater than 5,000 square feet

2.  Establish design objective Requirement:  maintain or restore 
predevelopment hydrology

OPTIONS (use only 1)

1
Total volume of rainfall from 
95th percentile storm is to be 

managed on-site.

Design water volume
(to be retained)

2
Determine predevelopment hydrology 
based on site-specific conditions and 

local meteorology by using continuous 
simulation modeling techniques, 
published data, studies, or other 

established tools. Determine water 
volume to be managed onsite.

2.  Establish design objective Requirement:  maintain or restore 
predevelopment hydrology

OPTIONS (use only 1)

1
Total volume of rainfall from 
95th percentile storm is to be 

managed on-site.

Design water volume
(to be retained)

2
Determine predevelopment hydrology 
based on site-specific conditions and 

local meteorology by using continuous 
simulation modeling techniques, 
published data, studies, or other 

established tools. Determine water 
volume to be managed onsite.

3.  Evaluate design options Requirement:  meet design objective to 
maximum extent technically feasible (METF)

Bio-retention areas

Permeable pavements

Cisterns / recycling 

Green roofs

OFF-SITE OPTIONS
(optional)

TYPICAL ON-SITE DESIGN OPTIONS

remaining water volume
?

Selected 
on-site 
design 
options Selected 

off-site 
design 
options

Use any combination of on-site options to achieve 
the design objective to the METF.  

Document site-specific constraints.

Design water volume
(to be retained)

• Retaining storm water on site would adversely impact 
receiving water flows

• Site has shallow bedrock, contaminated soils, high 
groundwater, underground facilities or utilities

• Soil infiltration capacity is limited
• Site is too small to infiltrate significant volume
• Non-potable water demand (for irrigation, toilets, 

wash-water, etc.) is too small to warrant water 
harvesting and reuse systems

• Structural, plumbing, or other modifications to existing 
buildings to manage storm water are infeasible

• State or local requirements restrict water harvesting
• State or local requirements restrict the use of green 

infrastructure/LID

TECHNICAL CONSTRAINT EXAMPLES

3.  Evaluate design options Requirement:  meet design objective to 
maximum extent technically feasible (METF)

Bio-retention areas

Permeable pavements

Cisterns / recycling 

Green roofs

OFF-SITE OPTIONS
(optional)

TYPICAL ON-SITE DESIGN OPTIONS

remaining water volume
?

Selected 
on-site 
design 
options Selected 

off-site 
design 
options

Use any combination of on-site options to achieve 
the design objective to the METF.  

Document site-specific constraints.

Design water volume
(to be retained)

• Retaining storm water on site would adversely impact 
receiving water flows

• Site has shallow bedrock, contaminated soils, high 
groundwater, underground facilities or utilities

• Soil infiltration capacity is limited
• Site is too small to infiltrate significant volume
• Non-potable water demand (for irrigation, toilets, 

wash-water, etc.) is too small to warrant water 
harvesting and reuse systems

• Structural, plumbing, or other modifications to existing 
buildings to manage storm water are infeasible

• State or local requirements restrict water harvesting
• State or local requirements restrict the use of green 

infrastructure/LID

TECHNICAL CONSTRAINT EXAMPLES

4.  Finalize design and estimate cost

Or MILCON within funding limits with 
stormwater component 

Presenter
Presentation Notes
Offsite options are not typically applicable to Navy projects due to location and site constraints.
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Considering LEED (v2.2) 

Credit SS6.1 
–Option 1 – Existing impervious area is less than or equal to 50% 

• Post development peak discharge and quantity cannot exceed predevelopment 
discharge and quantity for the one year and two year 24hr storms, or 

• Ensure receiving stream does not erode 
–Option 2 – Existing impervious area is greater than 50% 

• Reduce the volume of runoff by 25% for the 2-year 24-hr storm 
Credit SS6.2 

–Reduce 80% of the average post development TSS from 90% of the runoff. 

Presenter
Presentation Notes
 - Velocity analysis is required when implementing stream erosion control strategies
 - Reduction of 80% of average post dev TSS is close to 95th percentile storm
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Other Criteria Considerations 

•UFC 3-200-10N Civil Engineering 
•UFC 3-210-10 Low Impact Development 
•UFC 4-010-01 Minimum Anti-Terrorism Standards for Buildings 
• LEED Requirements 
•Base Exterior Architectural Plan (BEAP), or equivalent 
• Local, State, and Federal laws 

 
• It is understood there are going to be some conflicts between some criteria.  

Presenter
Presentation Notes
All of these criteria need to be considered during the design of the sit and implementation of LID strategies
 - conflicts do exist and will be resolved once a formal policy is developed
 - LID IMP’s should follow state manuals when available
 - Conflicts with plantings within clear zone cannot be waived, relocate IMP or use low growing options

 - You must comply with all UFC’s

 - Can you use the required AT/FP setbacks to assist with LID requirements? 
 - Does the project cost trigger the LEED requirement ($750k)?
 - Is there an MOU between the base and state?
 - Does the state have NPDES permitting authority?
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Permitting and Criteria Compliance 

•The Designer of Record remains responsible for obtaining all 
applicable permits. 
•This may lead to multiple sets of stormwater management calculations 

– May also require some discussions with permit authority 
– Must determine most stringent requirement for design 

 
•Hampton Roads IPT 

– DCR is the regulator in Virginia 
– MS4 covers installations and annexes, including NNSY, in Hampton Roads 
– Permitting submitted to Regional Environmental Group Water Program 

Manager. 
•North Carolina IPT 

– NC DENR is the NC regulating authority in NC. 
– The region and process will vary by base. 

•Northeast IPT 
– Regulator varies by state 
 

 Always consult your regional environmental engineer for permitting 
requirements when permitting a project or writing an RFP. 

Presenter
Presentation Notes
LID alone does not increase the need for permitting.  The DoR is still responsible for meeting all federal, state, and local laws, permitting requirements, and criteria.  If an MOU exists granting a locality permitting rights for a state (MS4) then the permitting will follow the stated requirements while incorporating LID strategies.  This may lead to exceeding the local or state criteria.

Neither NE nor NC have MS4 in place

NC DENR – The application process will vary slightly base to base.  At MCAS Cherry Point all permitting activities are required to be coordinated through the EAD.  At Camp Lejeune the permitting goes directly to the Wilmington District.  Reviewer may also impact LID strategies employed.  Remember that state reviewers will not be concerned with EISA since it pertains only to federal facilities, but they are generally pleased when standards are exceeded

Consult your regional EV as soon as possible in design process
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LID Planning/Execution Process 

1. Define project objectives and goals 
- LEED, EISA, LID, NPDES 

2. Perform site evaluation and analysis. 
- Document review to assess site 

3. Develop control strategies 
- System costs 

4. Concept design or masterplan 
- Part of RFP or design process and requires calculations 

5. Develop operations and maintenance procedures 
- Part of the OMSI 

 

Planning/MTP3 

RFP/Design 
Phase 

Presenter
Presentation Notes
ID project LID objectives (runoff volume, peak discharge rate, duration, freq, and quality), evaluate existing SW infrastructure, prioritize and rank basic objectives, define the control strategies necessary to meet the objectives.  This should occur during or prior to the 1391 process to ensure the site and available funds are adequate.
Evaluate site through a review of documents (drainage maps, photos, surveys, etc), delineate the watersheds considering their modification over time, identify the low hanging fruit provided by the site, identify site constraints (infiltration, slope, wind, shade, etc) and protected areas (easements, etc), ID applicable regulations
 Establishes system costs
This is the step that requires calculations and may require different versions of SWM calcs to establish a baseline and proposed system calculations with incorporated IMP.
LID Criteria requires the use of 95th percentile method for volume
VSMP SWM volumes, and by extension SWM volumes in Virginia IPT region, are calculated based on controlling the runoff rate and does not specify a method.
LEED v2.2 credits SS6.1 and SS6.2  
This will be incorporated into the OMSI and may consider debris removal from swales, mowing height requirements, sediment removal directions, and plant care specifications.  Environmental systems will be included in the OMSI. 
O&M is a big issue and needs serious consideration during design
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LID Integrated Management Practices (IMP) Categories 

5 IMP Categories 
• Site Utilization 

–Reducing the impervious footprint 
–Mimic predevelopment hydrologic conditions 
– Increase Tc 

• Filtration 
–Natural water quality treatment and increase Tc 

• Interception/Infiltration 
–Key strategies to compliance 

•Retention of LID Volumes 
• Structural Solutions 

–The last line of defense 
–Come with a higher cost 

 

Presenter
Presentation Notes
LID will require a change in the site planning and design process
 - Site Utilization - Retain as many trees as possible and place impervious structures in locations of poorly draining soils.  Go vertical, reduce impervious area.
 - Filtration – includes items such as vegetated buffers, filter strips, swales, etc
 - Infiltration – includes rain gardens, infiltration basins, pervious pavers.  Interception – includes deep mulch beds, soil amendments, and increased lawn mowing heights.
 - Retention – This is the one strategy most of us are comfortable with.  These include rain barrels, storage and release cisterns, and detention in parking areas (not going to be popular)
 - Structural Solutions – rainwater reuse systems (grey water and irrigation), green roofs (reduces impervious area and provides infiltration, transpiration, and detention), and parking structures (reduce impervious area)
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Calculations 

• SWM permitting is primarily concerned with peak runoff rate and quality and is 
governed by state requirements 
• LEED  

–  v2.2 SS6.1 regulates the peak discharge rate and quantity of the 1-yr and 2-yr storm 
–  v2.2 SS6.2 requires the treatment of 90% of the average annual rainfall 

• EISA goal is to return a site to it’s original hydrologic condition. 
• Penn memo – no net increase in volume 

Generally the Soil Conservation Service (SCS) curve number (CN) method will 
be used to generate treated volume as a function of pre-development and post-
development peak runoff. 

The design storm for calculations shall be the larger of the 95th percentile 
rainfall depth or the locally legislated required water quality depth. 

 

 

Presenter
Presentation Notes
Virginia allows rational method or SCS, though consider limitations of each method.
LEED SS6.1 - USGBC does not specify the method used for determine peak discharge rate or volume
LEED SS6.2 – BMP’s used must be capable of removing 80% of the average annual post development TSS load
Humid watersheds = 1” of rainfall (40” of rain annually or more, VB falls into this category)
Semi-arid Watersheds = ¾” of rainfall (20”-40”)
Arid Watersheds = ½” of rainfall (<20”)
 EISA requires the use of the 95th percentile EPA method, which substitutes the rainfall standard rainfall amount with the 95th percentile storm (this is the amount of rainfall during 95% of the storms) and assume zero runoff for predevelopment.
 LID uses the 95% storm as well

We agree that this does add one additional step, however, you can simplify it by using the same method consistently on the project to avoid redundancy.  And over time the organizations will likely modify their requirements to reflect the trends and the calculations will converge.
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Strategies 

•Bioretention 
• Soil Amendments 
• Filter Strips 
• Vegetated Buffers 
•Grassed Swales 
•Dry Wells 
• Infiltration Basins/Trenches 
• Inlet Pollution Removal Devices 
•Rainwater Harvesting (Rain Barrels and Cisterns) 
• Tree Box Filters 
• Vegetated Roofs 
• Permeable Pavers 

Presenter
Presentation Notes
These strategies should be applied on a cost priority basis

http://images.google.com/imgres?imgurl=http://www.landcareresearch.co.nz/research/built/liudd/images/biocolor.jpg&imgrefurl=http://www.landcareresearch.co.nz/research/built/liudd/Rain_gardens.asp&h=271&w=335&sz=24&hl=en&start=21&tbnid=KOZQO_8ZZ9PhFM:&tbnh=96&tbnw=119&prev=/images%3Fq%3DLOw%2BImpact%2Bdevelopment%2BDesign%26gbv%3D2%26svnum%3D10%26hl%3Den%26sa%3DG
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Bioretention/Biofiltration 

- Reduces the overall volume discharge and 
assists with peak discharge rate attenuation 
through infiltration and temporary storage 

 - Aids in groundwater recharge 
 - Runoff temperature control 
 - High rates of removal of heavy metals (Cu, 

Pb, Zn) 
 
Six basic components 
 - Grass buffer strips 
 - Sand bed 
 - Ponding area 
 - Organic/mulch layer 
 - Planting soil 
 - Plants 

Biofiltration System 

Presenter
Presentation Notes
Bioretention can be an ideal solution for dealing with quantity and quality issues and achieving your LID goals.
Biofiltration deals primarily with quality.  There is evapotranspiration that results, but typically not included in calculations.  One item to note: the underdrain system illustrated results in the bioretention basin acting simply as a filter, resulting in minimal quantity relief
Heated runoff from impervious surfaces is filtered through the bioretention facility and cooled; one study noted a temperature drop of 12°C between influent and effluent water. 
Perforated pipe unnecessary if in situ soils have high rates of permeability.  This creates the difference between bioremediation and biofiltration
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Soil Amendments 

•Site preparation typically involve removing and 
stock piling the topsoil, compaction and placement 
of a thin layer of topsoil. 

•Hydrologic impact of decreased infiltration and 
increased runoff 

•Increased erosion, discharge rate, and downstream 
volume 

•Soil amendments can be used to minimize 
development impacts on native soils by restoring 
their infiltration capacity and chemical 
characteristics. 

•Soil amendments can include not only compost and 
mulch but also top soil, lime, and gypsum (nutritional 
deficiencies and pH control). 

•A thorough soil analysis of the native soil is required 
to design the ideal mixture. 
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Inlet Pollution Removal Devices 

•Quality treatment of runoff up to design storm 
•Can provide peak runoff attenuation 

–Oil/Water separators 
–Hydrodynamic separation (e.g. vortechs, CDS) 
–Volumetric separation (e.g. stormvault) 
–Filtration 

• These are used in areas with high concerntrations of 
impervious area 
• Very expensive option 
•Consider the outside the gate standards 

 

 
 

Disclaimer: Inclusion of system illustrations does not constitute an 
endorsement of system. 

Presenter
Presentation Notes
hydrodynamic separation removes debris, and coarse silt and sand to the 40 micron level
volumetric separation removes fine silt to 15 micron level
filtration removes to 15 micron level, heavy metals, oil and grease
Filter media includes perlite, GAC, zeolite, and other proprietary systems

Shipyard, NIT, etc
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Vegetative Measures and Infiltration Devices 

• Filter Strips, Vegetated Buffers, and Grass Swales 
–Pretreatment (sediment and pollutant removal) 
– Increase Tc 

• Infiltration Basin and Infiltration Trench (Dry Well) 
–Quantity and discharge rate reduction 
–Groundwater recharge 
–Pollutant removal 

Infiltration Trench 

Infiltration Basin 

Presenter
Presentation Notes
Infiltration basins are largely dependent on the permeability rates of in-situ soils and the depth of the seasonal high water table.
Infiltration trenches can also be fashioned as a dry well with a cap and connected to rain leaders.

We used infiltration basins at MCAS Cherry Point adjacent to the taxiway.  Soil conductivity rates were roughly 14 in/hr and needed to avoid BASH.
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Rainwater Harvesting 

• Includes rain barrels and complete 
mechanical systems 

–Volume reduction 
–Peak runoff reduction 
–Pollutant removal 
–Thermal pollution reduction 

•Rainwater harvesting requires 
close coordination with 
mechanical engineers. 
•MCAS Cherry Point and VBPS 
• Permitting issues 

Presenter
Presentation Notes
Rainwater harvesting will only work if there is a heavy plumbing load or irrigation system.  Many of the states have not quite worked out their calculations for these systems, but there is opportunity for permitting.

These systems consist of rain leaders collecting the roof runoff and directing the rainwater through a filter (after a first flush diverter to eliminate the heavy pollutants) and into a holding tank.  The water is pumped into the mechanical grey water system to service mechanical systems, toilets, etc.  These are very expensive and maintenance intensive due to additional equipment.

Rain barrels are connected to rain leaders for irrigation purposes.

Rainwater harvesting requires the civil engineer to coordinate the demands, etc with the mechanical engineer.

You will also need to review the state requirements for rainwater harvesting.  States vary on what they allow as offset for runoff.
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Tree Box Filters 

•Quality treatment 
–TSS 
–Heavy metals 
–Phosphorus 

• Sedimentation control 
• Peak runoff attenuation (minimal) 
•Can be used in conjunction with infiltration 
•Minimal volume impacts due to effects of 

evapo-transpiration 
• 36sf of treatment per ¼ ac in Mid Atlantic 

•www.filterra.com/media/filterra.swf 
 

Disclaimer: Inclusion of system illustrations does not constitute an 
endorsement of system. 

Presenter
Presentation Notes
One popular model, Filterra produced by Americast, stated that “monitoring data shows Filterra® can treat over 90% of the total annual volume of rainfall with maximum pollutant removal rates reaching 95% for total suspended solids, 82% total phosphorus, 76% total nitrogen and 91% heavy metals (measured as Cu)”  White paper (Filterra by Americast: An Advanced Sustainable Stormwater Treatment System) delivered at the 2007 National LID Conference

http://www.filterra.com/media/filterra.swf
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Provide quantity and quality benefits: 
• Evapotranspiration due to foliage on roof.  
• Reduces the velocity of  runoff. 
• Increase of Tc 
 
Other benefits: 
• Heat island effect reduction (LEED credit) 

• Reduction in impervious area (Permitting)  
 

Green Roofs 

Presenter
Presentation Notes
Green roofs help mitigate the effects of urbanization on water quality by filtering, absorbing or detaining rainfall.  They are constructed of a lightweight soil media, underlain by a drainage layer, and a high quality impermeable membrane that protects the building structure.  The soil is planted with a specialized mix of plants that can thrive in the harsh, dry, high temperature conditions of the roof and tolerate short periods of inundation from storm events 
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Permeable Pavers/Pervious Pavements 

• Permeable pavements 
–  Consider underlying soils infiltration 
–  Shall not be used for heavy duty pavements  
–  Concrete only 
–  High maintenance requirements 

Peak attenuation 
–  Storage volume in voids 
–  Increased Tc 

•Decrease impervious area 
• Volume reduction 

–  Infiltration 
• LEED benefits 

 

Presenter
Presentation Notes
LEED Benefits of grass pavers include heat island effect.
Pavers should be used for light duty/POV parking only
There is currently a conflict with FP criteria wrt construction of fire lane

The merits of pervious pavements continue to be debated within NAVFAC, however, we always need to consider maintenance impacts on the activity when developing strategies or reviewing A/E construction documents.
 - raveling and freeze/thaw should be considered
 - NAVFAC Atlantic policy (26 Sept 2009) should be consulted
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Example Problem 

Occurs during the planning/1391 process 
• Step 1: Define project objectives and goals 

– LEED Silver (SS6.1 and SS6.2) 
– Comply with Penn memo 
– EISA applies due to facility size 

• Step 2: Perform site evaluation and analysis 
– Infiltration is likely due to soils type 
– Rainwater harvesting is possible due to building usage 

• Step 3: Develop control strategies 
– This is a cost based analysis for funding 

 
Occurs during project design 
• Step 4: Concept design or masterplan 

– Project design and permitting process 
• Step 5: Develop operations and maintenance procedures 

– Included in OMSI. 
 

 
 
 
 
 
 
 

 
 

Presenter
Presentation Notes
Performance based water quality calculations
Virginia Beach is located with the Type III storm
Impervious area = 98, pervious area for HSG of A = 49
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Calculation Method – SCS Curve Number Method (TR-55) 

Process: 
1. Determine your rainfall (NOAA, state, etc) 

2yr – 3.67” 
10yr – 5.65” 
95th % - 1.63”  

2. Determine existing HSG(s) 
USDA maps and TR-55 Exhibit A 

3. Calculate runoff (Q) (Ch 2) 
4. Calculate Tc or Tt (Ch 3) 
5. Determine rainfall type (App B) 

Virginia Beach is Type III 
6. Calculate pre and post development peak discharge (Ch 4) 
7. Calculate storage volume (Ch 6) for permitting 

A. Can use the simple method for estimating volume (V=ΔQ*A) 
8. Determine EISA/LID volume (UFC) 
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Hydrologic Soil Groups 

 Soils are classified by the NRCS into four groups based on the soil's runoff potential. 
The four Hydrologic Soils Groups are A, B, C and D. Where A's generally have the 
smallest runoff potential and Ds the greatest. 
 
•Group A - sand, loamy sand or sandy loam types of soils. Low runoff potential and 

high infiltration rates even when thoroughly wetted. They consist chiefly of deep, well 
to excessively drained sands or gravels and have a high rate of water transmission.  
•Group B - silt loam or loam. Moderate infiltration rate when thoroughly wetted and 

consists chiefly or moderately deep to deep, moderately well to well drained soils with 
moderately fine to moderately coarse textures.  
•Group C - sandy clay loam. Low infiltration rates when thoroughly wetted and consist 

chiefly of soils with a layer that impedes downward movement of water and soils with 
moderately fine to fine structure.  
•Group D - clay loam, silty clay loam, sandy clay, silty clay or clay. Has the highest 

runoff potential and very low infiltration rates when thoroughly wetted.  Consist chiefly 
of clay soils with a high swelling potential, soils with a permanent high water table, 
soils with a claypan or clay layer at or near the surface, and shallow soils over nearly 
impervious material. 
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Example Problem #1 

Project Site – Existing 
• 5.75ac site located at Dam Neck 
•Demo existing facility and hardscape, replace with new. 
• Impervious cover (Iexisting) is  

–  Pre-project = 22.4% 
–  Pre-development = 0% 

•Newham fine sands; Hydrologic soils group A 
•Average land cover condition (Iwatershed) is 24.6% 
•Weighted CN  

–  Pre-project = 60  
–  Pre-development = 49, grass 

 
Site Conditions - Proposed 
• Proposed impervious cover (Ipost) is 25.5% 
•Results in Situation 2: Iexisting < Iwatershed and Ipost > Iwatershed 
• Type III storm 
•Weighted CN = 62 
• Training facility with high usage 
 

Presenter
Presentation Notes
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Example Problem #1 - Calculations 

SWM Permit 
RR = 0.10lbs/yr 
2yr storm 
• qpre = 1.905cfs 
• qpost = 2.285cfs 
 
10yr storm 
• qpre = 6.397cfs 

• qpost = 7.159cfs  
Storage 
V2 = 0.04 Ac-Ft 
V10 = 0.08 Ac-Ft  

LEED Silver 
 
SS6.1 – Rate and 

volume reduction 
 - Manage stream 

erosion 
 
SS6.2 – Treat 80% 

of TSS from 90% 
of site Runoff  

 - Treatment Volume = 
0.48 Ac-Ft  

 

LID/EISA 
 
95th percentile 

storm and SCS 
method 

 = 0.006 Ac-Ft 
   
95% percentile 

storm and EPA 
method = 0.20 
Ac-Ft 

 

Include a set of strategies to address the pollutant removal requirement 
and meet the rate reduction for permitting, protect the receiving channel 
for LEED SS6.1, treat the first 1” of runoff for LEED SS6.2, and infiltrate or 
reuse 0.012  Ac-Ft of water over 24 hours to meet LID and EISA. 

LID UFC 
 
2yr storm 
• qpre = 0.378cfs 
• qpost = 2.258cfs 
 
10yr storm 
• qpre = 2.870cfs 

• qpost = 7.159cfs  
Storage 
V2 = 0. 23 Ac-Ft 
V10 = 0.45 Ac-Ft  
V95 = 0.012 Ac-Ft 

Presenter
Presentation Notes
Most municipalities allow the use of either the rational or TR-55 for peak runoff calculations for a site of this size.
SS6.1 allows two options:  
If the existing impervious area is less than or equal to 50% the site simply needs prevent the post development peak discharge and volume from exceeding the pre-developed rates for the one and two year 24hr storms, OR Implement a SWM plan that protects the receiving channel from excessive erosion.
If the existing impervious area is greater than 50% the designer needs to implement a SWM plan that decreases the runoff volume for the two year, 24hr storm by 25%.
Through a review of these results it is clear that EISA is going to control the site design and strategy choices.
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Example Problem #1 - Solutions 

•Likely strategies 
– Vegetated buffers placed between hardscape and grassed swales  
– Grassed swales leading to basin 
– Infiltration basin to meet the permitting/LEED/LID requirements 
– Rainwater harvesting for grey water demands 
– Permeable pavers in sections of the parking lot (not HC)  
– Tree boxes in bituminous section of parking lot 
– Bioretention may not be considered due to water table 

 
•Things to consider: 

– In situ soils 
– Water table 
– Building use 
– Location relative to sensitive/high quality waters 
– Who is permitting authority 
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Example Problem #2 

Project Site – Existing 
• 7.00ac site located at NAS Oceana 
•Replacing wooded site with new facility and parking. 
• Impervious cover (Iexisting) is  

–  Pre-project = 0% 
–  Pre-development = 0% 

•Acredale silt loam; Hydrologic soils group D 
•Average land cover condition (Iwatershed) is 28.8% 
•Weighted CN  

–  Pre-project = 79  
–  Pre-development = 79 

 
Site Conditions - Proposed 
• Proposed impervious cover (Ipost) is 80% 
•Results in Situation 2: Iexisting < Iwatershed and Ipost > Iwatershed 
• Type III storm 
•Weighted CN = 94.4 
•Warehouse with low grey water demands 
 

Presenter
Presentation Notes
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Example Problem #2 - Calculations 

SWM Permit 
RR = 7.35lbs 
 
2yr storm 
• qpre = 1.54cfs 
• qpost = 15.95cfs 
 
10yr storm 
• qpre = 3.10cfs 

• qpost = 26.95cfs  
Storage 
V2 = 0.95 Ac-Ft 
V10 =  1.54 Ac-Ft  

LEED Silver 
 
SS6.1 – Rate and 

volume reduction 
 - Manage stream 

erosion 
 
SS6.2 – Treat 80% 

of TSS from 90% 
of site Runoff  

 - Treatment Volume = 
0.58 Ac-Ft  

 

LID/EISA 
 

95th percentile 
storm and SCS 
method 

 = 0.61 Ac-Ft 
 
95th percentile 

storm and EPA 
method 

 = 0.76 Ac-Ft 
   
 

Include a set of strategies to address the required removal rate and control 
the runoff rate to meet permitting requirements, adhere to UFC 3-210-10 
(Draft), protect the receiving channel for LEED SS6.1, treat the first 1” of 
runoff for LEED SS6.2, and infiltrate 0.42 Ac-Ft of water over 24 hours to 
meet LID and EISA. 

LID UFC 
 
2yr storm 
• qpre = 1.54cfs 
• qpost = 15.95cfs 
 
10yr storm 
• qpre = 3.10cfs 

• qpost = 26.95cfs   
Storage 
V2 = 0. 75 Ac-Ft 
V10 = 0.92 Ac-Ft  
V95 = 0.61 Ac-Ft 

Presenter
Presentation Notes
Most municipalities allow the use of either the rational or TR-55 for peak runoff calculations for a site of this size.
SS6.1 allows two options:  
If the existing impervious area is less than or equal to 50% the site simply needs prevent the post development peak discharge and volume from exceeding the pre-developed rates for the one and two year 24hr storms, OR Implement a SWM plan that protects the receiving channel from excessive erosion.
If the existing impervious area is greater than 50% the designer needs to implement a SWM plan that decreases the runoff volume for the two year, 24hr storm by 25%.
The LID UFC is going to govern a lot of the sites
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Example Problem #2 - Solutions 

• Likely strategies 
– Vegetated buffers placed between hardscape and grassed swales  
–  Grassed swales leading to basin 
–  Use permeable pavers, pervious pavement, and grasspave 
–  Green roof if not on flightline.  
–  Extended detention 
 
–  High water table, low infiltration rate, and complications with reuse would constitute 

mitigating circumstances to seek an exception to EISA.   
–DOR would be required to implement the LID to the METF, meet LEED v2.2, and obtain 

a SWM permit (CNRMA Instructions). 
 

• Things to consider: 
–  In situ soils 
–  Water table 
–  Building use 
–  Location relative to flightline 
–  Location relative to sensitive/high quality waters 
–  Who is permitting authority 
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Project Discussions 

•  Hangar - MCAS Cherry Point 
– Required to meet NC DENR permitting 

• Vegetated buffers and swales 
• Infiltration basins 
• Water reuse system 

– LEED SS 6.1 and SS 6.2 
– EISA was not required, but 

• Would have satisfied requirements 
• One additional calculation 
• Letter to file 

•Firing Range RFP - Naval Submarine Base New London 
– Submit SWM methodology to base EV 

• Allowed for detention and green roof 
– LEED SS 6.1 and SS 6.2 
– EISA was not required, but 

• Would have requested waiver 



35 

Example Problem – Decision Tree 
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References 

•www.lid-stormwater.net 
•Low Impact Development Interim Guidance 
•LEED v2.2 Reference Manual 
•TR-55 Manual 
•Technical Guidance on Implementing Section 438 of Energy 
Independence and Security Act, February 2009  
•NC DENR BMP Manual 
•The Texas Manual on Rainwater Harvesting 

http://www.lid-stormwater.net/
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Frequently Asked Questions 

•Does a green roof constitute pervious or impervious area wrt EISA? 
–  The roof area should be consider impervious when determining if EISA applies, but 

the designer should take the roof hydraulic characteristics into account when 
developing calculations.  You should also consult state SWM requirements. 

•Who/what organization is going to grant exceptions? 
– Yet to be determined, however, EV has traditionally compiled and reported all of the 

LID features employed on projects and designers should include EV with any reports 
documenting their decisions. 

•How do we apply wrt temperature change? 
– It is understood that this will guide designers away from detention/retention. 

•Why was TR-55 selected as the preferred method? 
– TR-55 is a user friendly, accessible hand calculation method that takes soil 

characteristics into account. 
•When will formal policy be provided and how will this impact current direction 

and pending UFC? 
–  Recent Executive Order (Oct 5, 2009) requires EPA to establish direction within 60 

days, however, the UFC is not expected to change in the immediate future. 
•Why was the 95th percentile storm selected and how is it generated? 

– This storm is generally believed to approximate pre-development hydrologic 
conditions, and is generated by compiling all of the 24hr storm events over a 30 year 
period and selecting the 95th percentile amount. 
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Thank You! 
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