15. WATER QUALITY MODEL

WHAT IS WATER QUALITY?

Water is essential to human life and to the health of the environment. As a valuable natural resource, it comprises marine, estuarine, freshwater (river and lakes) and groundwater environments, across coastal and inland areas. Water has two dimensions that are closely linked - quantity and quality. Water quality is commonly defined by its physical, chemical, biological and aesthetic characteristics. A healthy environment is one in which the water quality supports a rich and varied community of organisms and protects public health.

Water quality in a body of water influences the way in which communities use the water for activities such as drinking, agriculture or commercial purposes. More specifically, the water may be used by the community for:

· Supplying drinking water 

· Recreation (swimming, boating) 

· Irrigating crops and watering stock 

· Industrial processes 

· Protection of aquatic ecosystems 

· Wildlife habitats

· Education

IMPORTANCE OF WATER QUALITY
Water resources are of major environmental, social and economic value to the nation, and if water quality becomes degraded this resource will lose its value. Water quality is important not only to protect public health, water also provides ecosystem habitats, is used for farming, fishing and mining, and contributes to recreation and tourism. If water quality is not maintained, it is not just the environment that will suffer; the commercial and recreational value of our water resources will also diminish.

WATER QUALITY PARAMETERS
Water quality is closely linked to the surrounding environment and land use. Other than in its vapor form, water is never pure and is affected by community uses such as agriculture, urban and industrial use. The modification of natural stream flows by dams and weirs can also affect water quality. 

Rivers frequently act as conduits for pollutants by collecting and carrying them from catchments and, ultimately, discharging it into the bay. Stormwater, which is highly rich in nutrients, organic matter and pollutants, finds its way into rivers and oceans mostly via the stormwater drain network. Water quality may also be affected by bacteria from sewer overflows or other runoff into stormwater drains.

The presence of contaminants and the characteristics of water are used to indicate the quality of water. Some of these water quality parameters considered for modeling in this study are as given below:

Biological Oxygen Demand (BOD)

Biological Oxygen Demand, or BOD, is a measure of the quantity of oxygen consumed by microorganisms during the decomposition of organic matter. BOD is the most commonly used parameter for determining the oxygen demand on the receiving water of a municipal or industrial discharge. BOD can also be used to evaluate the efficiency of treatment processes, and is an indirect measure of biodegradable organic compounds in water.

Total Suspended Solids (TSS)

Total suspended solids (TSS) include all particles suspended in water, which will not pass through a filter. Suspended solids are present in sanitary wastewater and many types of industrial wastewater. There are also nonpoint sources of suspended solids, such as soil erosion from agricultural and construction sites. As levels of TSS increase, a water body begins to lose its ability to support a diversity of aquatic life. Suspended solids absorb heat from sunlight, which increases water temperature and subsequently decreases levels of dissolved oxygen. TSS can also destroy fish habitat because suspended solids settle to the bottom and can eventually blanket the riverbed. Natural movements and migrations of aquatic populations may be disrupted.

Total Phosphorus (TP)

Total Phosphorus (TP) is an essential nutrient for all life forms, and is the eleventh-most abundant mineral in the earth's crust. In surface waters, phosphorus is usually present as phosphate (PO4-P). Phosphorus is needed for plant growth and is required for many metabolic reactions in plants and animals. Excessive concentrations of phosphorus can quickly cause extensive growth of aquatic plants and algal blooms. Several detrimental consequences may result. Excessive algae and plant growth can lead to depletion of the oxygen that is dissolved in the water. Water can hold only a limited supply of dissolved oxygen (DO) and it comes from only two sources, diffusion from the atmosphere and as a by-product of photosynthesis. Excessive growth leads to depletion of DO because of nighttime respiration by living algae and plants and because of the bacterial decomposition of dead algae/plant material. Depletion of DO adversely affects many animal populations and can cause fish kills.

Total Kjeldahl Nitrogen (TKN)

Nitrogen is usually the most significant nutrient in estuarine and marine waters, but not in freshwater ecosystems. Total Kjeldahl Nitrogen (TKN) is a measure of organically bound forms and includes organic nitrogen and ammonia nitrogen. Ammonia is a bioavailable nutrient. It is very soluble in water. Depending on the pH and temperature, a fraction of the total ammonia exists as an undissociated form (NH3). This can be toxic to some fauna. As pH increases and as temperature increases, the fraction decreases. Oxidized nitrogen including nitrite and nitrate nitrogen, are dissolved bioavailable forms.

Heavy Metals

Although some heavy metals such as copper and zinc are important trace elements for aquatic life, they can be toxic to some aquatic biota at higher concentrations. They also can exhibit additive or synergistic effects, i.e. where there are additive effects from two or more metals present, their individual toxicities are combined; where there are synergistic effects, the combined effect is greater than the sum of the individual effects.

Measurements of these water quality parameters can be used to determine, and monitor changes in, water quality, and determine whether the quality of the water is suitable for the health of the natural environment and the uses for which the water is required.

WATER QUALITY MODELING
A water quality model is a tool for simulating the movement of precipitation and pollutants from the ground surface through pipe and channel networks, storage treatment units and finally to receiving waters. Both single-event and continuous simulations may be performed on catchments having storm sewers and natural drainage, for prediction of flows, stages and pollutant concentrations. Each water quality model has its own unique purpose and simulation characteristics. 

Models commonly used for estimating the pollutant loadings/concentrations are spreadsheet models, SWMM (Storm Water Management Model), SLAMM (Source Loading and Management Model) and BASINS (Better Assessment Science Integrating Point and Nonpoint Sources). Based on Lee County’s preference, a spreadsheet model was selected for water quality analysis in this study. This spreadsheet model, developed by Environmental Research and Design, Inc. (ERD) of Orlando, FL, has several advantages over other similar models such as: 

· Easy set-up

· Public domain model/access

· Can be customized to fit any situation

· Modeler retains control over computational algorithms

· Can be easily modified for future conditions and other stormwater management systems

The disadvantages of ERD model are: 

1) No provision for incorporating the effects of water quality best management practices.

2) It is limited to estimation of pollutant loadings on an annual basis, although the methodology can be adapted to monthly estimations.

ERD MODEL METHODOLOGY

The ERD model is based on landuse characterization and performance evaluation studies for stormwater treatment systems performed specifically in Southwest Florida. The data utilized for the development of ERD model were obtained from studies and scientific literature prepared by SFWMD, SWFWMD, St. Johns River Water Management District (SJRWMD), FDEP, USGS, Collier County, and Lee County.

Steps necessary to determine the total untreated constituents concentration in a watershed using ERD model are given below:

1. Comparison of landuse categories

2. Determination of mean event concentrations 

3. Estimation of pollutant loadings from stormwater runoff

4. Estimation of total untreated constituents concentration in mg/l

Comparison of Landuse Categories

Since the landuse categories used by ERD model differ from the landuse categories of the GIS database developed in this study, a landuse use comparison was conducted in order to estimate the mean event concentrations of pollutants using ERD model. The landuse categories were compared between those provided in the ERD model documentation and the categories included in the SFWMD GIS landuse data used in this study. Table 15.1 provides the landuse comparison.

Determination of Mean Event Concentrations

After comparison of the landuse categories, the mean event concentrations provided in Table 7 of the ERD model document (Appendix F) were utilized to associate the concentrations for different landuse categories to the landuse categories in SFWMD GIS data Table 15.2 provides the mean event concentrations for different landuse categories in the study watershed.

Estimation of Pollutant Loadings from Stormwater Runoff

Once the mean event concentrations for the selected water quality parameters in the study area is finalized, the mass loading of the pollutants from the stormwater runoff is determined using the following formula:

Load (kg/year) = 
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where
Ai = Area of Landuse Category, i (acres)

n = Number of different Landuse Categories

Ci = Concentration of selected runoff constituent in land use category i (mg/l)

R = Annual rainfall at site (inches/year)

CVi = Runoff “C” value for land use category i (dimensionless)
The runoff coefficients as a function of the curve number and directly connected impervious areas (DCIA) were estimated from Table 4 of the ERD model document (Appendix F) for modeling purposes. 

The average total annual rainfall for Fort Myers area from 1960-1993 is 53.15 inches based on the ERD model document.
Estimation of Total Untreated Constituents Concentration in mg/l

Once the mass loading of pollutants is calculated, the final estimated total untreated constituents concentration in mg/l is calculated using the following formula:

Total Untreated Constituents Concentration (mg/l) = 
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where V = Total runoff volume (liters)

EXISTING CONDITIONS WATER QUALITY MODELING
The methodology described above and the data attached as part of the Appendix F from the ERD model document were used to develop a spreadsheet model to determine the untreated pollutant concentration in the existing conditions for the study area. Each subbasin delineated within a watershed was characterized based on different landuse categories and respective runoff curve numbers. For each curve number, the runoff coefficients for the existing condition landuse was extrapolated from Table 4 of ERD model document (Appendix F) with a DCIA percentage of zero. Table 15.3 provides the runoff coefficients for different runoff curve numbers for DCIA of zero percent, 5 percent and 30 percent of the subbasin area.

After estimating the pollutant loadings for each subbasin, the total untreated annual constituents concentration was calculated for each watershed in mg/l. Table 15.4 summarizes the total untreated constituents concentration for each watershed in mg/l. The estimated concentrations were then compared with the standard criteria from FDEP for surface water quality parameters and also the results of laboratory tests of grab samples obtained by Lee County at different locations along Burnt Store Road during 2002-03. Table 15.5 gives the concentrations of constituents for the grab samples. 

The water quality modeling calculations done for each of the subbasin within the study area, for existing landuse conditions, using the ERD model is attached as part of Appendix G.

FUTURE CONDITIONS WATER QUALITY MODELING
For future conditions modeling, runoff coefficients were determined for the same curve numbers but with two different DCIA percentages.

Case A:

Subbasins with DCIA < 1.4% were assigned DCIA = 0 

Subbasins with DCIA of 27-30% were assigned DCIA = 30% 

Case B:

Subbasins with DCIA > 1.4% and < 5.5% were assigned DCIA = 5%

Subbasins with DCIA of 27-30% were assigned DCIA = 30% 

DCIA percentages for each of the subbasins were calculated based on different landuse criteria as described in Chapter 4. The runoff coefficients for different curve numbers for each of these DCIA percentages are provided in Table 15.3. Calculations were performed based on the ERD methodology and the total untreated annual constituents concentration were summarized for both future landuse conditions Case A and Case B. Table 15.6 summarizes the untreated annual constituents concentration for future landuse conditions Case A and Case B.

WATER QUALITY LEVEL OF SERVICE
Based on discussions with Lee County, Surface Water Quality Classifications published by FDEP, Rule 62-302.530 (Appendix I) were considered to be the intended level of service for specific water quality constituents. This document did not provide acceptable concentration values for Total Suspended Solids (TSS) and Total Kjeldahl Nitrogen (TKN). Table 15.7 gives the standard concentrations of water quality constituents and modeled concentrations. The comparison between these values show that BOD, TP, and Lead concentrations did not meet the level of service in the study area. 

A comparison was also made between the modeled water quality constituents concentration with the laboratory results of the grab samples as a “validation” of ERD model results (Tables 15.5 and 15.7). Of all the constituents, the modeled existing conditions concentrations of TP, TKN and Zinc compare reasonably with the grab samples concentrations measured along Burnt Store Road. The remaining modeled concentrations vary significantly compared to grab samples.

WATER QUALITY BEST MANAGEMENT PRACTICES (BMPs)
A review of literature was done on previous work performed within the State of Florida for quantifying the pollutant removal efficiencies associated with various stormwater management systems. Comparative removal efficiencies were obtained and summarized for on-line dry retention, on-line wet retention, off‑line retention/detention systems, wet detention, and dry detention systems. Estimated pollutant removal efficiencies were generally available for total nitrogen, orthophosphorus, total phosphorus, TSS, BOD, copper, lead and zinc.

The terms “detention” and “retention” are often used interchangeably by engineers. A brief definition of each is given below:

Detention: The collection and temporary storage of stormwater, generally for a period of time ranging from 24‑72 hours, in such a manner as to provide for treatment through physical, biological or chemical processes with subsequent gradual release of stormwater to downstream receiving waters.

Retention: On‑site storage of stormwater with subsequent disposal by infiltration into the ground or evaporation in such a manner as to prevent direct discharge of stormwater runoff into receiving waters.

Table 15.8 gives the summary of pollutant removal efficiencies of stormwater treatment systems for various water quality constituents in Florida. Existing literature suggests that only dry retention systems are capable of providing approximately 80% reduction in pollutant loads. Off‑line retention/detention facilities are capable of providing approximately 80% reduction in TP, TSS, BOD, and Zinc, but provide only a 60‑75% reduction in annual pollutant loadings for TN, Copper and Lead. Wet retention systems provide 80% reduction for TSS only; their removal efficiencies for TN, TP, and BOD range from 40‑50%.

Good pollutant removal efficiencies are achieved in wet detention systems for orthophosphorus, total phosphorus, TSS, BOD and heavy metals, although removal efficiencies are less than 80%. 

Overall, the most effective stormwater management systems in terms of retaining stormwater pollutants appear to be dry retention, off‑line retention/detention ponds, wet retention, and wet detention systems. Previous studies have emphasized use of these treatment systems to maximize the pollutant removal effectiveness of stormwater management programs.

There are two County-owned parcels and several privately owned open lands available east of Burnt Store Road (Figure 6.1) that can be used for water quality treatment. However, as explained in the previous section, the proximity of the seasonal high water table to the existing ground elevations is an issue for providing retention/detention treatment systems. Soil survey report indicates that the seasonal high water table is within 1-ft below the existing ground elevations. Future studies should assess the seasonal high water elevations in potential parcels using soil boring so that the feasibility of providing wet/dry retention or detention treatment systems could be determined.

Since vast areas east of Burnt Store Road are State-owned, the water quality treatment requirements for potential retention/detention systems were calculated only for the areas not owned by the State. The land area to be treated is approximately 650 ac in Yucca Pen Creek, 290 ac in Durden Creek watershed, and 1550 ac in Greenwell Branch watershed.  Table 15.9 provides the treatment volume required in these three watersheds east of Burnt Store Road.

Future development projects east of Burnt Store Road should be required to provide treatment for 1-inch of runoff generated from the developed areas through wet or dry retention/detention ponds.

CONCLUSIONS

1. Based on the ERD model analysis (Appendix G), BOD, Total Phosphorus, and Lead are the water quality constituents that do not meet the water quality standards set by FDEP in the existing as well as future landuse conditions.

2. Water quality modeling of future landuse conditions indicates slight increase in constituent concentrations compared to the existing landuse conditions.
3. Literature review indicates that wet/dry retention or detention systems are the most effective water quality BMPs in the South Florida region.
4. The pollutant removal efficiencies of these water quality BMPs are in the range of 60% to 90%.

RECOMMENDATIONS

1. Future developments within the unincorporated areas of Lee County east of Burnt Store Road should be required to provide treatment for 1-inch of runoff generated from the developed areas through wet or dry retention/detention systems as the BMPs.

2. Accurate determination of the seasonal high water tables in the areas where these BMPs will be located is necessary for the proper design of these treatment systems.


















































































1
Page 15-13

_1164727102.unknown

_1164717413.unknown

