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Introduction
As part of its requirements under its Virginia DEQ-issued MS4 NPDES permit, the National Park Service (NPS) is required to develop a TMDL Action Plan for the George Washington Memorial Parkway (GWMP) to achieve nutrient and sediment load reductions required to address the Chesapeake bay TMDL. GWMP has several planned projects that it is evaluating to determine if these projects can include stormwater Best Management Practices (BMPs) that will reduce loads. These projects include:
· Stream daylighting of piped stream in Jones Point Park
· Proposed BMP type is stream restoration
· Wetlands restoration projects in Dyke Marsh and Roaches Run
· Proposed BMP type is shoreline stabilization
· Stormwater outfall restoration at multiple locations throughout GWMP
· Proposed BMP type is outfall restoration
Each of these proposed BMP types has certain design requirements that must be met in order to achieve load reduction credit for the Chesapeake Bay TMDL. Therefore, for each of these three projects, NPS must evaluate whether the proposed projects can be developed and implemented to meet the design requirements of the proposed BMP types. In addition, if these projects can meet design requirements for Chesapeake Bay TMDL load reduction, NPS must be able to provide sufficient information on specific design or project parameters to complete the load reduction calculations so that these calculations can be included in the TMDL Action Plan. 
This memorandum is organized based on each proposed BMP type. It provides a description of the BMP type, design and monitoring requirements, and information on how to calculate potential load reductions from the BMP. There is also a summary of the information NPS needs to provide in order for the load reduction potential of each project to be calculated. NPS can use the information in this memorandum to determine if it can meet the design requirements for each BMP type through its planned projects, and thus whether it can include these BMP in its TMDL Action Plan to address its Chesapeake Bay TMDL load reduction requirements. Should NPS determine that it can meet BMP design requirements for one or more of these projects, it can provide the required data to LimnoTech for load reductions calculations that can be included in the TMDL Action Plan.        
Stream Restoration
Description of Practice
Stream restoration is a process by which degraded stream functions are restored to more natural conditions through engineered processes such as bank stabilization, floodplain reconnection, and re-establishment of vegetation. The goal of the stream restoration process is to improve the hydrologic, hydraulic, geomorphic, water quality, and biological condition of urban streams. 
The Chesapeake Bay Program recognizes three approaches to stream restoration (CBP, 2018): 
· Natural Channel Design applies the principles of stream geomorphology to create a stable channel and maintain a dynamic equilibrium between water, sediment, and vegetation. 
· Legacy Sediment Removal seeks to remove legacy sediments from the stream and its floodplain thereby restoring the natural system of aquatic systems. 
· Regenerative Stream Channel uses instream weirs within perennial streams to increase interaction with the floodplain during small storm events. These practices can also include sand seepage wetlands and other habitats to increase the stream’s connection with its floodplain. 
Required Consideration for Chesapeake Bay TMDL Load Reduction Credits
Design Guidelines
As outlined in the factsheet titled “N-1. Urban and Non-Urban Stream Restoration” in the Chesapeake Bay Program Quick Reference Guide for BMPs (2018) and Recommendations of the Expert Panel to Define Removal Rates for Individual Stream Restoration Projects (Berg et al., 2014) all stream restoration projects must meet the following criterial to be eligible for load reduction credit: 
· Reach restored must be greater than 100 ft. in length.
· Reach restored must be actively enlarging or degrading.
· Reach restored may not be tidally influenced. 
· The project may not be primarily designed to protect public infrastructure. Bank armoring and rip rap are not eligible for stream restoration credit. 
· Restoration plan must utilize a comprehensive approach to stream restoration design, addressing long term stability of the channel, banks, and floodplain.
· The project must comply with all state and federal permitting requirements, including Clean Water Act Section 404 and Section 401 permits.
· A qualifying project must demonstrate that it will maintain or expand existing riparian vegetation in the stream corridor, and compensate for any project-related riparian losses in project work areas as determined by regulatory agencies.
· All qualifying projects must have a designated authority responsible for development of a project maintenance program that includes routine maintenance and long-term repairs. The protocols for assessment of stream function described by Harman et al (2012) may serve as a useful guide to define maintenance triggers for stream restoration projects.
· Before credits are granted, stream restoration projects will need to meet post-construction monitoring requirements, exhibit successful vegetative establishment, and have undergone initial project maintenance.
· In addition to the requirements above, there may be certain project design conditions that must be satisfied in order to be eligible for credit under one or more of the specific protocols described in the guidance.
Monitoring 
While monitoring is not required per se in order to receive credit for stream restoration, the permits required for stream restoration projects typically do require monitoring, and several of the crediting protocols require data that is typically acquired through monitoring. For example, permit requirements typically include 3-5 years of post-construction monitoring (Berg et al., 2014). Monitoring efforts could include physical measurements of cross sections and longitudinal profiles; assessments of biological communities; or pebble counts, bar samples, and bank and bed pins to assess channel stability and erosional patterns. As-built surveys or aerial photographs can be performed annually to provide a graphical representation of changes to the channel and floodplain (VDCR, 2004). 
Planning Level Pollutant Load Removal Calculations
An expert panel convened to define removal rates for stream restoration projects determined that assigning a single removal rate for sediments and nutrients to all stream restoration projects was not practical or scientifically defensible, since every project is unique. Instead, the panel defined four protocols to define pollutant load reductions associated with individual projects. 
· Protocol 1: Credit for prevented sediment during storm flow - This protocol provides an annual mass nutrient and sediment reduction credit for qualifying stream restoration practices that prevent channel or bank erosion that would otherwise be delivered downstream from an actively enlarging or incising urban stream.
· Protocol 2: Credit for instream and riparian nutrient processing during base flow - This protocol provides an annual mass nitrogen reduction credit for qualifying projects that include design features to promote denitrification during base flow within the stream channel through hyporheic exchange within the riparian corridor.
· Protocol 3: Credit for floodplain reconnection volume - This protocol provides an annual mass sediment and nutrient reduction credit for qualifying projects that reconnect stream channels to their floodplain over a wide range of storm events.
· Protocol 4: Credit for dry channel regenerative storm conveyance (RSC) as an upland stormwater retrofit - This protocol provides an annual nutrient and sediment reduction rate for the contributing drainage area to a qualifying dry channel RSC project. The rate is determined by the degree of stormwater treatment provided in the upland area using the retrofit rate adjustor curves developed by the Stormwater Retrofit Expert Panel. Note that this protocol is not included in the Chesapeake Bay Program guidance, although it is included in the Expert Panel Report. Should NPS choose to pursue implementing this protocol for potential load reduction credit, it should consult with Virginia DEQ to determine how this should be addressed. 
· Default rates for existing/nonconforming[footnoteRef:1] projects (CBP, 2018):  [1:  Non-conforming projects are those that do not conform to the reporting requirements needed to receive credit under any of the previous protocols, as described by the Expert Panel.] 

· 0.075 lbs TN/linear ft/yr 
· 0.068 lb TP/linear ft/yr 
· 248 lb TSS/linear ft/yr  
The protocols are additive and an individual project may qualify for credit under one or more of the protocols (Berg et al., 2014) as long as the requirements for those individual protocols are met. 
Protocols 1 through 4 all require specific post-construction monitoring or modeling to calculate actual load reductions achieved by the project. For planning purposes (i.e., for the purposes of TMDL Action Plan development) the Bay Program recommends use of the default rates for pollutant load removals. 
Based on use of the default load reduction rates, as recommended by the Chesapeake Bay Program for planning purposes, NPS will need to provide the estimated length of stream restoration being undertaken during the Jones Point Park stream daylighting project in order to determine the potential load reduction from this project.
Credit Duration
Stream restoration projects receive pollutant load removal credit for a duration of 5 years.
Living Shoreline Management/Shoreline Stabilization
Description of Practice
In Virginia, “living shoreline” is defined in Senate Bill 964 as a shoreline management process that provides erosion control and water quality benefits; protects, restores, or enhances natural shoreline habitat; and maintains coastal processes through strategic placement of plants, stone, sand fill, and other structural and organic materials (VIMS, 2013).  Living shoreline can be non-structural with only vegetated and natural elements, or hybrid with vegetation plus some hard structures such as stone sills or breakwaters (Chesapeake Bay Program, 2018). 
Required Consideration for Chesapeake Bay TMDL Load Reduction Credits
Design Guidelines
Living shoreline BMPs are only applicable along tidal shorelines. They should be implemented in areas with a demonstrated need to control erosion based on the jurisdiction’s respective thresholds and qualifying conditions for shoreline management projects (Chesapeake Bay Program, 2018). The Living Shoreline Design Guidelines for Shore Protection in Virginia’s Estuarine Environments (VIMS, 2017) document describes in detail the parameters to consider when evaluating a site and selecting a shoreline management strategy. The VIMS Center for Coastal Resource Management also offers online decision support tools (https://www.vims.edu/ccrm/ccrmp/bmp/decision_tools/index.php) to assist in choosing the appropriate practice for a specific site.  Virginia DEQ should be consulted as to whether any individual proposed projects meets appropriate conditions to implement this BMP type.
As outlined in Recommendations of the Expert Panel to Define Removal Rates for Shoreline Management Projects, living shoreline projects can take three forms: 
a) Nonstructural – includes vegetative plantings, coir fiber logs or other natural materials, and beach nourishment
b) Hybrid system including a sill
c) Hybrid system including a breakwater 
Nonstructural systems are better suited for low energy wave environments, while hybrid systems can be used in a wider variety of habitats with slightly higher wave energy (VADEQ, 2012). 
The practice must meet BOTH of the following criteria in order to receive credit for a pollutant load reduction: 
1. The site is currently experiencing shoreline erosion or is replacing existing armor. The site was degraded, vegetated, and excess sediment was removed or used. 
2. A marsh fringe habitat (a or b, above) or beach/dune habitat (c) is created, enhanced, or maintained
The best summary of design requirements that must be met for this BMP type comes from the permits required for the projects. The Virginia Marine Resources commission issues two types of general permits (Group 1 and Group 2) to streamline the permitting process for living shoreline projects. The requirements of these permits and more detailed design guidelines are outlined in Living Shoreline Design Guidelines for Shore Protection in Virginia’s Estuarine Environments (VIMS, 2017). The Group 1 permit authorizes the placement of certain specified sand fill, fiber logs, fiber mats, shell bags, and temporary grazing protection in tidal wetlands landward of mean low water to improve growing conditions for wetland vegetation. The design criteria a project must meet to qualify for this permit include: 
· Maximum fetch (the distance wind travels over water before meeting the shoreline) < 0.5 mile in any direction
· Sand fill cannot exceed the elevation of jurisdictional tidal wetlands (1.5 times the mean tide range above mean low water)
· Appropriate wetland vegetation shall be planted in all suitable sand fill areas
· Fiber logs, fiber mats and shell bags may be used to create a sill or otherwise support vegetation growth; if available, biodegradable materials are encouraged
· Temporary grazing protection may be used and shall be removed after establishment
· A brief monitoring report must be developed at the end of first full growing season following planting and after the second year of establishment
· Replanting and sand fill to address problem areas and restore the originally proposed elevation are allowed 
The Group 2 Permit covers another type of living shoreline projects. The activities allowed under the Group 2 Permit include structural design elements not covered by the Group 1 general permit, plus treatments that encroach into state-owned submerged lands. The design criteria for this permit include but are not limited to:
· There is clear evidence of active detrimental erosion at the project site and the maximum fetch does not exceed 1.5 miles in any shore angle direction.
· The maximum water depth at the sill location shall not exceed 2 feet at mean low water and the landward edge of the sill shall not be located further than 30 feet channelward of mean low water. 
· The project shall include an existing or created tidal wetland with a minimum total width of 8 feet.
· For unaltered shorelines, the proposed living shoreline components are the only shoreline protection structures proposed along the specific shoreline segment.
· Marsh toe revetments and sills shall be constructed of riprap or alternative materials. The materials shall be of sufficient weight or adequately anchored to prevent being dislodged by anticipated wave action. 
· Marsh toe revetments, sills, and associated fill shall not be placed on submerged aquatic vegetation.
· Sills shall be designed and constructed with a minimum of one 5-foot wide gap or window per property and per 100 linear feet.  
Monitoring
While monitoring is not required per se in order to receive credit for shoreline stabilization, the permits required for living shoreline projects typically do require monitoring, and several of the crediting protocols require data that is typically acquired through monitoring. Under the Group 1 Permit described above, a brief monitoring report must be developed at the end of first full growing season following planting and after the second year of establishment. 
Initial verification of the project should involve the crediting party providing post construction documentation (e.g. construction drawings, credit calculations, digital photos, post construction monitoring, inspection records, maintenance agreements) to the reporting agency. The project should be inspected once every five years (Forand et al., 2017).   
Planning Level Pollutant Load Removal Calculations
The expert panel report describes four protocols and a default rate to calculate load reduction credit for living shoreline management projects. 
· Protocol 1: Prevented Sediment – Provides an annual mass sediment reduction credit for qualifying shoreline management practices that prevent tidal shoreline erosion that would otherwise be delivered to nearshore/downstream waters. The pollutant loads are reduced for sand content and bank instability (based on the state’s assessment). 
· Protocol 2: Credit for Denitrification – Provides an annual mass nitrogen reduction credit for qualifying shoreline management practices that include vegetation. 
· Protocol 3: Credit for Sedimentation – Provides an annual mass sediment and phosphorus reduction credit for qualifying shorelines management practices that include vegetation. 
· Protocol 4: Credit for Marsh Redfield Ratio – Provides a one-time nutrient reduction credit for qualifying shoreline management practices that include vegetation. 
· Default Rate – For the state of Virginia, the expert panel determined the following default rates for pollutant load reductions for non-conforming or existing projects: 
· Total Nitrogen = 0.01218 lb/linear ft
· Total Phosphorus = 0.00861 lb/linear ft
· Total Suspended Sediment = 42 lb/linear ft
Protocols 1 through 4 all require specific post-construction monitoring or modeling to calculate actual load reductions achieved by the project. For planning purposes (i.e., for the purposes of TMDL Action Plan development) the Bay Program recommends use of the default rates for pollutant load removals. 
Based on use of the default load reduction rates, as recommended by the Chesapeake Bay Program for planning purposes, NPS will need to provide the estimated length of living shoreline/shoreline rehabilitation meeting these design requirements that will be achieved during the Dyke Marsh and/or Roaches Run wetlands restoration projects in order to determine the potential load reduction from this project.
Credit Duration
Shoreline management pollutant load reduction credit is for five years, after which the practice can be reevaluated for continuing credit. 
Outfall and Gully Stabilization
Description of Practice
Outfall and Gully Stabilization Projects (OGSP) are an engineering approach to design a stable channel to dissipate energy that extends from the upland source (such as an outfall) to the stream channel. The new channel is designed and constructed to minimize or altogether eliminate future sediment loss. Acceptable OGSP practices provide a permanently stable connection between upland runoff sources and receiving streams by utilizing engineering practices such as grading, step-pools, cascades, and rock toe protection within the typically steep headwater transition zone. 
In cases where the practices mentioned above are not feasible due to site constraints, other engineering solutions - such as drop structures, extension of an existing storm drain pipe or stormwater collection feature, and scour protection - may be considered. These other engineering solutions should be minimized to what is necessary to manage site connections and will not be granted credit if they extend beyond what is necessary to manage site conditions. Projects or portions of projects that utilize hard engineering practices such as dumped riprap, trapezoidal concrete channels, and gabion features are not acceptable for OGSP credit.
Required Consideration for Chesapeake Bay TMDL Load Reduction Credits
Design Guideline
In Recommendations for Crediting Outfall and Gully Stabilization Projects in the Chesapeake Bay Watershed, the expert panel adapts the existing crediting protocols for stream restoration for use for OGSP projects. Thus, much of the guidance for stream restoration is relevant to outfall and gully stabilization. The panel outlines the following design guidelines required for projects to receive pollutant load reduction credit for OGSP projects: 

· The channel or gully slope below the source must exhibit predictive indicators for severe erosion or hill-slope failure and must be observed to be actively enlarging or degrading. Predictive indicators can include: a higher value of existing slope to equilibrium slope of greater than 25%, observations of tension cracks in a sediment profile upstream of a stream bed, knickpoints or head cuts greater than 6 inches in height, bulging of material at a headwater feature, toe of slope indicative of planar/slab failures, rotational failures, or composite bank failures.

· The project should utilize a comprehensive approach to stream[footnoteRef:2] channel design, addressing long-term stability and resiliency of the channel, banks, and floodplain.  [2:  Note that the Expert Panel report uses the word “stream” in their report. However, in the context of this BMP, the term “channel” is probably more appropriate.  ] 


· Each project must comply with all state and federal permitting requirements, including Clean Water Act Section 404 and Section 401 permits, which usually contain conditions for pre-and post-project assessment and post construction monitoring. 

· Before credits are granted, OGSPs will need to meet post-construction stability criteria and successfully establish needed vegetation. Projects should maintain or improve existing native riparian vegetation in the headwater stream corridor[footnoteRef:3] to the extent possible. Projects should follow regulatory agency guidance regarding compensation for any losses of forest, wetlands and sensitive habitats within project work areas.  [3:  See note above. Here, the term “headwater stream corridor” should probably be understood as the area around the outfall rehabilitation project area.] 


The expert panel decided that certain requirements for stream restoration projects could be relaxed for outfall restoration practices, including the following: 
· Limited use of pipe systems within OGSP projects are eligible for credit if they are needed to sustain channel stability and do not introduce new aquatic organism passage issues. Projects should always seek to improve passage of aquatic organisms where possible. 
· OGSPs do not need to meet the minimum project reach length that applies to downstream stream restoration projects (100 feet). This exception is allowable due to inherent slope/degradation issues in steep systems and the relatively large pollutant releases that can occur in reaches less than 100 feet. Actual project length for OGSPs is typically determined by equilibrium slope analysis, but is usually less than 500 feet. The length of projects is typically constrained by the distance from an outlet to the confluence with a receiving channel or the base level control point. 
· OGSPs are typically applicable (but are not limited) to the headwater transition zone (HTZ), which is the channel/slope extending from the upland runoff source to the perennial stream network where there is an exceptionally high potential for sediment erosion and which may lack perennial or seasonal flow. It is important to note that OGSPs convey flow into stream channels that may be part of connected stream restoration projects. Headcut areas are eligible for OGSP credit when connected to or within creditable stream restoration projects. These types of projects, which include headcut areas connected to stream restoration, would be required to meet the conditions of any permits, as well as the qualifying conditions for both stream restoration projects and OGSPs. 
Monitoring
Post-construction monitoring will likely be required in the Clean Water Act Section 404 and Section 401 permits for outfall stabilization projects. Guidelines recommended by Virginia Tech (Hickman, 2017) for post-construction monitoring of step pool storm conveyance as a means for outfall stabilization include the following: 
· Monitor pool depth to ensure the pools are not aggrading or degrading; 
· Remove accumulated sediments or replace the bed media as necessary to maintain infiltration;
· Examine the SPSC vegetation to ensure that establishment is sufficient for erosion prevention;
· Regularly examine the surrounding slopes for erosion, particularly where the weirs meet the surrounding slopes;
· Regularly examine the weirs for rock displacement after large flow events;
· Regularly examine the receiving stream for aggradation or degradation caused by the SPSC structure.
Planning Level Pollutant Load Removal Calculations
The protocols and default rates established by the expert panel for pollutant load reductions by stream restoration projects (see discussion of Planning Level Pollutant Load Removal Calculations for stream restoration, above) are also applicable to outfall stabilization projects. The expert panel recommended an additional Protocol 5, developed by the Maryland Department of Transportation State Highway Administration (MDOT SHA), as an alternate means for calculated prevented sediment from Protocol 1. Protocol 1 should be used in reaches dominated by lateral erosion and Protocol 5 in areas of vertical degradation. 
· Protocol 5: Alternative Prevented Sediment for Outfalls - uses a 5-step process to define the equilibrium headwater channel condition as a means of estimating prevented sediment loss from outfall and gully stabilization projects (MDOT SHA 2018)
Similarly to Protocols 1-4, Protocol 5 requires post construction measurements and modeling to calculate pollutant loads removed. 
[bookmark: _GoBack]For planning purposes (i.e., for the purposes of TMDL Action Plan development), the Bay Program recommends use of the default rates for stream restoration for calculation of pollutant load removals. These are summarized below:
· 0.075 lbs TN/linear ft/yr 
· 0.068 lb TP/linear ft/yr 
· 248 lb TSS/linear ft/yr  
Credit Duration
Outfall stabilization pollutant load reduction credit is for five years, after which the practice can be reevaluated for continuing credit. 
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