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Overview
Projects that remove muck overlying the natural substrate of the St. Lucie River and its tributaries are beneficial to the recovery of seagrass, a critical habitat within the system.  Muck deposits contain nutrients that flux into the water column, increasing abundance of phytoplankton, drift macroalgae, and epiphytes that attenuate light and constrain seagrass growth and extent.  Additionally, seagrass cannot grow in bottom areas with mucky substrate, further limiting the locations where they can exist.  When muck is suspended within the water column due to wind or human activities such as boating, these suspended solids limit light availability and suppress seagrass growth.  Even for deeper water areas without seagrass growth, muck remains a nutrient source that potentially affects a broader area of the river through nutrient flux and resuspension of fine sediments and their subsequent transport.  For these reasons, FDEP considers the control and removal of muck deposits within the St. Lucie Basin as a potential beneficial nutrient reduction strategy. 

Most muck originates from upland soils.  For this reason stringent land-based source control measures to control erosion are needed.  Without source controls in place, muck removal will need to be frequently repeated, which is neither cost-effective nor beneficial to the river’s health.  Muck removal projects should be performed in conjunction with soil and vegetation retention programs and public awareness activities that limit the amount of material that is deposited into the river.

Muck removal projects are required to meet applicable permitting requirements and any associated evaluation and tests of the muck as specified by state and federal regulatory agencies.

Requirements for Muck Removal Project Credit
In order to receive BMAP credit for nutrient reductions, muck removal projects must meet the following criteria:

1. Definition of Muck/Minimum Thickness for Credit:  In order to be considered “muck,” the material removed must be black in color, contain clay or silt that is greater or equal to 50% of the sample by volume, and contain greater or equal to 5% organic matter by volume.  An average minimum thickness of 30 centimeters (about 1 foot) of material is recommended to be considered a significant muck deposit technically feasible for removal and worthy of credit.  Thickness of the deposit can be measured using a graduated metal rod pushed into the sediment to the point of refusal.  An estimate of the area of material to be removed that meets the above definition is also needed.  Scientific evidence indicates that deposits as thin as 2-5 centimeters do contribute to nutrient flux; however, the cost of removing only the shallow deposit may be prohibitive unless performed in conjunction with removal of thicker deposits of coarser sediment for other purposes.  It should also be taken into consideration that a net flux of nutrients from the sediment is dependent upon the presence of a gradient of nutrient in the sediment and a carbon source.  Very thin layers of muck may cease to have a net flux of nutrients.  Credit can be given for the muck deposits removed in the range of 5 to 30 centimeters in depth if the dredging is still to the natural substrate.
2. Removal to the Natural Substrate:  Muck must be completely removed down to the natural substrate to the maximum areal extent possible, with consideration to safety and engineering limitations.  Even a small layer (2-5 centimeters) of remaining muck may continue to flux nutrients into the water column and can significantly minimize the nutrient reduction benefits of the project unless all the muck is removed from the area.  However, the limits of nutrient flux listed under bullet number 1 apply.  The intent of this guidance is to encourage environmental dredging that maximizes muck removal.  It may not be possible to remove sediment close to structures, stream banks, and canal walls.  The effect of structures and banks on dredging credits will vary by situation, but in general, the areas not dredged are not included in the area requested for credit. 
a. The more material that cannot be removed increases the likelihood that the bottom will be recovered by the muck left behind negating the benefit of its initial removal and losing the project credit awarded for the initial dredging.  Table 1 outlines the discount rates and bullet number 5 discusses effects of redeposition of muck on credit.
3. Upstream Limit:  Measurable salinity or presence of a dam or other control structure that bisects a waterway is a reasonable upstream boundary for dredging credits.  This limit is supported for two reasons.  The first reason is there may not be a hydrologic connection between the most upstream reaches of a tributary and the St. Lucie River, and these are reasonable indicators of the upper limits of mixing of estuarine and fresh water.  Sediment material and nutrients fluxed from that material in the most upstream reaches may not reach the river.  The other reason is that finer-grained cohesive sedimentary material and organic matter suspended in the water column will start to flocculate as salt concentration increases.  These larger flocs settle out of the water column as sediment deposits.  It is about at 1 part per thousand of salinity where settling of flocs occur.
4. Materials Stored Away from Surface Waters:  Muck materials must be completely removed from contact with the surface waters and disposed of in a location where they cannot enter the river or its watershed drainage conveyances.  The distance from surface waters that the muck materials must be stored will be determined on a case-by-case basis, depending on the site conditions.  The chemical composition of the muck (presence of contaminants of concern) will influence how disposal is handled.  Permit requirements may dictate the storage and handling of removed muck.
5. Flux Rate Based on Literature or Site-specific Measurements:  To be determined for the St. Lucie Basin.  
6. New Deposition Rates Reported:  Post-project deposition rates must be measured every 5 years and reported to FDEP in order to evaluate whether project credit can be time-extended or applied to subsequent BMAP iterations (see requirement 9 below).  The amount of credit in future years may be reduced based on the rate of new deposition.
7. Past Projects:  As with all St. Lucie BMAP projects, credit is limited to projects initiated on or after January 1, 2000.  Credit for past projects can be counted only if detailed information, as described above, is available to calculate credit, including the amount of post-project deposition.  The amount of credit applied in this iteration may be discounted if new deposition is significant (≥10 cm) and therefore diminishes the project’s nutrient load reduction benefits.  A new deposition depth of 10 cm or greater, as an average, would no longer be considered to have any benefit towards TMDL nutrient reductions.

Table 1.  Discount Rates for New Deposition
	New Deposition Amount (rounded to the nearest cm)
	0 – 4 cm
	5 cm
	6 – 7 cm
	8 – 9 cm
	≥10 cm

	Discounted benefit of project
	No discount applied
	50%
	65%
	80%
	100%  (no credit applied)



8. Calculations:  The total nitrogen (TN) and total phosphorus (TP) credits for muck removal will be calculated as follows:

Eq.1.  Fluxmuck – Fluxnatural = Fluxnet

[bookmark: _GoBack]Eq. 2.  TN or TP Credit (lbs/yr) = Fluxnet (kg/km2/yr) * total area dredged (km2) * 2.2046(lbs/kg)

To assign credit to a past project, the discount rate for any new muck deposition 5 cm or greater following a project’s completion will be applied as a 0.5, 0.35, or 0.2 multiplier to Eq. 2 depending upon its measured thickness rounded to the nearest centimeter (see Table 1).

9. Time Limitation:  
a. Muck deposition is a nearly continuous process due to upland runoff; therefore, credits assigned to a muck removal project are time-limited to a maximum of 10 years. 
b. To provide incentive for dredging very thick muck deposits (>30 cm), the initial time limit of 10 years can be further extended 1 year for each 30-cm depth increment above the first 30 cm (minimum thickness allowed) up to 5 additional years.
c. The initial time limit of 10 years, or up to 15 years for a project that removed very thick deposits, can be extended an additional 10 years for a total time limit of 20 years or up to 25 years, respectively, if the stakeholder can demonstrate that effective upland source controls are in place or in progress, and the muck deposition rate averages ≤0.25 cm/yr or ≤4 cm/10 yr over the affected project area. 
d. At the end of the total time limit assigned to a project that does not meet the conditions in 9c (10 years or up to 15 years for removal of very thick deposits), load reduction credits applied to that project will end.  However, full or discounted credits can be re-instated to the project area by documenting that the muck deposit thickness averages <10 cm, or by re-dredging the muck in accordance with the requirements 1 through 10.
e. At the end of the total time limit assigned to a project that does meet the conditions in 9c (20 years or up to 25 years for removal of very thick deposits), load reduction credits applied to that project will end.  However, full or discounted credits can be re-instated to the project area by documenting that the muck deposit thickness averages <10 cm, or by re-dredging the muck in accordance with the requirements 1 through 10.
f. For projects with new muck deposition greater than 4 cm/10 years, project credits will be reduced based on the discount rates listed in Table 1.  Either a new dredging project or other nutrient removal project or activity can be used to make up the lost credits. 

Source Control Requirements
An important component of providing credits for muck removal is the implementation of actions that limit the deposition of upland sediments in the river and its tributaries. Many of the activities required by municipal separate storm sewer system (MS4) permitting also address control of upland erosion and are appropriate source control measures.  Source control actions or programs that can be considered as a minimum for credit include:

1. Erosion and Sediment Control Ordinance;
2. Landscaping Ordinance;
3. Street Sweeping; and
4. Maintaining a Vegetative Cover on Banks of Drainage Features (canals, ditches, stream bank), whenever possible.

The implementation of additional best management practices or educational activities that address erosion of upland soils is encouraged. Some examples of other activities include construction of riparian buffers along waterways, citizen outreach programs that encourage protection of riparian areas located on private property, or construction of rain gardens.  Vegetated buffers may be one of the most effective practices to use to remove sediment and nutrients.  Data collected in studies to determine the appropriate width of riparian buffers for nutrient and sediment control provides some guidance in the distance for dredged material storage.  Vegetated buffers are effective in controlling suspended solids and reducing nutrients both as surface and subsurface discharges (Mayer et al., 2006).

Muck Survey, Collection, and Measurement Methods
The muck deposit will be surveyed to determine average minimal depth.  Material will need to be collected and tested for particle size and organic content to characterize the physical properties of the muck deposit and whether or not those properties meet the definition of a creditable muck deposit.  Sampling should complement data collection requirements specified in permits. Several different factors need to be considered before sampling is initiated.
1. Collection of Muck Samples:  Samples of muck can be collected using several different pieces of equipment including corers, scoops, and dredge/grab samplers.  FDEP standard operating procedure (SOP)-001/01 FS 4000 Sediment Sampling describes the different sampling devices and collection methodologies.   The FDEP protocols are available at: http://publicfiles.dep.state.fl.us/dear/sas/sopdoc/2008sops/fs4000.pdf. 
2. Laboratory Analysis: The U.S. Army Corps of Engineers (USACE) identifies appropriate laboratory methods for characterizing the physical properties of muck.  Table 3 lists some of the more common methods.  The standard sieve test will not work well with fine grained material; the hydrometer and pipette tests are recommended for fine grained sediments. Additional information is available from the USACE’s website at http://el.erdc.usace.army.mil/dots/guidance.html. 

Table 3. Standard Laboratory Sediment Characterization Test Procedures
	Method
	ASTM
	AASHTO
	USACE
	DoD
	CSSS

	Grain Size Standard Sieve Test
	D422-63
	T88
	V
	2-III, 2-V, 2-VI
	47.4

	Grain Size Hydrometer Test
	D422-63
	T88
	V
	2-III, 2_V, 2-VI
	47.3

	Grain Size Pipette Test
	
	
	
	
	47.2

	Organic Content /Organic Matter
	D2974 method C
D2487-93
	
	
	
	


Notes: Information compiled from USACE Technical Note DOER-C2 (May 1999) and ERDC TN-DOER-N% (July 2000)
ASTM = American Society for Testing and Materials (1996)
AASHTO = American Association of State Highway and Transportation Officials
USACE = U.S. Army Corps of Engineers (1986)
DoD= Department of the Army (1987)
CSSS = Canadian Society of Soil Science (Carter, 1993)

3. Surveying and Sampling Strategies: The muck survey and sample collection should be conducted in a manner that ensures that the material collected characterizes the muck deposit that will be dredged.  Sediment properties vary spatially and also vary vertically within a muck deposit.  Consideration should be given to collecting samples from areas that are physically and hydraulically different from each other.
4. Measurement of Depth and Deposition: Depth of muck can be measured with a graduated metal rod pushed into the deposit to the point of refusal.
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