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Description of Impaired Water Body
This section describes the Biscayne Bay water body and associated watershed area as well as applicable water quality standards and the impairment of Biscayne Bay. Biscayne Bay, located within coastal Miami-Dade County, is a subtropical, shallow estuary in southeast Florida. Biscayne Bay in its entirety encompasses nearly 430 square miles in area with a watershed area of approximately 938 square miles (Caccia and Boyer, 2005).  In general, the bay is shallow and well-mixed, with depths that range from about 0.5 to 3.0 meters (m), except for dredged areas, where depths may exceed 12 m (Caccia and Boyer, 2007; Roessler et al. 1975 in Caccia and Boyer 2005).  However, in recent years, mixing in certain shallow areas of northern Biscayne Bay can be limited, where flushing is minimal and inputs from canals and other sources can be notable. This phenomenon was evident during the fish kills of August 2020 and September 2021. There are several major conveyance canals that discharge freshwater into the bay and provide flood control for upstream areas in the watershed. The timing and quality of freshwater discharges have been significantly modified from historical natural conditions, which have resulted in a number of adverse effects such as lowered regional and coastal water tables (Parker et al. 1955), reduced overland water storage in the watershed, decreased groundwater flow, and elimination of natural tributaries (CERP, 2010).  Nutrient pollution can also be conveyed via groundwater to canals, and to a much smaller extent, atmospheric deposition.
For the purposes of this Clean Water Act (CWA) Section 303 (d) Category 4b RAP, the description of the impaired water body will focus on the North Biscayne Bay study area.  The RAP study area is located within portions of unincorporated Miami-Dade County and the following municipalities: Biscayne Park, El Portal, Miami, Miami Shores, North Bay Village, North Miami and North Miami Beach (Figure 2-1).  The proposed study area contains portions of the Little River (C-7)  and Biscayne Canal (C-8) Watersheds, which discharge to the west side of the bay. The RAP study area is comprised of 36.8 square miles (23,569 acres), which also includes a portion of North Biscayne Bay. Water Body Identification units (also known as WBIDs) within the RAP study area include WBID 3226H5 (ICWW - Northern North Bay), WBID 3226H6 (ICWW - Southern North Bay), WBID 3285 (C-8/Biscayne Canal) and WBID 3287 (C-7/Little River). 
[bookmark: _Toc108089411][bookmark: _Hlk109291834]2.1 Historical Information and Applicable Water Quality Standards Including Designated Uses
The CWA requires that the surface waters of each state be classified according to designated uses. “Designated use” as defined by FDEP means the present and future most beneficial use of a body of water as designated by the Environmental Regulation Commission (ERC). The CWA further requires that each designated use is to be regulated by the definition of water quality standards, which includes designated use classifications, water quality criteria (including site-specific criteria) associated with each designated use for protection, antidegradation policy (allows for the protection of water quality above the minimum required for a classification) and special protection for certain waters (Outstanding Florida Waters - OFWs). 


Figure 2-1 Municipalities within the Reasonable Assurance Plan Study Area 

[bookmark: _GoBack]Within the RAP Study Area Biscayne Bay is a Class III marine water body meaning its designated use is to support fish consumption, recreation, and propagation and maintenance of a healthy, well-balanced population of fish and wildlife in marine water.  To protect present and future beneficial uses, water quality criteria have been established for each classification. The criteria are located in Rules 62-302.500 and 62-302.530, F.A.C.  Biscayne Bay was also designated as an Outstanding Florida Water (OFW) as well as has two designated state Aquatic Preserves. Biscayne Bay was designated as an OFW at different dates; the two aquatic preserves in 1979 and 1982, respectively per 62-302.700, F.A.C.: Special Protection, Outstanding Florida Waters, Outstanding National Resource Waters. The Biscayne Bay Aquatic Preserve was designated in 1974 and the Biscayne Bay - Cape Florida to Monroe County Line Aquatic Preserve was designated in 1975. Biscayne National Park was designated a national monument in 1968 and a national park in 1980. The boundaries of these areas that are recognized today were solidified in 1980 when the State of Florida donated tens of thousands of acres of submerged lands from the Aquatic Preserves to the newly designated National Park, thereby forever altering the management and regulatory authorities of a significant portion of the county’s area. 	Comment by Author: Additional rules should be added here. Specifically, we suggest adding Rules 62-302.532 and 62-302.533, F.A.C.	Comment by Author: Consider revising this sentence...Biscayne National Park was designated as an OFW as well and is not mentioned. The two OFWs associated with water within state aquatic preserves are Biscayne Bay (Cape Florida) designated in 1979 and Biscayne Bay (Card Sound) designated in 1982.
Water quality in the bay has been monitored for over 40 years. In 2011, FDEP developed the Site-Specific Information in Support of Establishing Numeric Nutrient Criteria in Biscayne Bay document (FDEP, 2011) to define the nutrient targets for the bay. The document discusses historical water quality and the methodology for setting the nutrient targets for the bay, which are summarized in the following paragraphs, with specific focus on North Biscayne Bay.
In the North Biscayne Bay and western margin of the bay, water quality shows signs of long-term exposure to high density urbanization and older infrastructure. Sampling conducted between 1994 and 2003 (Caccia and Boyer, 2005) indicated that nitrogen species were highest during the wet season (coinciding with periods of greater canal discharges) and there was a strong gradient from inshore out towards the open bay. Contrary to nitrogen, total phosphorus (TP) and soluble reactive phosphorus (SRP) did not show a gradient with distance from the shore, although TP was also higher during the wet season. TP concentrations in North Biscayne Bay were significantly higher compared to other regions of the bay throughout the year. The highest median chlorophyll a concentrations were also found to be in the North Biscayne Bay area compared to other zones of Biscayne Bay.  Biscayne Bay has experienced notable seagrass die-offs in the last decade. They are associated with three regions of the Bay including Barnes Sound and Manatee Bay basins, the central portion of the bay near Coral Gables, and the basins north of Rickenbacker Causeway which have experienced seagrass losses ranging from approximately 66 to 89 percent (Miami Dade County, 2019).
During the development of the proposed numeric nutrient targets for Biscayne Bay, FDEP recommended regionalizing the bay into sub-basins with similar water quality characteristics. For the purposes of this RAP, the study area includes portions of the Northern North Bay (NNB) and Southern North Bay (SNB) sub-basins as defined by FDEP (see Figure 2-2). The Numeric Nutrient Criteria (NNC) developed by FDEP are based on water quality data collected from 1995 to 2009 by Florida International University (FIU). When setting criteria, FDEP considered magnitude, frequency, and duration components.  The magnitude component represents a level of nutrients demonstrated to be protective of the designated use (Class III). To provide a consistent and appropriate level of protection, the duration and frequency components of the criteria must also 

Figure 2-2 Nutrient Region Subbasins within Reasonable Assurance Plan Study Area
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be consistent with the derivation of the magnitude component.   Therefore, the proposed criteria applied by FDEP was such that the 80th percentile of  the annual geometric mean (AGM) cannot exceed the threshold more than once in any 3-year period. The existing long-term geometric mean and the NNC AGM proposed by FDEP for the NNB and SNB sub-basins are summarized below in Table 2-1.  The applicable NNC for the NNB and SNB sub-basins are defined in Subparagraphs 62-302.532(1)(h)5., F.A.C. and 62-302.532(1)(h)9., F.A.C.
Table 2-1 Numeric Nutrient Criteria (NNC) Applicable to Biscayne Bay
	Parameter/Estuary Segment
	Existing Long-Term Geometric Mean 
	Maximum AGM 
(not to be exceeded more than once in a 3-year period)

	Total Phosphorus

	Northern North Bay (ENRH5)
	0.010 mg/l
	0.012 mg/l

	Southern North Bay (ENRH9)
	0.008 mg/l
	0.010 mg/l

	Total Nitrogen

	Northern North Bay (ENRH5)
	0.24 mg/l
	0.30 mg/l

	Southern North Bay (ENRH9)
	0.23 mg/l
	0.29 mg/l

	Chlorophyll a

	Northern North Bay (ENRH5)
	1.41 µg/l
	1.70 µg/l

	Southern North Bay (ENRH9)
	0.85 µg/l
	1.10 µg/l


Source: FDEP 2011
[bookmark: _Toc108089412]2.2 Impaired Waters Rule Information
The Final List of Assessments for the Group 4 Basins for the Verified List of Impaired Waters was adopted by a Secretarial Order and signed by the FDEP Secretary on June 27, 2017.  Group 4 includes the Southeast Coast – Biscayne Bay basin, which includes the RAP study area. Water quality data collected during the Verified Period (January 1, 2009 through June 30, 2016) were used by FDEP to verify the impairment of Biscayne Bay (WBID 3226H). AGMs exceeded the NNC more than once in a 3-year period for chlorophyll a; thus, it was designated as impaired and given the Office of General Council (OGC) Case Number of 17-0426. Verified period data for the estuary segments for NNB and SNB are summarized in Table 2-2. As can be seen in the table, the AGM for chlorophyll a in NNB exceeded the criterion six consecutive years from 2010 through 2015. For SNB, the criterion for chlorophyll a was exceeded 3 consecutive years from 2013 through 2015.	Comment by Author: Include cycle number here..."Group 4 Cycle 3"	Comment by Author: I think it should be included that the boundary of WBID 3226H has been revised into WBIDs 3226H5 and 3226H6 and both of the new WBIDs are currently impaired. This assessment update will be fully reflected during the current biennial assessment cycle.	Comment by Author: and added to the state's verified list
[bookmark: _Toc108089459]Table 2-2 Verified Period Assessment Data for Chlorophyll a
	Year
	Northern North Bay (NNB) AGM (ENRH5)
	ENHR5 Criterion AGM Concentration
	Southern North Bay (SNB) AGM (ENRH9)
	ENHR9 Criterion AGM Concentration 

	2009
	1.6 µg/l
	AGM ≤ 1.7 µg/L
	0.3 µg/l
	ENRH9: AGM ≤ 1.1 µg/L

	2010
	2.6 µg/l
	AGM ≤ 1.7 µg/L
	1.1 µg/l
	ENRH9: AGM ≤ 1.1 µg/L

	2011
	2.3 µg/l
	AGM ≤ 1.7 µg/L
	0.9 µg/l
	ENRH9: AGM ≤ 1.1 µg/L

	2012
	2.2 µg/l
	AGM ≤ 1.7 µg/L
	0.8 µg/l
	ENRH9: AGM ≤ 1.1 µg/L

	2013
	2.1 µg/l
	AGM ≤ 1.7 µg/L
	1.5 µg/l
	ENRH9: AGM ≤ 1.1 µg/L

	2014
	2.3 µg/l
	AGM ≤ 1.7 µg/L
	2.0 µg/l
	ENRH9: AGM ≤ 1.1 µg/L

	2015
	2.2 µg/l
	AGM ≤ 1.7 µg/L
	2.1 µg/l
	ENRH9: AGM ≤ 1.1 µg/L


Source: FDEP 2017
[bookmark: _Toc108089413]2.3 Parameters of Concern
[bookmark: _Toc108089414][bookmark: _Hlk109290923]2.3.1 Current Water Quality in Biscayne Bay
In May 2018, the Miami-Dade County Board of County Commissioners adopted a resolution directing the County to develop and implement an annual report card to evaluate the health of Biscayne Bay. Three major categories of Biscayne Bay health were identified to provide a representative evaluation of the bay’s ecosystem health: water quality, habitat, and fisheries. Thresholds were established for each indicator based on criteria in scientific literature and through analysis of the County’s historical record of data. This process included developing a baseline level of health for the bay that will be used for comparison from year to year.  Threshold ranges were established for each parameter and a red, yellow, or green “stop-light” score is assigned to each parameter. The annual “stop-light” scores are calculated and assigned for each parameter as measured against the baseline. This report card is provided to the County Commission. 
The baseline for the selected water quality and submerged aquatic indicators is used to evaluate the status of the health of Biscayne Bay year to year in the annual report card. Historical baseline data for these indicators are based on the years 1996-2004, which are noted in scientific literature by Briceño et. al. (2010) as representative of fairly good ecological conditions for Biscayne Bay, and where the data were independent of disturbed conditions such as storms, hurricanes or other major events. In scoring the water quality for a given year, County staff calculate the AGM for each nutrient parameter (total nitrogen, total phosphorus, and chlorophyll a) using data from the County’s Surface Water Quality Monitoring Program and compare the calculated AGM values to the “long-term limit” and “upper limit”, but also to the 25th Percentile of DERM's data during the 1996-2004 period. This timeframe of 1996-2004 also represents the historical record used to establish the baseline for the state of Florida’s NNC for the nine nutrient regions in Biscayne Bay, as per Chapter 62-302, F.A.C. It should be noted that the State of Florida’s thresholds for each parameter are higher than the report card thresholds (i.e., the state’s NNC for total phosphorus in Northern North Bay is 12 parts per billion (ppb) whereas the “upper limit” and “long-term limit” for this region are identified as 9 ppb and 4 ppb, respectively).
The annual geometric mean within each geographic nutrient region was calculated and compared to its corresponding value shown in Table 2-3 to determine its Likert score. The combined average of Likert scores for the indicators were translated into three categories representing good conditions (green), bad conditions (red), and fair conditions (yellow). Likert score values are determined by comparing the AGM, calculated for each of the nutrient indicators to the “long-term limit” and “upper limit” established by Briceño et al. (2010). “Good” conditions are determined on the Likert scale when the calculated mean is less than the 25th percentile of the County’s 1996-2004 data (i.e., the lowest nutrient values observed during the “ecologically ideal” range of time per Briceño et. al.) or falls between the “long-term limit” and 25th percentile. “Fair” conditions are assigned to those parameters with an annual geometric mean that falls between the “long-term limit” to 80% of the “upper limit” threshold. “Poor” conditions are assigned to those parameters with annual geometric means that fall between 80% of the “upper limit” to the “upper limit” threshold as well as any means that exceed the “upper limit”.
[bookmark: _Toc108089460]Table 2-3 Nutrient Score Criteria Used to Derive the Stoplight Score
	Range Criteria for the Nutrient Annual Geometric Mean (AGM)
	Likert Score
	Stoplight Score

	<25th percentile of County data representative of ecologically healthy conditions between 1996-2004
	5
	Green

	25th percentile of County data to Long-Term Limit
	4
	Green

	Long-Term Limit to (0.8 * Upper Limit)
	3
	Yellow

	(0.8 * Upper Limit) to Upper Limit
	2
	Red

	> Upper Limit
	1
	Red


Source: Miami-Dade County
The water quality report card results for nutrients during the period 2018 through 2020 for the bay segments within the RAP Study Area are summarized below in Table 2-4.  As can be seen, all parameters received a “poor” rating for the years listed with the exception of NNB-B for Total Nitrogen (TN) in 2018 and 2019 and TP in 2020.
[bookmark: _Toc108089461][bookmark: _Hlk108082408]Table 2-4 Biscayne Bay Water Quality Report Card Scores for Nutrients
	Basin
	Parameter
	2018 AGM
	2019 AGM
	2020 AGM
	2021 Score

	Northern North Bay – B (NNB-B)
	Chlorophyll a (µg/l)
	2.237
	1.525
	2.48
	Poor

	
	Total Nitrogen (mg/l)
	0.258
	0.264
	0.325
	Poor

	
	Total Phosphorus (mg/l)
	0.008
	0.008
	0.007
	Fair

	Southern North Bay – A (SNB-A)
	Chlorophyll a (µg/l)
	1.973
	1.733
	2.221
	Poor

	
	Total Nitrogen (mg/l)
	0.394
	0.337
	0.391
	Poor

	
	Total Phosphorus (mg/l)
	0.012
	0.011
	0.011
	Poor


Source: Miami-Dade County
*Red and yellow highlight indicates poor and fair scores, respectively
The 2021 Biscayne Bay Water Quality Report card indicated “poor” ratings for NNB-B and SNB-A for both chlorophyll a and TN. TP was rated “fair” for NNB-B and “poor” in SNB-A. According to the 2021 Biscayne Bay Water Quality Report Card, TP is considered to be the limiting nutrient in the Biscayne Bay estuary.
[bookmark: _Toc108089415][bookmark: _Hlk109290951]2.3.2 Water Quality Trends and Spatial Variability 
Millette et. al (2019) examined water quality data collected at 48 stations throughout Biscayne Bay over a 20-year period (1995–2014) to identify water quality trends associated with eutrophication. It was observed that chlorophyll a and phosphate concentrations have increased throughout Biscayne Bay over time, which is a primary indicator of eutrophication. In the northern portions of Biscayne Bay, chlorophyll a concentrations, where circulation is more restricted, and in nearshore areas of central Biscayne Bay have been shown to be increasing at a higher rate. This suggests increases in chlorophyll a are due to local nutrient sources from the watershed. These areas are co-located with recent seagrass die-offs.
Between 1994 and 2003, the median chlorophyll a concentration within Biscayne Bay was reported to be 0.28 µg/l (Caccia and Boyer, 2005). Unlike most estuaries, Biscayne Bay phytoplankton growth is limited primarily by the availability of phosphorous (Brand et al. 1991; Kleppel 1996; Carey et al. 2011). Phosphorus limitation of Biscayne Bay has been found based on long-term monitoring (Caccia and Boyer 2007) and from nutrient bioassays throughout Biscayne Bay (Brand et al. 1991).  There are local indicators that degraded water quality is affecting North Biscayne Bay (i.e., seagrass die-offs) and this part of the bay exhibits higher chlorophyll a concentrations compared to the rest of Biscayne Bay. 
Millette et. al (2019) found that over the 20-year period of water quality data examined (from 1995 to 2014), chlorophyll a concentrations increased significantly in all areas of Biscayne Bay. However, the rate of increase was shown to have high spatial variability with some of the largest increases occurring in North Biscayne Bay. Through their analysis of chlorophyll a rates of change at individual stations, Millette et. al. were able to determine where water quality was deteriorating at the highest rate (Figure 2-3).
Additionally, the trend analyses of nutrient concentrations demonstrated that long-term changes in inorganic nitrogen are not similar to changes in phosphate. Inorganic nitrogen (NOx, NH4+) displayed a wide range of rates of change between 1995 and 2009 (Figure 2-4).  
[bookmark: _Toc108089441][bookmark: _Hlk112143778][bookmark: _Hlk112143779]Figure 2-3 The Average Concentration of Chlorophyll-a, NOx, NH4+ and d PO43− Concentrations at Individual Stations Throughout Biscayne Bay (Source: Millette et. al (2019))
[bookmark: _Toc108089442][bookmark: _Hlk112143820]Figure 2-4 The Annual Rate of Change of Chlorophyll-a, NOx, NH4+ and PO43− Concentrations at Individual Stations Throughout Biscayne Bay (Source: Millette et. al (2019))
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The analysis showed that chlorophyll a and phosphate concentrations have been increasing at a high rate since 1996 throughout all of North Biscayne Bay. As mentioned previously, there has been recent die-off of seagrass and subsequently slow recovery in North Biscayne Bay (Avila et al. 2017). The researchers analyzed trends at individual stations which allowed for the identification of specific areas within the bay that are degrading most quickly.  This individual station approach identified areas where chlorophyll a and NOX concentrations are increasing at a higher rate compared to the surrounding areas.  Table 2-5 summarizes the annual rate of change of chlorophyll  a concentration calculated by Millette et. al. at individual stations located in North Biscayne Bay. The table includes the lower and upper 95% confidence intervals (LCI and UCI, respectively) and the p value. The annual rates of change were estimated using the Theil-Sen slope from the seasonal Mann-Kendall test. As shown in the table, the increasing trend at stations BB09, BISC133, BB14 and BISC132 (all of which are located within the RAP Study Area as shown on Figure 2-5) exhibit a statistically significant increasing trend for chlorophyll  a at the 95% confidence interval (p<0.05).
Table 2-5 Annual Rate of Change of Chlorophyll a Concentrations (μg/l) in North Biscayne Bay 
	Station
	Region
	Slope
	LCI
	UCI
	p value

	BB02
	NBB
	0.035
	− 0.004
	0.076
	0.076

	BB05A
	NBB
	0.018
	0.000
	0.035
	0.055

	BISC134
	NBB
	− 0.0122
	− 0.030
	0.008
	0.289

	BB091
	NBB
	0.037
	0.018
	0.058
	<0.001

	BISC1331
	NBB
	0.046
	0.023
	0.066
	<0.001

	BB141
	NBB
	0.018
	0.010
	0.030
	<0.001

	BISC1321
	NBB
	0.026
	0.002
	0.051
	0.032

	BB17
	NBB
	0.017
	0.007
	0.028
	<0.001


1 – Station is located in RAP Study Area
2 – Slope value shown in blue text refers to a slope at an individual station that is significantly different from the regional 	rate of change based on a lack of overlap between the 95% confidence intervals between the slopes. 
Source: Millette et. al. 2019
Considering that seagrass die-offs and increases in chlorophyll a have been correlated in other systems (Kemp et. al.,1983; Twilley et. al., 1985; Glibert et. al., 2014), it is likely that the high chlorophyll a concentrations in North Biscayne Bay are most likely tied to the seagrass die-off (Zhang et. al., 2003). The study concluded that the high rate of increase in chlorophyll a and seagrass die-off in North Biscayne Bay suggested that the rapid decline in water quality is having an impact on the ecosystem, further demonstrating this region should have a higher priority for restoration.
Chin (2020) examined the relationship between chlorophyll a and TN and TP at various stations (BB09, BB14, BB17 and BB22 (shown on Figure 2-5)) in North Biscayne Bay during 2008 through 2018.  Applying the Mann-Kendall test (p = 0.05), the results indicated there was no significant trend for chlorophyll a at BB09 while TN and TP showed increasing trends. One possible explanation is that the TN and TP concentrations were too low to generate significant increases in chlorophyll a. A significant upward trend at BB14 and BB17 for all parameters indicated a possible cause and effect relationship between increasing chlorophyll a and TN and TP. BB22 exhibited increasing trends for chlorophyll a and TN but not for TP suggesting a possible correlation between chlorophyll a and TN. Increasing trends of TN at all four stations indicates a fairly widespread
Figure 2-5 Monitoring Stations with Observed Trends


buildup of TN while the trends in TP are slightly less pronounced. Chin calculated the ratio of TN to TP (Redfield ratio) at all stations and the results indicated that TP is the limiting nutrient within the bay.  The ratio of inorganic forms of TN and TP, which are bioavailable to algae, were also examined and Chin’s analysis further supported the assertion that TP is the limiting nutrient in North Biscayne Bay. Chin also cited the work by Millette et. al. (2019), which reported that the ratio of inorganic forms of TN and TP was decreasing at a rate of 4.7/year suggesting that the bay could be moving towards a more co-limited system by phosphorus and nitrogen.
Further trend analyses by the County have shown increasing nutrient concentrations in nearshore waters: the County performed a trend analysis for 2011 through 2022. Station LR07 represents a station at the mouth of the Little River where it discharges into North Biscayne Bay.  A statistical analysis was performed using Sen’s estimator of slope and the results are summarized below in Table 2-6. For the nearshore station (LR07), Nitrate/Nitrite (NO3/NO2), Total Kjeldahl Nitrogen (TKN), Ortho Phosphate (OPO4) and TP were all found to have increasing trends that are statistically significant (p = <0.05). Chlorophyll a however did not exhibit a statistically significant trend at this station over the time period.  
[bookmark: _Toc108089463][bookmark: _Hlk112996406]Table 2-6 Statistical Analysis of Nutrients within the Reasonable Assurance Plan Study Area – 2011 through 2022
	Parameter
	Trend Result at Station LR01
	Magnitude (Sen's Slope)
	Significance Level

	Ammonia Nitrogen
	None
	0.00
	0.446

	Nitrate/Nitrite (NO3/NO2)
	Increasing
	1.80E-05
	1.22E-03

	Total Kjeldahl Nitrogen (TKN)
	Increasing
	6.08E-05
	2.52E-04

	Ortho Phosphate (OPO4)
	Increasing
	2.53E-06
	7.03E-13

	Phosphorus, Total (TP)
	Increasing
	1.61E-06
	0.00123

	Chlorophyll a
	None
	5.48E-05
	0.291


Source: Miami Dade County RER DERM
The County also examined long-term trends in water quality in the basin preceding significant seagrass losses documented in 2016 in the bay (seagrass losses are discussed further in Section 3.2) as described in the County’s Report on the Findings of the County’s Study on the Decline of Seagrass and Hardbottom Habitat in Biscayne Bay - Directive 171537 (2019). A review of these data indicated peaks in phosphorus in 2014 and 2015 (Figure 2-6), high nitrate nitrogen values in 2012 (Figure 2-7), and the highest monthly average of chlorophyll a in 2014 (Figure 2-8).  Ammonia decreased over the same time period (Figure 2-9).
2.4 Potential Sources
Historically, Biscayne Bay received freshwater along its shoreline as water traveled south and east. Over time, natural flow regimes have changed in frequency, duration, rate, and volume with discharges from urban stormwater outfalls  and dredged canal systems cut into the surficial aquifer, which provide flood protection by draining water from inland densely populated areas. Stormwater systems constructed since approximately 1981 are required to have a stormwater water quality treatment component; however, these stormwater Best Management Practices (BMPs) do not fully eliminate prevent pollutants (e.g., nutrient loads) from entering receiving waters. 
[bookmark: _Toc108089416]Figure 2-6-Total Phosphorus Annual Geometric Means in Basins that Experienced Algal Blooms and/or Seagrass die off (Source: Miami-Dade County, 2019)
Figure 2-7 Nitrate (NO3) Annual Arithmetic Mean in Basins that Experienced Algal Blooms and/or Seagrass die off (Source: Miami-Dade County, 2019)

Figure 2-9 Total Ammonia Annual Arithmetic Mean in Basins that Experienced Algal Blooms and/or Seagrass die off (Source: Miami-Dade County, 2019)
Figure 2-8- Chlorophyll a Annual Arithmetic Mean in Basins that Experienced Algal Blooms and/or Seagrass die off (Source: Miami-Dade County, 2019)

These canals also intercept and drain groundwater, and discharges from to Onsite Sewage Treatment & Disposal Systems (OSTDSs also called septic tanks) groundwater flows.  In 2018, the County produced a Final Report in support of Resolution No. R-911-16 entitled Septic Systems Vulnerable to Sea Level Rise (Miami Dade County, 2018).  Since 1994, sea levels have risen four inches and are expected to increase an additional two to six inches by 2030. This has, in turn, led to higher groundwater levels in certain areas. The County, in collaboration with the USGS, identified how sea level rise will increase groundwater levels over the longer term. During times of elevated groundwater levels, OSTDSs may not properly function as designed.  The 2018 study identified areas where groundwater levels are close enough to the surface that the existing OSTDSs are likely compromised and may no longer be providing adequate treatment at least part of the year. This is particularly pronounced in the C-7 and C-8 Canal basins where limited depth to groundwater does not allow the septic systems to function as designed. More than half of the freshwater received by the bay via surface water inputs enters through these northernmost canals. Steady freshwater and submarine groundwater inputs from the Biscayne Aquifer have largely been replaced by pulsed discharges from the canals. The timing, source, and quality of water delivered to the bay can influence the health, diversity, and distribution of flora and fauna within the ecosystem including seagrasses and fisheries (Miami Dade County, 2019). The primary transport of pollutants within the RAP Study Area is believed to be due to discharge from the C-7 and C-8 Canals. However, the volume of polluted groundwater that enters the bay directly from the Biscayne aquifer is not known at this time.,  These canals serve the local watersheds within the study area as well as areas well upstream of the study area (Figure 2-10).  	Comment by Author: DEP prefers the term "septic systems".
Sources of pollutants may also emanate from the nearshore areas, or areas directly adjacent to the bay, not served by a canal that discharge directly into the bay.  The C-7 and C-8 Canals have been studied and modeled in a high level of detail by the County as described in the Miami-Dade County FY2021 Stormwater Management Program Update (Miami-Dade County, 2021). The following paragraphs summarize these two systems as outlined in the County’s 2021 Stormwater Management Program Update.
The C-7 Canal is the primary canal in the C-7 watershed and is a bifurcation of the C-6 (Miami River) Canal, beginning one mile west of the intersection of West 49th Street (Hialeah) and the Palmetto Expressway (upstream of the RAP Study Area). Flow in the canal is to the east with discharges via SFWMD Structure S-27 to North Biscayne Bay. The canal has two functions, which include providing flood protection for the C-7 watershed and maintaining a groundwater table elevation adequate to prevent saltwater intrusion into local groundwater within the Biscayne Aquifer.  Levels in the C-7 Canal are controlled by the following operations:
S-27 is a gated spillway salinity control structure located in the C-7 Canal between the Florida East Coast Railway crossing and NE 82nd Street, just west of Biscayne Boulevard. This structure controls stages in C-7, and it regulates discharges to the tidewater. A headwater stage is maintained by S-27 adequate to prevent saltwater intrusion into local groundwater.
G-72 is a gated culvert located in the C-7 Canal at the canal's bifurcation of C-6 near NW 103rd Street (W. 49th Street in Hialeah) and SR 27. G-72 is normally closed and acts as a divide between the C-6 and C-7 watersheds. It can be opened to supply water from C-6 to the C-7 Watershed when the stage in the C-7 Canal is below optimum.
[bookmark: _Hlk112144822]Figure 2-10 Major Canal Basins in Project Study Area


If the stage in the C-6 Canal is high enough, up to 50 cfs will flow from C-6 to C-7 by way of the borrow canal along the Palmetto Expressway.
The C-8 Canal begins in the east borrow of the Palmetto Expressway at the northwest corner of the Miami Lakes subdivision. Flow in the canal is to the east with discharges via the SFWMD S-28 Structure to North Biscayne Bay. Similar to C-7, the C-8 Canal is the only primary canal in the watershed and has two main functions of providing flood protection for the local watershed and maintaining a groundwater table elevation adequate to prevent saltwater intrusion into local groundwater. SFWMD control structure S-28 was constructed approximately one mile inland from North Biscayne Bay and regulates levels in the canal to maintain local water table elevations high enough to prevent saltwater intrusion into a local wellfield.
Water quality in Biscayne Bay is highly dependent on land use and influence from the surrounding watershed (Caccia and Boyer 2005). Water quality at stations sampled nearer to the coast, with greater canal inputs, are more affected by nutrient loading sources than stations farther from shore (Caccia and Boyer 2005). The major sources of nutrients to North Biscayne Bay were summarized by Caccia and Boyer (2005) and include the following:
Urban stormwater runoff
Sewage contamination 
Shoreline erosion from the action of waves against un-stabilized shorelines 
Dredging 
The Munisport Landfill (outside RAP Study Area)
In the North Biscayne Bay region, the discharge canals deliver approximately half of the entire freshwater contribution of surface waters to Biscayne Bay (Caccia and Boyer 2005, 2007).  Table 2-7 shows the annual mean, wet season, and dry season discharge from the canals in the northern region of the bay. As can be seen from the table, the C-7 and C-8 Canals, which are located in the RAP Study Area, account for approximately 29 percent of the annual freshwater discharge to the North Biscayne Bay region on an annual basis.
[bookmark: _Toc108089464]Table 2-7 10-year Annual Canal Inputs to North Biscayne Bay (1994 – 2004)
	Canal
	Annual Mean (cfs)
	Wet Season (cfs)
	Dry Season (cfs)

	Snake Creek
	336
	537
	192

	Arch Creek
	1.4
	1.4
	1.5

	Biscayne Canal (C-8 Canal)
	133
	224
	67.0

	Little River (C-7 Canal)
	220
	307
	158

	Miami River Canal (C-6 Canal)
	530
	535
	526

	Totals:
	1,220
	1,605
	945


Source: Caccia and Boyer (2005)
[bookmark: _Hlk108519232]

Caccia and Boyer (2007) also calculated nutrient loads from canals, groundwater, and the atmosphere to Biscayne Bay.  For all canals, it was observed that nitrate + nitrite (NO2++ NO3) loading was the most abundant form of dissolved inorganic nitrogen (DIN).  Overall, it was shown that DIN and freshwater flow were correlated.  The highest TP loads to the North Bay were from the C-6 Canal, C-7 Canal, and Snake Creek.  However, unlike DIN, TP load was not significantly related to flow. Average annual canal loads are shown in Table 2-8. Caccia and Boyer also looked at atmospheric and groundwater loads in comparison to canal loads to the entire Biscayne Bay. At that time, only groundwater loading estimates for South Biscayne Bay were available.
[bookmark: _Toc108089465]Table 2-8 Mean Annual Canal Nutrient Loads to North Biscayne Bay (1994-2002)
	
	NO2 + NO31 (tons/yr)
	DIN 
(tons/yr)
	TP 
(tons/yr)
	DIN:TP (molar)

	North Biscayne Bay
	235
	547
	18.6
	65.1

	Central Bay
	39
	67
	3.4
	43.6

	South Bay
	1,021
	1073
	5.4
	440

	Mean Value Biscayne Bay (total canal load)
	1,295
	1,687
	27.5
	144


Source: Caccia and Boyer (2007)
   1-Referred to as NOx in the original source document
Chin (2020) developed load duration curves for TN and TP loading from the discharge canals in North Biscayne Bay.  The results indicated that in the C-6, C-8 and C-9 canals, the average TN concentrations in the canal discharge is 41, 15 and 58 percent higher, respectively, under wet conditions versus non-wet conditions. For the C-7 Canal, the increase was only 4 percent indicating that direct surface runoff is likely the cause of elevated TN concentrations in the C-6, C-8 and C-9 canals. The influence of wet conditions in the C-7 Canal is much less pronounced. This indicates that addressing stormwater loads in the C-6, C-8, and C-9 canals should take priority, whereas controlling TN in surface runoff to the C-7 Canal could have lower priority. Conversely, the analysis of TP loading demonstrated that the average TP concentration under wet conditions was 48 percent greater than non-wet conditions in the C-7 Canal. It was also 10 percent greater in the C-8 Canal.  These results indicated that direct surface runoff is likely the cause of elevated TP concentrations in the C-7 and C-8 Canals.  Therefore, Chin concluded that controlling stormwater runoff in the C-7 and C-8 basins with respect to TP loads should be given a top priority. Of the four canals, the C-7 and C-8 Canals account for approximately 47 percent of the canal TP load to the Bay.  The author concluded that due to the significant statistical relationship between TN, TP and chlorophyll a at stations BB14, BB17 and BB22 (previously discussed in Section 2.3.2), reductions of chlorophyll a at these stations are likely outcomes of increased runoff controls on the canal watersheds.
For the purposes of this RAP, the following discussion will focus on potential sources from the land (watershed) area and groundwater sources within the RAP Study Area. It is acknowledged that pollutants can be transported from upstream of the study area into the Bay as well as internal loading within the canals and the bay, which will not be addressed during this phase of the RAP.
[bookmark: _Toc108089417]2.4.1 Nonpoint Sources
As discussed in earlier sections, water quality in the bay is heavily influenced by discharges from the canals. These canals receive stormwater runoff from the surrounding land uses as well as groundwater inputs. The main sources of nutrients to canals that discharge to the bay are direct surface runoff and groundwater inflow, with OSTDSs sometimes being cited as a prime contributor to groundwater nutrient levels, where the groundwater subsequently flows into the estuary (Chin, 2020). Discharges from OSTDSs by surface overflow or groundwater interflow are a potential source of nutrients to the canals and the bay, particularly from failing systems. The underlying geology in Miami-Dade County is highly permeable limestone making OSTDS derived contamination more likely (USGS 1990).  Chin (2020) estimated typical TN and TP loadings to groundwater from OSTDSs in the C-7 and C-8 basins as shown in Table 2-9.
[bookmark: _Hlk112145301]Table 2-9 OSTDs Nutrient Loads to Groundwater
	Basin
	TN (kg/day)
	TN (lbs/day)
	TP (kg/day)
	TP (lbs/day)

	C-7 (Little River)
	834
	1,838.7
	83
	183.0

	C-8 (Biscayne Canal)
	487
	1,073.7
	49
	108.0

	Total:
	1,321
	2,912.4
	132
	291.0


Source: Chin (2020)
The OSTDs coverage provided by the County is shown in Figure 2-11. Based on the depth to groundwater, the County assigned categories indicating the vulnerability for failure as shown in the figure.  As can be seen, the RAP Study Area is densely populated and the breakdown of OSTDSs within each municipality is shown in Table 2-10. 
[bookmark: _Hlk112145346]Table 2-10 Existing OSTDs by Municipality within the RAP Study Area
	Municipality
	Count

	City of N. Miami Beach
	68

	City of North Miami
	12

	Village of Biscayne Park
	1,026

	Unincorporated Miami-Dade
	22,555

	Village of Miami Shores
	3,276

	Village of El Portal
	762

	City of Miami
	122

	City of North Bay Village
	0

	Total:
	27,821


Source: Miami Dade
The RAP Study Area (exclusive of the bay) is heavily urbanized and dominated by commercial and residential land uses. Urban land use accounts for approximately 94 percent of the contributing area to the canal systems and the bay. Figure 2-12 shows the 2017-2019 land cover/land use available from the South Florida Water Management District (SFWMD) for the RAP area. It includes the breakdown of the following land uses as shown in Table 2-11.
Due to the highly urbanized nature of the study area, stormwater runoff is a potential source of nutrients to the bay. Stormwater discharges are regulated through the National Pollutant Discharge Elimination System (NPDES) municipal separate storm sewer system (MS4) program. The municipal MS4 permittees within the study area are listed below on Table 2-12.

Figure 2-11 Onsite Sewage Treatment and Disposal Systems (OSTDs)



Figure 2-12 Existing Land Use within the RAP Study Area


[bookmark: _Toc108089466][bookmark: _Hlk112145422]Table 2-11 2017-2019 Land Cover/Land Use within the RAP Study Area
	Existing Land Use Category
	Acres
	Percent

	Bays and Estuaries
	4,643.5
	19.70%

	Commercial and Services
	2,352.3
	9.98%

	Disturbed Land
	89.3
	0.38%

	Industrial
	452.7
	1.92%

	Institutional
	1,209.4
	5.13%

	Open Land
	166.9
	0.71%

	Recreational
	370.8
	1.57%

	Reservoirs
	292.3
	1.24%

	Residential, High Density
	1,307.7
	5.55%

	Residential, Low Density
	597.8
	2.54%

	Residential, Medium Density
	11,134.0
	47.24%

	Streams and Waterways
	175.1
	0.74%

	Transportation
	712.8
	3.02%

	Upland Hardwood Forests
	17.7
	0.08%

	Upland Shrub and Brushland
	17.2
	0.07%

	Utilities
	21.4
	0.09%

	Vegetated Non-Forested Wetlands
	2.0
	0.01%

	Totals:
	23,562.9
	100.0%


Source: SFWMD

[bookmark: _Toc108089467][bookmark: _Hlk112145457]Table 2-12 2017-2019 MS4 Permittees within the RAP Study Area
	WBID
	Permit ID
	Permit Holder

	3285
	FLS267171*
	City of N. Miami Beach

	3285/3287//3226H5
	FLS267163*
	City of North Miami

	3285/3226H5
	FLR04E098*
	Village of Biscayne Park

	3285/3226H5
	FLS267139*
	Village of Miami Shores

	3285/3287/3226H5
	FLS000003
	Unincorporated Miami-Dade

	3285/3287/3226H5
	FLS267139*
	Village of Miami Shores

	3287/3226H5
	FLS267058*
	Village of El Portal

	3287/3226H5/3226H6
	FLS000002
	City of Miami

	3226H5/3226H6
	FLS267155*
	City of North Bay Village


*Indicates co-permittee
[bookmark: _Hlk112989069]Sanitary sewer overflows (SSOs) are also a potential source of nutrient pollution dependent upon the overflow entering the storm drains and/or receiving waters before being contained. SSOs throughout the County have been documented and reported to the agencies when an overflow occurs. In the County’s NPDES MS4 Annual Reports to FDEP, 108 incidents in 2019 and 145 incidents in 2020 County-wide were reported. In 2014, the County entered into a federally-mandated Consent Decree with the U.S. Environmental Protection Agency and FDEP, which committed the County to making improvements to the wastewater collection and treatment system totaling $1.6 billion over the next 15 years. As nutrient loads from SSOs are difficult to quantify in terms of flow that actually enters the stormwater system and ultimately reaches receiving waters, it is assumed that there will be some ancillary load reduction benefit associated with improvements that will be implemented as part of the Consent Decree program.	Comment by Author: It might be worth mentioning that routine maintenance is a requirement of MS4 permits and therefore this type of project is not eligible to count towards required nutrient reductions through the RAP process.
[bookmark: _Toc108089418]2.4.2 Point Sources	
There are three permitted domestic wastewater treatment facilities (DWWTFs) located within the RAP Study Area (Shores Villas Condominium Association (FLA013614), Flea Market USA (FLA013631) and Cricket Club Condominium (FLA013637)); however, they do not have an NPDES permit and therefore do not discharge directly to a receiving water.  The treatment processes for these facilities include contact stabilization to soakage trenches (FLA013614 and FLA013637) and extended aeration with basic disinfection and discharge to a drainfield (FLA013631). At this time, it is unknown if the processes from these treatment facilities may have a potential nutrient load contribution to groundwater but should be considered/investigated further in future phases of the RAP.   There are also two NPDES-permitted facilities (Central Concrete Supermix - Opa Locka (FLG110552) and Tarmac America - N Miami Plant (FLG110537)) located within the study area, both of which are concrete batch plants and are therefore unlikely to contribute nutrient loads. There are no other known permitted point sources within the study area.	Comment by Author: If known, please identify which phase.
[bookmark: _Toc108089419]2.5 Pollutant Loading Estimates
[bookmark: _Hlk109290654]2.5.1 OSTDs Loadings
OSTDSs or septic systems are widely used for wastewater treatment and disposal in Florida. Approximately one-third of Florida’s population uses OSTDSs for wastewater treatment and disposal. Excessive nitrogen loading from the OSTDS effluent may impact public health and the environment. Nitrogen loads from OSTDSs along with other sources such as fertilizers used for agriculture and residential land uses, livestock operations, wastewater treatment plants, and atmospheric deposition all contribute to the total nitrogen load to groundwater and surface waters.
In Miami-Dade County approximately 124,700 households are served by OSTDSs while 27,821 of those systems are within the RAP Study Area. The GIS-based tool ArcNLET (ArcGIS-Based Nitrate Load Estimation Toolkit developed by Florida State University) was used to determine the nitrate loading from the OSTDSs within the RAP Study Area to the surface water bodies including C-8 Canal, C-7 Canal, and North Biscayne Bay. Since nitrate nitrogen is the dominant form of nitrogen discharged by OSTDSs to groundwater (Toor, Lusk and Obrezza, 2020), the tool simulates the fate of nitrate and thus nitrogen in groundwater before it enters surface waters. The locations of the OSTDSs and the water bodies in the study area are shown on Figure 2-13.
2.5.1.1 ArcNLET Model
ArcNLET is used to simulate nitrate transport in groundwater that originates from point sources such as OSTDSs. The tool simulates groundwater flow velocities, directions, and flow paths of the nitrates in groundwater and calculates the reduction in nitrate concentration due to denitrification – a biogeochemical process where nitrate is reduced to nitrogen gas. ArcNLET was developed by Rios, Ye, Wand, and Lee (2011) with joint support from the Florida Department of Environmental Protection (FDEP) and the Institute for Energy Systems, Economics and Sustainability (IESES).


Figure 2-13 Locations of OSTDSs Used in ArcNLET Model


ArcNLET requires limited input data; however, it still incorporates important hydrogeologic processes of groundwater flow and nutrient transport with spatial variability. Moreover, ArcNLET is accepted by the FDEP to receive pollutant load reduction credit for removing or retrofitting OSTDSs within a watershed that has a water quality impairment. 
2.5.1.2 ArcNLET Model Input Parameters
[bookmark: _Section_1][bookmark: _Toc417499067][bookmark: _Toc417499116][bookmark: _Toc426350631]The following input parameters are required for the ArcNLET model: 
Locations of water bodies
Locations of OSTDSs
Digital Elevation Model (DEM) surface elevations
Hydraulic conductivity
Soil porosity  
Dispersivity
Decay coefficient for denitrification
Source load and starting concentration
The locations of water bodies used in the ArcNLET model developed for this project are shown on Figure 2-13. The water body locations were entered into the ArcNLET model in the form of a polygon shapefile and the model used the shapefile to determine locations of water bodies that act as sinks to groundwater flow. The water bodies used in the project include: C-7 Canal, C-8 Canal, and portions of North Biscayne Bay. The ArcNLET model calculated nitrate loading to each of these water bodies separately.
OSTDS locations were entered into the model in the form of a point shapefile. These locations were used as the starting point of nitrate loading. Property parcels with OSTDSs were identified by the Miami-Dade County Health Department. The OSTDS location is assumed to be in the geometric centroid of the property parcel, whereas in reality the location is typically in the front or back yard.  There are approximately 27,821 OSTDSs within the RAP Study Area. However, based on past studies (Ye et al., 2016) typically only the OSTDSs that are closest to the water bodies contribute the most to the nitrate loading. 
A distance of 1,500 feet from the edge of the water bodies was generally determined to be the distance that causes nitrate loading to the surface water bodies. The OSTDSs that were more than 1,500 feet from the edge of water bodies were assumed to be far enough from surface water bodies for the denitrification process to convert nitrate to nitrogen gas and therefore assumed to have negligible impact on surface waters. Additional simulation performed and documented in Section 4 showed that the OSTDSs more than 1,500 feet from the water bodies do not contribute to significant nitrate loading. There were 11,827 OSTDSs identified within 1,500 feet from the edge of a water body. These OSTDSs were used as nitrate starting points in the ArcNLET model. The location of the 27,821 OSTDSs and the 11,827 OSTDSs within 1,500 feet from the edge of water bodies are shown on Figure 2-14.	Comment by Author: What is the basis for 1,500? What is the error given that OSTDS locations are based on the property centroid? How many OSTDs are potentially overlooked given the locational uncertainty?	Comment by Author: Is this accurate for these porous limerock areas in the basin?	Comment by Author: Are these the OSTDS targeted with the big septic to sewer conversion project? If that determination is that these are the tanks with the greatest load contribution, then they should be the ones prioritized for projects. 
Figure 2-14 Locations of OSTDSs


A DEM raster file of the land surface is typically used in ArcNLET modeling to generate approximate water table elevations. While it is true that the water table generally mimics the land surface in much of Florida, there are some limitations to this approach. The DEM raster in many cases includes man-made structures such as roads, bridges, and buildings which should not be translated to water table elevations. Also, the DEM raster does not include depressions caused by pumping. For this project, the simulated water table elevations from the U.S. Geologic Survey (USGS) calibrated Urban Miami Dade Model (Hughes and White, 2016) were used in lieu of the DEM land surface raster as it provided a more accurate representation of water table elevations. The simulated water table elevations used in the ArcNLET model are shown on Figure 2-15.
Similar to water table elevation, hydraulic conductivity and soil porosity coverages for the study area were also obtained from the calibrated Urban Miami Dade Model. Specifically, these parameters were obtained from model layer 1 which represents the shallow Biscayne Aquifer within the RAP Study Area. The hydraulic conductivity and soil porosity coverages were entered into the ArcNLET tool in the form of a raster with a grid resolution of 10 feet x 10 feet. The hydraulic conductivity and soil porosity raster coverages are shown on Figures 2-16 and 2-17, respectively.
The ArcNLET model also requires groundwater transport parameters such as longitudinal dispersivity, transverse horizontal dispersivity, and denitrification rate. The values for these parameters are not widely available as values for other hydrogeologic parameters. Calibrated values for these parameters were obtained from a similar nutrient loading study performed in Brevard County, Florida (Souto and Listopad, 2019). The values of these parameters are shown in Table 2-13.
[bookmark: _Toc426350664][bookmark: _Hlk112145511]Table 2-13 Transport Parameters Used in ArcNLET Model
	Parameter
	Unit
	Values

	Longitudinal Dispersivity
	feet
	2.30

	Transverse Horizontal Dispersivity	Comment by Author: ArcNLET Q: More information on the uniform horizontal dispersity (Tab D) of 1.97 is requested. By comparison, the Loxahatchee projects used 0.234. 
	feet
	1.97

	Denitrification Rate
	per day
	0.016

	Starting Concentration of Nitrate
	mg/L
	20

	Mass Loading Rate of Nitrate
	mg/day
	20,000



The table also includes the assigned values for starting concentration of nitrate in the OSTDS effluent that enters groundwater and the constant mass of nitrate that enters the groundwater each day from an OSTDS. The starting concentration of 20 mg/L was obtained from the nutrient loading study in Brevard County (Souto and Listopad, 2019). A constant mass loading rate of 20,000 mg per day was used in the ArcNLET model, which was also obtained from the nutrient loading study in Brevard County. This value translates to approximately 16.1 pounds per year, which is within the range of values reported in literature (Ursin and Roeder, 2008).
2.5.1.3 ArcNLET Model Processes
The ArcNLET model uses the input parameters to calculate nitrate loading to the water bodies using a series of modules. These modules are:
Groundwater Flow module

Figure 2-15 Water Table Elevations Used in ArcNLET Model


Figure 2-16 Hydraulic Conductivity Used in ArcNLET Model	Comment by Author: ArcNLET Q: More information is needed on the range of hydraulic conductivity and the units utilized. The range listed on Tab A of the checklist is 2,219 - 23,606 feet/day based on the USGS Urban Miami Dade Model. In the Loxahatchee, a range of 0.07776 to 18.144 was used, by comparison. 


Figure 2-17 Porosity Used in ArcNLET Model



Particle Track module
Transport module
Load Estimation module
The groundwater flow module used the coverages of water table raster, water bodies, porosity, and hydraulic conductivity as inputs and generated rasters of magnitude of groundwater velocity and groundwater flow direction.
The groundwater velocity magnitude and direction raster files are used with the OSTDS (nitrate source) location shapefile to generate particle path lines of nitrate movement in the groundwater by the Particle Track module.
The Transport module uses the particle pathlines generated by the previous module along with the transport and starting concentration parameters discussed previously to generate nitrate plume rasters as shown on Figure 2-18. 
[bookmark: _Hlk111448806]The Load Estimation module uses the output from the Transport module to calculate nitrate load to different water bodies within the RAP Study Area. Table 2-14 lists the four water bodies in the RAP study area and the corresponding nitrate loading rate from the OSTDS effluent.
[bookmark: _Hlk112145534]Table 2-14 Estimated Nitrate Loading to Surface Water Bodies
	Water Body
	Number of Contributing OSTDSs
	Nitrate Loading to Groundwater
	Nitrate Loading to Groundwater per OSTDS
	Total Nitrate Loading to Surface Water
	Nitrate Loading to Surface Water per OSTDS

	
	
	(lbs/year)
	(lbs/year)
	(lbs/year)
	(lbs/year)

	Biscayne Canal (C-8)
	3,796
	72,985
	16.1
	17,165
	4.5

	Little River (C-7)
	5,494
	102,212
	16.1
	37,915
	6.9

	Upper North Biscayne Bay
	659
	13,438
	16.1
	4,738
	7.2

	Lower North Biscayne Bay
	3  
	113
	16.1  
	30
	10.0

	Total
	  9,952
	188,748
	-
	59,848
	6.0



2.5.1.4 ArcNLET Model Results and Discussions
The nitrate loading rate as shown in Table 2-14 varies widely within the RAP Study Area from 30 lbs/ year to 37,915 lbs/ year or 4.5 lbs/year to 10 lbs/year per OSTDS. Overall, 59,848 lbs/ year nitrate was predicted to be discharged into the water bodies compared to 188,748 lbs/year  discharged into the groundwater by the OSTDSs. However, it should be noted that the model  prediction is not calibrated to the study area and is based on steady-state conditions and seasonal  variations of water table elevations due to rainfall and pumping are not considered.
2.5.2 Loading from Stormwater Runoff
The BMPTRAINS 2020 Model (Version 4.3.5) developed by the Stormwater Management Academy at the University of Central Florida is used to evaluate stormwater runoff nutrient loads as well as treatment efficiencies of BMPs based on studies conducted within the State of Florida. The calculations in the BMPTRAINS model consist of two major parts: 


Figure 2-18 Nitrate Plume Simulated by ArcNLET Model



1. Estimation of annual pollutant runoff volumes are computed based on characteristics of the watershed including the watershed area, mean annual rainfall depth, non-DCIA Curve Number, and DCIA percentage input. The annual nitrogen and phosphorus loadings are then calculated based on the annual runoff volumes and associated Event Mean Concentrations (EMC). Calculations are done for both the pre- and post-development conditions.
2. Analysis of individual or multiple BMPs to evaluate their effectiveness in removing pollutants of concern (POC), in this case total nitrogen and total phosphorus, for the defined watershed. Most of the methodologies for calculating nitrogen and phosphorus removal efficiency are consistent with those documented in the “Evaluation of Current Stormwater Design Criteria within the State of Florida” (Harper, 2007). 
The purpose of using BMPTRAINS in the North Biscayne Bay RAP is for establishing a baseline of the TN and TP loadings that enter the local canals and ultimately discharge into Biscayne Bay. The BMPTRAINS model that estimates the stormwater runoff and POC loadings within the study area will then be used to assess the POC removal from any proposed BMP projects.
2.5.2.1 Basin Delineations
The project study area covers approximately 18,400 acres, or 28.7 square miles, and encompasses over 200 subbasins as delineated in the County’s current stormwater model.  Although the current version of BMPTRAINS allows for unlimited catchments areas (i.e., subbasins), the current subbasin delineation would require even further refinement in order to represent the drainage area for each existing BMP.  For purposes of the RAP, the BMPTRAINS model was delineated into 17 basins based on municipality and major watershed basin (C-7, C-8, and Biscayne Bay) as shown on Figure 2-19.  Table 2-15 provides a breakdown of the area for each of the 17 basins.	Comment by Author: This total is different than the total noted below in the table. 18,400 vs 18,355
[bookmark: _Hlk112145571]Table 2-15 Basin Area (Acres) by Municipality
	Municipality
	C-7 Basin Area
	C-8 Basin Area
	N. Biscayne Bay Area
	Total Area

	Village of Biscayne Park
	--	Comment by Author: Recommend including a footnote below the table explaining why some of these cells are blank
	246
	152
	398

	Village of El Portal
	242
	--
	24
	266

	Village of Miami Shores
	944
	123
	530
	1,597

	City of Miami
	1,516
	--
	913
	2,429

	City of North Bay Village
	--
	--
	235
	235

	City of N. Miami Beach
	--
	81
	--
	81

	City of North Miami
	601
	1,291
	667
	2,559

	Unincorporated Miami-Dade
	7,413
	2,773
	605
	10,791

	Total:
	10,716
	4,514
	3,126
	18,355





Figure 2-19 BMPTRAINS Model Basin Delineation

Characteristics for each of the 17 basin areas were determined using area weighted calculations using the SFWMD land use classification and Natural Resource Conservation Service (NRCS) soil maps. Soils in the project area are predominantly Urban Land (approximately 93% of the project area), which are often disturbed and widely variable in its properties. The 2021 Miami Dade County Stormwater Management Program Master Plan Update classified the Urban Land soils as Hydrologic Soil Group “C”. 
The other basin area characteristics for entry into BMPTRAINS is based on information provided in the NRCS (formerly USDA SCS) TR-55 manual and Evaluation of Current Stormwater Design Criteria within the State of Florida (ERD, 2007). TN and TP concentrations based on land use are based primarily on Harper 2007 and the BMPTRAINS manual. Table 2-16 summarizes the impervious area (as a percentage), curve number, directly connected impervious area (as a percentage) and nutrient concentrations used to calculate the area weighted values entered in BMPTRAINS.	Comment by Author: Is this the same document cited as Harper 2007 previously in the document?
[bookmark: _Hlk112145587]Table 2-16 Basin Area Characteristics for BMPTRAINS Model
	Municipality
	Impervious
	Curve Number
	% DCIA
	TN (mg/l)
	TP (mg/l)

	Recreational
	10%
	79
	0%
	1.1
	0.05

	Residential, High Density
	65%
	90
	50%
	2.32
	0.52

	Residential, Medium Density
	38%
	83
	25%
	2.07
	0.327

	Commercial and Services
	85%
	94
	75%
	1.765
	0.267

	Disturbed Land
	0%
	86
	0%
	1.22
	0.213

	Industrial
	72%
	91
	60%
	1.2
	0.26

	Institutional
	72%
	91
	60%
	1.13
	0.188

	Open Land
	0%
	79
	0%
	1.22
	0.213

	Residential, Low Density
	25%
	80
	5%
	1.645
	0.27

	Transportation
	75%
	98
	75%
	1.52
	0.2

	Upland Hardwood Forests
	0%
	73
	0%
	1.042
	0.346

	Upland Shrub and Brushland
	0%
	70
	0%
	1.155
	0.027

	Utilities
	72%
	91
	60%
	1.13
	0.188

	Vegetated Non-Forested Wetlands
	0%
	79
	0%
	1.15
	0.055

	Wetland Hardwood Forests
	0%
	79
	0%
	1.213
	0.021



2.5.2.2 Existing BMPs
Existing BMPs identified within the RAP Study Area were obtained from GIS data available from Miami-Dade County, City of North Miami, and the City of Miami. GIS data from the County covered the entire project area and included stormwater inventory from various sources.  For evaluating the baseline TN and TP loadings to the Biscayne Bay, existing water bodies identified within the RAP Study Area from the waterbody GIS data and aerial imagery was assumed to be wet detention systems. Additionally, larger water bodies within the flow path of drainage canals/ditches were not considered BMPs and not included in the model.
The BMPs identified within the study area consist of the following:
Exfiltration Trenches – Exfiltration trenches are widely used in south Florida and are also sometimes called french drains, and/or slab covered trenches. They generally provide a high level of first flush capture similar to retention by providing 80-95% capture of average annual rainfall and provide aquifer recharge through filter fabric and a rock trench media for filtration, adsorption, and absorption. 
Based on the available GIS data, approximately 100 miles of exfiltration trenches exist in the RAP Study Area.  For purposes of this study, the contribution area for the trenches is calculated based on the length of the trench (plus 10% to account for areas at the end of each trench) and an average drainage area width of 100 feet. Using this methodology, a total drainage area of 1,338 acres is estimated for existing exfiltration trenches in the study area. Removal efficiencies for exfiltration trenches is calculated using the exfiltration trench treatment option with BMPTRAINS.
Drainage and Recharge Wells – Drainage wells have long been used in Florida for discharge of stormwater into aquifer systems. Recent stormwater plans have proposed recharge wells which are systems that receive pre-treatment for stormwater before discharge to surficial aquifer zones (greater than 10,000mg/L total dissolved solids – TDS), Using the available GIS data, a total of existing 349 drainage wells are within the RAP Study Area. 
In order to account for the nutrient load removed from stormwater runoff through the drainage wells, a contributing area representing the drainage wells within each catchment area was calculated using the rational method. Based on 2012 Stormwater Master Plan Update performed by CDM Smith for the City of North Miami for recharge wells (similar rates of flow as drainage wells), an average well flow capacity of 1.0 cfs was estimated for the recharge wells in that study area. An average rainfall intensity of 2.5 in/hr was estimated using the IDF curves for southeast Florida and a 2-year storm. Using these assumptions, a total representative tributary area of 407 acres was estimated or just over 1 acre per drainage/recharge well. 
Removal efficiencies for recharge/drainage wells are expected to be approximately 95% based on capture of a similar amount of average annual rainfall, pretreatment, and discharge of dissolved parameters/nutrients into the surficial aquifer system. This 95% value was used through a user defined treatment option in BMPTRAINS.
Pollution Control Structures – These are typically baffle box chamber treatment systems to capture suspended solids trash and other floatables. The GIS showed that there were only 17 structures within the project area identified as a pollution control structure. A description or type of pollution control was not available in the GIS. Due to the lack of available data and a relatively small POC removal expected from these devices, the pollution control structures were excluded from the model.
Wet Detention Basins – These are a widely used BMP type in south Florida and provide flood control and water quality treatment. A total of 32 ponds/waterbodies were identified in the project area that were treated as wet detention basins.  The total area of these ponds is 309 acres with a total contributing area of nearly 3,500 acres. The permanent pool depth is unknown so a conservative average value of 5 feet is used for the nutrient removal calculations in BMPTRAINS.
2.5.2.3 Model Setup
The BMPTRAINS model setup consisted of 46 parallel catchments (i.e., basins were not placed in series) that discharge to an outfall (i.e., C-7, C-8 or Biscayne Bay).  The catchments include both the 17 basins delineated by municipality and watershed and the portion of each of those basins that include BMPs.  The catchments entered in the model representing the following:
Basins without BMPs – A total of 17 catchments representing each municipality discharging to one of the three major basins (C-7, C-8, or Biscayne Bay).  The catchment area is defined as the total area minus any contributing area associated with BMPs within the basin.
Basins with wet detention systems – Six of the 17 delineated catchments included wet detention systems. Basin characteristics remained consistent except the area contributing to the wet detention system(s) was changed to the estimated area and the BMP was assigned to their respective catchment.
Basins with exfiltration trenches – Similar to basins with wet detention systems, 13 of the 17 delineated catchments included exfiltration trenches. Changes to these catchments in the model included the contributing area to the trenches and percent DCIA (adjusted to 95% for roadways).
Basins with existing drainage and proposed recharge wells – Ten of the 17 catchments included drainage wells and were represented by separate catchments in the model.  Catchment characteristics were the same with the area changed to the estimated contributing area for the identified drainage wells.
2.5.2.4 Model Results
Average annual TN loadings calculated by BMPTRAINS for the entire study area are approximately 165,339 lb/yr.  Removal of TN through existing BMPs is calculated at 29,089 lb/yr resulting in a load to receiving waters of 136,251 lb/yr to the C7 Canal, C8 Canal, and Biscayne Bay.  With a total study area of 18,356 acres, the TN discharged on an annual basis is 7.4 lb/yr/ac. Calculated TP loadings were 26,887 lb/yr with 6,234 lb/yr removed through existing BMPs. This results in 20,653 lb/yr, or 1.1 lb/yr/ac discharged to the C-7 Canal, C-8 Canal, and Biscayne Bay.
The catchment delineation used in BMPTRAINS allowed for the breakdown of the TN and TP loadings by municipality and watershed basin. The breakdown for TN and TP loadings by municipality is shown in Table 2-17. A breakdown of the pollutant loadings by watershed basin are shown in Table 2-18.

[bookmark: _Hlk112145674]Table 2-17 BMPTRAINS Model Estimated Pollutant Loadings (lb/yr) by Municipality
	Municipality
	TN Baseline Loading
	TN Load Reduction from BMPs
	TN Resulting Load
	TP Baseline Loading
	TP Load Reduction from BMPs
	TP Resulting Load

	Village of Biscayne Park
	3,423
	30
	3,393
	543
	5
	538

	Village of El Portal
	2,402
	5
	2,397
	395
	1
	394

	Village of Miami Shores
	12,706
	1,281
	11,425
	1,959
	259
	1,701

	City of Miami
	23,586
	3,155
	20,431
	3,866
	517
	3,349

	City of North Bay Village
	2,596
	
	2,596
	467
	
	467

	City of N. Miami Beach
	818
	26
	792
	126
	22
	104

	City of North Miami
	24,165
	3,589
	20,577
	3,993
	595
	3,399

	Unincorporated Miami-Dade
	95,643
	21,003
	74,640
	15,538
	4,835
	10,702

	Total:
	165,339
	29,089
	136,251
	26,887
	6,234
	20,653



[bookmark: _Hlk112145697]Table 2-18 BMPTRAINS Model Estimated Pollutant Loadings (lb/yr) by Watershed Basin
	Basin
	TN Baseline Loading
	TN Load Reduction from BMPs
	TN Resulting Load
	TP Baseline Loading
	TP Load Reduction from BMPs
	TP Resulting Load

	C7
	96,081
	17,678
	78,404
	15,505
	3,900
	11,606

	C8
	39,432
	7,629
	31,803
	6,390
	1,613
	4,777

	Biscayne Bay
	29,826
	3,782
	26,044
	4,992
	721
	4,270

	Total:
	165,339
	29,089
	136,251
	26,887
	6,234
	20,653



2.5.3 Loading to Biscayne Bay from Canal Discharges
This sub-section summarizes the water quality evaluation designed to evaluate the flow and water quality discharges from the C-7 and C-8 Canals to North Biscayne Bay and the associated water quality impacts in the bay itself. The analysis is based on observed data from the years 2015 through 2021.	Comment by Author: If not stated anywhere else, recommend adding information about why this timeframe was selected for the analysis.
2.5.3.1 Flows and Loads from the C-7 and C-8 Canals
Daily flows are recorded in the C-7  Canal and C-8 Canal at SFWMD water control structures S-27 and S-28, respectively. As shown in Table 2-19, the average daily flows at the two canals for the years 2015 through 2021 are 254 and 110 cfs for the C-7 and C-8 Canals, respectively. Flow-weighted concentrations and average loads for the two canals were estimated by applying observed concentrations at station LR06 (C-7 Canal) and BS04 (C-8 Canal) to the flows at the water control structures. Observed concentrations on a particular date were applied to the flows on days from halfway to the previous sampling date to halfway to the next sampling date.  The table shows that the average concentrations of TN and TP are higher in the C-7 Canal – about 30 percent higher than corresponding average concentrations in the C-8 Canal.



[bookmark: _Hlk112145719]Table 2-19 Average Flow and Nutrient Levels for Years 2015 - 2021
	Canal
	Tributary Area at Control Structure (sq mi)
	Flow (cfs)
	Total Nitrogen
	Total Phosphorus

	
	
	
	mg/l
	lb/yr
	mg/l
	lb/yr

	C-7
	32
	2541
	1.13
	565,169
	0.030
	15,054

	C-7
	32
	2082
	1.11
	456,029
	0.027
	10,982

	C-8
	28
	110
	0.87
	188,442
	0.023
	4,982


1 – Includes 2020 flow data at structure S-27
2 – 2020 flow data at structure S-27 excluded

It should be noted that the validity of the 2020 flow data at the S-27 structure have been a point of discussion in the past. As noted in the Miami Waterkeeper’s Fish Kill Report, several scientists noticed that the August 2020 fish kill in North Biscayne Bay had been preceded by anomalously high flow rates from the C-7 Canal, beginning in May 2020. Based on analysis of SFWMD flow data, these flow rates exceeded any flow rate over the last 30 years and came later in the year and in larger pulses than in prior years. 
Higher flow rates were not observed in the adjacent C-6 or the C-8 Canal  and the abnormally high flow rates could not be explained by increased rainfall (NOAA database, Langdon 2020). Inquiries with the SFWMD indicated that there were no management changes that would have affected flow rates in the C-7 Canal.  It was also reported that the G72 salinity control structure allowing flow into the Little River has been closed for the past three years. 
SFWMD indicated that this increase in flow rate must, therefore, be due to local runoff and possibly due to elevated groundwater levels prior to rain events. However, this sudden influx in discharges from just the C-7 Canal (and not, for example, the C-8 Canal) remains unexplained. An analysis of annual discharges from the Little River and the rainfall within the basin indicated unusually high runoff/rainfall ratios, leading to a concern that the flow-rating curve at the outlet structure is likely inaccurate. The accuracy of the estimated flow rates depends on the algorithm. This calculation, which uses water level measurements at the structure, is a direct assessment of discharges for long periods. This concern was reported to SFWMD who are investigating the accuracy of the rating curves. At the time the Fish Kill Report was published, there had not been any resolution to this concern. At that time, SFWMD was investigating the flow rating curve at the S-27 structure for any errors.
The S-27 structure consists of two gated spillways, each having a width of 27 feet, height of 15 feet, and invert (spillway crest) elevation of -11 feet NGVD. Flows recorded in DBHYDRO are calculated based on measurements including the gate opening depths and the difference in water elevation on either side of the structure. Based on the Atlas of Flow Computations at Hydraulic Structures in the South Florida Water Management District (October 2015), the flow at S-27 should be calculated as a “Controlled Submerged Flow” structure, with flow calculated using a standard orifice equation. In this equation, the area of the rectangular orifice is represented by the width of the gate and the gate opening depth, and the hydraulic head is the difference in water elevation on either side of the structure. As noted in the atlas, an orifice discharge coefficient of 0.75 is assumed.
Detailed DBHYDRO data for 2020 water elevations and gate opening depths for the year 2020 were obtained by CDM Smith and used to calculate S-27 flows, which were then compared to the flow data stored in DBHYDRO for the S-27 structure. The analysis reproduced the flows recorded in DBHYDRO (i.e., the recorded flows are consistent with flow values calculated from the gate opening and water elevation data).  Consequently, the flow calculation methodology appears to be applied properly. However, that does not necessarily mean that the calculated flows accurately represent the actual flows from the C-7 Canal. The calculated flows cannot be validated without some comparison to actual flow measurements (e.g., measurement of flow cross-sectional area and velocity). The validity of the calculated flows depends upon the suitability of the assumed discharge coefficient, suitability of the water level measurement locations, and accuracy of the water level and gate opening measurements.
A potential discrepancy in the flow data is apparent when comparing the flows in the C-7 and C-8 basins. Both are of similar size (32 versus 28 square miles) with similar land use and soils composition, yet the flow at the S-27 structure in the C-7 Basin is more than twice the flow at the S-28 structure in the C-8 Basin. As the 2020 flow data at the S-27 structure are potentially suspect and still under review, the analysis was modified to remove the 2020 flow data for the C-7 Canal. For this reason, the 2020 flow data were excluded from the analysis described in the following sections but is shown in Table 2-19 for informational purposes.
It should also be noted that when comparing the stormwater loads (summarized in 2.5.2.4) to the canal loads, the TP loads calculated using the BMPTRAINS model (Table 2-18) for stormwater runoff are nearly as high or higher than the loads calculated with the measured flow and concentration data as shown in Table 2-19. It should be noted that the BMPTRAINS is not a calibrated model. For the purposes of this RAP, this tool was used primarily for calculating a baseline stormwater load so that future eligible projects could be compared against the baseline to calculate a nutrient reduction credit (discussed in Section 4).  Modeling discrepancies will be addressed in future phases of RAP development through the use of holistic calibrated models that consider all loading sources within the watershed and bay ecosystem.	Comment by Author: DEP agrees that as mentioned in the draft report, comprehensive calibrated models will be needed in future phases that consider all external and internal loading sources within a complex system of Biscayne Bay with ground water inputs and tidal influences.       
2.5.3.2 WASP Model Development 
As an initial test of existing nutrient pollutant load versus water quality impacts of this Phase 1 RAP, the average flows and flow-weighted concentrations were used as input to a simple USEPA Water Quality Analysis Simulation Program (WASP) representation of the North Biscayne Bay that is within WBIDs 3226H5 and 3225H6.  A schematic of the WASP model is presented in Figure 2-20. The model includes three segments, representing:
1. North Biscayne Bay area in WBID 3226H5 (Segment H5)
2. Most of the North Biscayne Bay area in WBID 3226H6 (Segment H6)
3. Small portion of North Biscayne Bay in WBID 3225H6 (Segment H6_South)
Average flows from the C-7 and C-8 Canals are applied to Segments H5 and H6, respectively, and then routed south to downstream segments and ultimately out of the model. Tidal mixing between segments, and between Segment H6_South and the North Biscayne Bay area to the south (WBID 3226H3), is accounted for by applying dispersion inputs to WASP.
[image: ]Figure 2-20 WASP Schematic


[bookmark: _Hlk112232473]2.5.3.2.1 Segmentation
The surface area and average depth of the WASP segments were estimated based on a 2018 GIS coverage of the North Biscayne Bay bathymetry from NOAA. Table 2-20 lists the input parameters used in the WASP model.
[bookmark: _Hlk112145757]Table 2-20 WASP Inputs for Segment Geometry and Tidal Dispersion
	WASP Segment
	Segment Inputs

	
	Volume (m3)
	Mean depth (m)
	Cross-sectional Area (m2)
	Distance (m)
	Dispersion Coefficient (m2/s)

	H5
	4.36E+7
	3.37
	---
	---
	---

	H5 – H6 Mixing
	---
	---
	2,700
	5,000
	115

	H6
	9.19E+7
	3.37
	---
	---
	---

	H6 – H6_South Mixing
	---
	---
	3,600
	4,500
	120

	H6_South
	1.02E+7
	3.37
	---
	---
	---

	H6_South – H3 Mixing
	---
	---
	12,000
	1,500
	120

	H3
	---
	---
	---
	---
	---



[bookmark: _Hlk112232584]2.5.3.2.2 Tidal Mixing/Dispersion
Table 2-20 also lists the tidal mixing inputs. The cross-sectional area and mixing distance are again based on the GIS coverage of the North Biscayne Bay bathymetry. The dispersion coefficient values were established based on comparison of observed and modeled salinities which are summarized later in this section.
[bookmark: _Hlk112232597]2.5.3.2.3 Boundary Concentrations
Assigned boundary concentrations are defined in WASP to establish the average concentrations associated with the C-7 and C-8 Canals and the concentrations in WBID 3226H3. The canal boundary concentrations are applied to the average canal flow to establish the loads to the bay. Concentrations in WBID 3226H3 are used to evaluate the tidal mixing between WASP segment H6_South and the H3 boundary. Concentrations established from evaluating observed data are presented in Table 2-21. 
[bookmark: _Hlk112145779]Table 2-21 Boundary Concentrations for WASP Model
	Water Quality Constituent
	Location

	
	C-7 Canal
	C-8 Canal
	H3

	Salinity (ppt)
	0
	0
	33.7

	Total Nitrogen (mg/l)
	1.11
	0.87
	0.130

	Organic Nitrogen
	0.76
	0.59
	0.102

	Ammonia Nitrogen
	0.08
	0.06
	0.011

	Nitrate Nitrogen
	0.27
	0.22
	0.017

	Total Phosphorus (mg/l)
	0.027
	0.023
	0.0050

	Organic Phosphorus
	0.012
	0.013
	0.0016

	Inorganic Phosphorus
	0.015
	0.010
	0.0034

	Chlorophyll a (ug/l)
	---
	---
	1.06




[bookmark: _Hlk112232612]2.5.3.2.4 Bay Water Quality Parameters
WASP water quality input parameters affecting nutrient kinetics and phytoplankton growth were established based on the comparison between the modeled average concentrations in the WASP segments and corresponding average observed concentrations in the WBIDs. Key parameter values included: algal maximum growth rate, respiration rate and death rate; ratios of carbon to nitrogen and phosphorus; and half-saturation constants of inorganic N and inorganic P used to assess nutrient-limited algal growth. These are shown below in Table 2-22.
[bookmark: _Hlk112145791]Table 2-22 Kinetic Rate Values Used in WASP Model
	Rate Constant
	Value

	Organic and Inorganic Nutrients

	Dissolved Organic Nitrogen Mineralization Rate Constant (1/day)
	0.02

	Dissolved Organic Phosphorus Mineralization Rate Constant (1/day)
	0.02

	Nitrification Rate Constant (1/day)
	0.05

	Phytoplankton

	Phytoplankton Maximum Growth Rate Constant (1/day)
	0.585

	Phytoplankton Carbon to Chlorophyll Ratio (mg C/mg Chl)
	22

	Phytoplankton Respiration Rate Constant (1/day)
	0.15

	Phytoplankton Death Rate Constant (Non-Zoo Predation) (1/day)
	0.075

	Salinity at which algal mortality is half maximum value (g/L)
	30

	Phytoplankton Half-Saturation Constant for N Uptake (mg N/L)
	0.039

	Phytoplankton Half-Saturation Constant for P Uptake (mg P/L)
	0.0039

	Fraction of Phytoplankton Respiration Recycled to Organic N
	1.0

	Fraction of Phytoplankton Respiration Recycled to Organic P
	1.0

	Phytoplankton Nitrogen to Carbon Ratio (mg N/mg C)
	0.28

	Phytoplankton Phosphorus to Carbon Ratio (mg P/mg C)
	0.008





2.5.3.3 WASP Model Application for Existing Conditions 
Using the inputs discussed above, the WASP model was simulated to characterize existing conditions. Initially, the dispersion inputs were adjusted to establish agreement between the observed average salinity and modeled salinity in WASP segments H5 and H6. Once the tidal mixing was defined, the bay water quality inputs such as nutrient kinetic rates were adjusted to establish agreement between observed average concentrations and modeled concentrations for nitrogen, phosphorus and chlorophyll a. The analysis of average concentrations also included the calculation of a 90% confidence interval for the mean observed value. 
The values of average observed concentration, 90% confidence interval for the average observed concentration, and the WASP modeled concentrations are presented in Table 2-23. In most cases, the modeled WASP concentrations are close to the observed average concentration and within the 90% confidence interval of the observed average. The average chlorophyll a values in both WASP segments are within 5% of the observed average value.


[bookmark: _Hlk112145808]Table 2-23 Modeled and Observed Concentrations in WASP Segments
	Water Quality Constituent
	Observed Concentration
	

	
	Average
	90% Confidence Interval of Mean
	WASP

	Segment H5

	Salinity (ppt)
	29.1
	
	29.1

	Total Nitrogen (mg/l)
	0.233
	0.210 – 0.256
	0.242

	Nitrate Nitrogen (mg/l)
	0.027
	0.023 – 0.031
	0.027

	Total Phosphorus (mg/l)
	0.0089
	0.0079 – 0.0099
	0.0076

	Inorganic Phosphorus (mg/l)
	0.0036
	0.0027 – 0.0046
	0.0035

	Chlorophyll-a  (ug/l)
	2.58
	2.31 – 2.85
	2.55

	Segment H6

	Salinity (ppt)
	30.5
	
	30.5

	Total Nitrogen (mg/l)
	0.247
	0.233 – 0.261
	0.217

	Nitrate Nitrogen (mg/l)
	0.025
	0.023 – 0.026
	0.025

	Total Phosphorus (mg/l)
	0.0092
	0.0085 – 0.0100
	0.0070

	Inorganic Phosphorus (mg/l)
	0.0041
	0.0034 – 0.0047
	0.0036

	Chlorophyll-a (ug/l)
	2.03
	1.86 – 2.20
	2.11






[bookmark: _Hlk112143032]Section 2 · Description of Impaired Water Body
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