[11. Freshwater Canals
A. Introduction

Broward County’s current system of drainage conssts of approximately two hundred and sixty-Six
miles of waterways (Broward County Planning Council 1989). The primary drainage system is
managed by the South Florida Water Management Didtrict (SFWMD) and congists of nine mgjor
cands and their corresponding drainage basins (Figurell1.1): Hillsboro Cand, C-14 (Cypress Creek)
Cand, Pompano Cand, C-13 (Middle River) Cand, C-12 (Plantation) Canal, North New River
Cand, C-11 (South New River) Canal, C-9 (Snake Creek) Canal, and the C-10 (Hollywood) Candl.
Theseninemgor cands, dong with secondary and tertiary cand's, eventud|ly draintothemain estuarine
areas(i.e, Intracoastal Waterway; see Section 1V). Theexceptionisthewestern segment of the C-11
Cana whichisnormally backpumped into the Water Conservation Area(WCAS). Overdl, thecanas
areprimarily used for flood control, however, secondary usesincludedrainage of land for development,
discharge of excess water to and from the WCAS, prevention of sdtwater intrusion, and recharge of
wellfields (Cooper and Lane 1987). The result is a highly managed, intricate system of cands and
retention ponds with control structures and pumps that maintain the balance between flood prevention
and over drainage. The chemica characteristics of cands must be studied in order to understand
possible ‘ downstream effects on receiving water bodies (i.e., the Everglades and coastal systems).

While the cand system’s primary function has been and continues to be conveyance, the waterways
are currently consdered waters of the state of Florida aso known as Class |11 waters (see Florida
Adminigrative Code[FAC] 62-302; State of Florida1998). Class|lI watersare designated asbeing
used for “recreation, propagation and maintenance of a hedthy, well-baanced population of fish and
wildlife’ (FAC 62-302.400). Despite habitat limitations, aguatic popul ations exist within the cana sbut
the abundance and diversity of these organisms has rarely been quantified in Broward's urban
waterways (but see Florida Game and Freshwater Fish Commission 1985). The canals are used by
arddively large group of recreationd fishers. Largemouth bass, Micropterus salmoides, isapopular
speciesof choice, aswell astherecently introduced peacock bass, Cichla ocdllaris, which hasthrived
in Miami-Dade and Broward Counties (http:/mwww.statefl.us dfcfishing/Fishes). Thus, these
waterways are being used in waysthet differ from their primary function of drainage but are cons stent
to some extent with their regulatory classification. Understanding the chemigtry of these candsis
important in determining the water bodies potentia to support biologica populations.

B. Objectives and Scope

Four mgjor objectives condtitute the framework for the study and include:

1 Determine water quality conditions (long-term and current) at each freshwater cana
sampling Ste;

1 Deeamine compliance patterns with Broward County’s Chapter 27 water quality
standards (Broward County 2000);
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1 Determine smilarities and differences exiging within each basin or region; and

1 Formulate research questions, needs, and direction for better management of the entire
Broward freshwater cand system.

At the core of this freshwater cana investigation is a three-part data analysis performed a each
sampling Stein aparticular basin.

< Aninitid descriptive satigticd andlysisof dl parameters and data collection yearsfor each
gte

< Graphicd andyses of mgor parameters (dissolved oxygen, tota phosphorus, total
nitrogen, and fecd coliform) at each Ste; and

< Graphica and statistical andyses of mgjor parameters collected during post-
wastewater treatment plant discharge years with afocus on seasond concentrations.

The descriptive analyss provides a historic sngpshot of the total sampling effort a each particular Ste.
Graphicd andyss was performed to investigate inter- and intra annud variation. Furthermore,
graphica analyses was performed to better understand the influence of wastewater treatment plant
(WWTP) dischargesto surface watersto both the observed concentrations and water quality standard
compliance. Finaly, an attempt to discern seasona differences was performed graphically and
gatidicaly for theyears 1989 through 1997. Thisalsodlowed for better interpretation of overdl water
quality post-WWTPs, as well as integrating known dry, wet, and average rainfal years smilar to
modding effortsof theWater Preserve Areas(WPA) Feas bility Study ( http://Amww.evergladesplan.org
[projects'wpa_main.htm). The WPA study islooking at the possibility of storing water inthewestern
portions of developed south Foridafor better management of water supply to Everglades Restoration
and public water supplies.

C. Freshwater Regions

A mgority of the nine drainage basins have freshwater canas that discharge eestward to estuarine
sections through coastal sdinity control structures depending on water eevations (Figure 111.1).
Estuaries are semi-enclosed water bodies with a free connection to the sea and a defined freshwater
source (Comp and Seaman 1985). Some diretches of a smilarly named water body may be
considered the headwaters and the tailwaters of a control structure (Table I11.1). Perhaps more
importantly, certain cands (e.g., Hillsboro) have both freshwater and estuarine segments. The C-10
Cand isactudly al within an estuarine system and will be discussed in Section IV. For this section,
the freshwater ssgmentsare the primary focuswith the exception of one C-13 Cand location (Site 11)
which isimmediately east of the control structure S-36 (Figure 111.2).
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From Table 111.1, the freshwater cand regions of the county can be broken down into the following
eight mgjor canas from north to south- Hillsboro, C-14, Pompano, C-13, C-12, North New River,
C-11, and C-9. A long term data set does not exist for the Pompano Candl, thus, seven freshwater
regions will be addressed in thisreport. The Pompano Cand Basin, located in northeastern Broward,
isthe smallest in the county with an areaof just over seven miles square (mi?, Cooper and Lane 1987).
However, BCDPEP began monitoring the Pompano Cand at Dixie Highway in 1999, in part, to better
undergand the water quality of discharges to estuarine waters. Future reports will detail water
characterigtics of this basin.

D. General Hydrological Characteristics

Water management by the SFWMD, Broward County Office of Environmental Services (BCOES)
and/or Independent Drainage Didrictsis often determined by rainfdl, water eevations, and/or threet
of tropica storms and hurricanes. Thus, flow volume and rate can be quite variable within the same
cana system, aswel | as between adjacent cands. Inessence, Broward' swaterwaysrepresent alarge,
complex “outdoor plumbing” system designed to provide flood protection and drinking water aquifer
recharge and to maintain groundwater devations. Basin specific hydrologicad information primarily
derived from Cooper and Lane (1987) will be presented with each of the seven candls.

Groundwater can aso be an important inflow to the South FHorida freshwater canads due primarily to
the transmissive nature of the Biscayne Aquifer (Lietz 1999). Groundwater interaction with the cands
is highly dependent on rainfdl, tidal flow, and consumptive use patterns by the loca population.
Waterways can ether be classified as“gaining” water from groundwater or “loang’ it to groundwater
(see Lietz 1999, hisFigure6). Thus, theinteraction of surfacewatersand groundwater isan important
factor in the operation of water control structures to protect public water supplies and water quality
characterigtics.

A highly variable average annud rainfal of amost fifty-three inches includes a wet season (June thru
October) with average rainfdls of 35 inchesand adry season (November thru May) that experiences
averagerainfals of 17.4 inches (McPherson and Haley 1997). These rainfal amounts coupled with
alargeareaof impervious, urban land uses, make Broward’ sstormwater amgjor transport mechanism
for land-based pollutants. Conveyance through secondary and tertiary canals adds to the complexity
of underganding the fate of sormwater pollutants. The datain the current report is ambient water
quality monitoring and not direct sormwater observations. Overdl, the following results should be
viewed asa‘sngpshot’ of how awater body’ s chemigtry integrates sormwater inflows, groundwater
interaction, as well as the biological and physica processes that occur in aquatic systems. However,
BCDPEP s sampling strategy has focused on a specific cendar date regardless of previous climatic
conditions. Some sampling dates may have had rainfal events within a period which would influence
the water quaity observations of that day. Due in part to the Size of the database, an initid screening
for sampling events during or after rainfall was not performed. Potentidly, some of the outlierswithin
the data are the result of sampling during or immediately after a storm event.
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E. Hillshoro Canal
1. Basn and Canal Structure

Completed in 1914, the Hillsboro Cana drainsan areaof one hundred and two mi2 (Cooper and Lane
1987). Forty mi? of this relatively large basin are located in northeastern Broward County and the
remaining area (Sixty-two mi?) lies within the boundaries of southeastern PAm Beach County. The
cand’ sheadwaters arein PAm Beach County wherethe SFWMD’ swater control structure S-39 Sits
at the confluence of the L-39 and L-40 waterways (see Table I11.1).

The L-39 is a conveyance cand that divides Water Conservation Areas (WCAS) 1 and 2 (Figure
[11.2). The L-40 flows aong the eastern range of WCA 1 (primarily Arthur R. Marshall Loxahatchee
Natural Wildlife Refuge) and the western populated portions of Pam Beach County. Water can dso
enter the Hillsboro Canad from the south via the L-36 through S-39A (Cooper and Lane 1987).

From the S-39, Hillsboro Cand water normally flows eastward to the SFWMD’ s water control
structure G-56 (Cooper and Lane 1987). Water isdischarged at the G-56 to the estuarine portion of
the Hillsboro Cand and eventudly reachesthe Intracoastal Waterway (see Section V). Mgor inflows
to the Hillsboro Cand are from the Lake Worth Drainage District (Cooper and Lane 1987), in
particular the E-1 Cand located at the State Road 7 (US 441) bridge. In addition, BCOES operates
asystem of secondary and tertiary cand's which ether withdraw from or discharge into the Hillsboro
Cana (BCDNRP 1998).

Despite the extensive canal network, drainage continues to be a problemin the southwestern portion
of thebasin. Because of this, the SFWMD stormwater regulations require retention of all sormwater
runoff for 48 hours. Within the Hillshoro Basin's western areas, two independent drainage digtricts
(North Springs Improvement Didgtrict and Pine Tree Water Control Digtrict [WCD]) control water
management activities. Broward County OES through its WCDs, including the dependent Cocomar
WCD, regulate water flows and elevationsin the basin’s eastern range (see Section |, Figure 1.4).

2. Municipalitiesand Land Uses

Within Broward County, the Hillsboro Cand Basin includes the cities of Hillsboro Beach, Parkland,
Deafidd Beach, the northern haf of Coconut Creek and gpproximately haf of Cora Springs (see
Section I, Figure1.3). The eastern portion of this basin was one of the earlier areas of the county to
be developed. Dearfidd Beach, located in the eastern hdf of the basin was incorporated in the early
1920s, around the same time as Oakland Park and Hollywood. 1t was not until the post-World War
Il population boom that the remainder of the citiesin the basin wereincorporated. Parkland and Corad
Springs were incorporated in 1964 and Coconut Creek was incorporated three yearslater (Broward
County Planning Council 1977).

In the mid-1970s, the mgjor land use in the Hillsboro Cand Basin was agriculture which comprised
approximately 42% of thebasin. Improved pasturein the southwest portion of the basin defined almost
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haf of the agriculturd land while the remaining agricultura uses conssted of nurseries, citrus, and
vegetable farms. Very little commercia and industria land use existed and less than 109% of the basin
area condsted of residentiad development, which was predominantly located in the eastern portion of
the basin (SFWMD 1977).

The digtribution of land use soon began to changein order to accommodate the expanding population.
By the late 1970s, the City of Deerfidld Beach in the eastern portion of the basin experienced the
largest growth, increasing from just over 16,000 peoplein 1970to closeto 38,000 by 1978. The City
of Cora Springs, the north haf of which lieswithin the Hillsboro Cana Basin, dso experienced rgpid
growth during this period. The city grew from approximately 1,500 residentsin 1970 to over 25,000
in 1978. Coconut Creek, in the center of the basin, dso grew by afew thousand residents, with the
mgority of the new residentsin the southern portion of thecity. Thewestern city of Parkland remained
relatively unpopulated at less than 500 residents throughout the 1970s (Broward County Planning
Council 1987).

During the 1980s, these same cities continued their rapid rate of growth. By 1987, Deerfield Beach
had morethan 45,000 residentsand Coral Springswas approaching 64,000 residents. Coconut Creek
jumped from less than 5,000 peoplein 1978 to over 22,000 residentsin lessthan ten years. By 1995,
Deafield Beach condsted of more than 51,000 residents and Cord Springs grew by approximately
50% from 1987 to 1995 to reach nearly 96,000 resdents. During thefirst five years of the 1990s, the
growth of Coconut Creek dowed to a 1995 population of just over 27,149 resdents. Parkland
remaned sgnificantly less popul ated with lessthan 2,000 residents during the 1980s, and by 1995 had
reached only 2,500 residents (Broward County Planning Council 1995).

Thisrapid popul ation growth wasreflected in theland use changesin thebasin. For example, by 1989,
nearly 60% of the City of Deerfiddd Beach conssted of sngle and multi-family residences, while
commercid and industria uses comprised 18% of the area. Only approximately 10% of the city
remained vacant or undeveloped, and agriculture made up less than 1% of the city’s land use. In
comparison, the western city of Parkland had much less resdentia development totaling 23% of the
city’ stotd acreage. Themgority of the remaining land usesinclude vacant land (60%) and agricultura
uses (13%), with no sgnificant commercid or industria use (Broward County Planning Council 1995).

Site-specific land use dong the Hillshoro shoreline includes two golf courses, resdential homes, and
some remnant agricultura lands (Figurelll.2). The PAm Beach County shordinewithinthestudy area
isresdentid (houses and condominiums) with one golf course in close proximity to the cand.

3. Wagtewater Treatment Plants Discharge History

Two wastewater treatment plants (WWTP) discharged into the Hillsboro Canal. However, both
WWTPs were characterized by relatively low daily flow rates (< 0.020 million galons per day). The
Hillsboro Mobile Home Park ceased discharges at the end of 1984 (BCEQCB 1985). By the end of
1986, the El Rancho WWTP stopped discharges to an irrigation ditch that was connected to the
Hillsboro Canal (BCEQCB 1987).



4. Other Influences on Water Quality
a. Soils

The soil types within the Hillsboro Cana Basin are varied (see Section |, Figure 1.5). The western
edge contains poorly drained, deep muck soils of the Everglades-L oxahatchee Association. The
central area of the basin is predominantly poorly drained, sandy soils with underlying limestone. The
eastern portion of the basin contains poorly drained, acidic sands, as well as areas of excessvely
drained sands near the coast. The soilsin the eastern portion of the basin are only dightly limiting to
congtruction which contributed to the earlier development of this area. The soilsinthe western half of
the basin are severdy limiting to development (Reynolds, Smith and Hills Inc., 1972). In order to
prevent flooding of the development in the western portion of the basin, additional drainage or
increased land elevation has been necessary.

b. Roadways

Threemajor north-south oriented roads crossthe Hillshorowaterway (State Road 7, FHlorida Turnpike,
and Powerline Road). Thus, sormwater outfalls directly associated with transportation are not as
abundant rel ativeto other Broward waterways. However, the Broward County’ sside of theHillsboro
Bagn, is characterized by an abundance of outfals that drain a variety of land uses (resdentid,
commercid, and transportation). Information on the Palm Beach sidewas not obtained for thisstudy.
However, the E-1 Cand isimmediately pardle to State Road 7 and potentidly hasrunoff associated
with this mgor roadway and its connections.

C. Septic Tanks

Most of the eastern half of the Hillsboro Basin is connected to public sewer systems based on 21993
BCDPEP survey and subsequent Geographical Information System (GIS) Coverage
(http://Amww.broward.org/moi 00600.htm). However, Broward's western portion of the basin is
characterized by severd areas without public sewer service. Thisincludes resdentid homes around
State Road 7 to Lyons Road. The lack of public sewer service area can be used to infer septic tank
coverage. Septic tank information for PAlm Beach County was not determined for this study.

5. Sampling L ocations

All water quality sampling Sites are located in freshwater without tida influence (Figure[11.2). Globa
Pogition System coordinates and specific Ste descriptions are given in Appendix 1. Site 2 islocated
immediately west (~100 feet) of the G-56 and represents the find discharge point into the brackish
regions of the canad. Located a the State Road 7 bridge, Site 3 is the central mogt site. Site4 isin
Pam Beach County at the bridge to Southeast Growers Association and isimmediately east of the S-
39 control gtructure. Site4 primarily represents water quaity discharged to the Hillsboro Cand from
the L-39 and L-40. TableIl1.2 describes the years of collection for each parameter at each Site.
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Tablel11.2. Sampling Y ears for Specific Parameters at the Hillsboro Canal Locations. A sampling
year had at |east one sample event during that year. Note the biochemical demand was afive-day
test from 1973 until 1981 when a seven-day test was implemented until 1993 after which sampling
for the parameter ceased at BCDPEP.

Par ameter Site2 Site 3 Site4
Temperature 73-97 73-97 73,74, 78-97
pH 7397 73-97 73,74, 78-97
Specific Conductance 81-97 81-97 81-97
Dissolved Oxygen 7397 73-97 73,74, 78-97
Biochemical Oxygen Demand 7393 7393 73,74, 78-93
Total Organic Carbon 81-97 81-97 81-97
Turbidity 7597 7597 7897
Total Phosphorus 74-97 74-97 78-97
Ammonia-Nitrogen 81-97 81-97 81-97
Nitrite+Nitrate-Nitrogen 81-97 81-97 81-97
Total Kjeldahl Nitrogen 81-97 81-97 81-97
Fecal Coliform 7397 73-97 73,74, 78-97
Total Coliform 7397 7397 73,74, 78-97
Fecal Streptoccocus 76-97 7697 7897
6. Results

a. Physical Characteristics

Average water temperatureswererdatively smilar anong dl threestes(Tablelll.3) rangingfrom 25.1
+ 3.6 degrees Celsius (°C, Site 2) to 25.4 £ 3.9°C (Site 4). The overal range was 15.0 to 33.8°C
throughout the cand. The cand’s pH levels were dso smilar between dl stes and showed little
variahility (Table 111.3). Means and medianswere at or near 7.5 at dl three Stes. Over twenty-five
years, the lowest mean Hillsboro Cand pH vaue was 6.6 (Site 2 and 4) and the maximum was 8.6
(Site 4).

Specific conductance vaues generdly decreased from west (Site 4) to east (Site 2, Table111.3). For

example, Site 4 mean specific conductance was 898 + 262 Fmhos/cm compared to 766 + 190
Fmhos'cm and 712 + 142 Fmhos/cm at Sites 3 and 2, respectively.
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Table 111.3. Descriptive Statistics for Temperature (Temp; °C= degrees Celsius), pH, and Specific
Conductance (Cond; Fmhos = micromhos/centimeter @ 25 °C) in the Hillsboro Canal Basin. If asample
was below the method detection limit (MDL), half of theMDL valuewas used in the calculation. Number
of samples below the method detection limit is shown in the last column (# MDL).

Site |Parameter | unit n Median Mean SD Max Min #
MDL

2 Temp °C 362 26.0 252 35 320 15.0
3 Temp °C 157 26.0 251 36 31.8 16.0 0
4 Temp °C 107 265 254 39 338 15.0 0
2 pH units 366 7.4 7.5 0.3 8.5 6.6 0
3 pH units 158 74 75 0.3 84 6.8 0
4 pH units 108 75 75 03 8.6 6.6 0
2 Cond |Fmhos| 284 710 712 142 1360 290 0
3 Cond |Fmhos| 67 739 767 190 1260 210 0
4 Cond |Fmhos| 67 956 898 262 1460 336 0

b. Total Organic Carbon and Turbidity

All three sites were characterized by tota organic carbon (TOC) concentrations above 20.0 mg/l
(Tablelll.4). Ste 4 had the highest mean and median TOC content and val ues decreased asmoving
east which is downstream based on normal flow patterns (Cooper and Lane 1987). However, Site
2 did have the maximum vaue (71.8 mg/l) observed in the cand.

Turbidity levelswererddivey smilar throughout the basin and normally within compliance of thewater
quaity standard of 10.0 nephdometric turbidity units (ntus, Broward County 2000, Table I11.4). In
fact, mean and median vaues never exceeded 3.0 ntus a any of the Stes An anomaous maximum
vaue (52 ntus) was observed at Site 2.

Table 111.4. Descriptive Statistics for Total Organic Carbon (TOC) Concentrations and Turbidity (Turb)
Levelsinthe Hillshoro Canal Basin. If asample was below the method detection limit (MDL), half of the
MDL value was usedinthecal culation. Thenumber of samplesbel ow the method detection limitisshown
inthelast column (# MDL).

Site |Parameter | unit n Median Mean SD Max Min #
MDL
2 TOC mg/| 257 22.80 24.17 6.89 71.80 13.20 0
3 TOC mg/| 61 2550 26.53 6.94 43.70 13.10 0
4 TOC mg/| 61 28.70 29.66 8.68 60.60 7.00 0
2 Turb ntu 342 17 24 3.7 52.0 0.6 0
3 Turb ntu 130 17 19 0.9 5.8 0.6 0
4 Turb ntu a1 15 19 10 6.1 0.7 0
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c. Dissolved Oxygen and Biochemical Oxygen Demand

Site 2 exhibited the highest mean and median dissolved oxygen vaues for the entire period (1973-
1997, Table 111.5). Sites 3 and 4 had reatively smilar mean and median dissolved oxygen (DO)
concentrations that were typicaly out of compliance with (i.e., below) the standard (sngle sample) of
4.0 mg/l. Conversdaly, mean and median biochemical oxygen demand (BOD) valueswere at or below
25 mg/l a dl three Steswhich is hdf of the 5.0 mg/l sandard (i.e., within compliance; Table 111.5).

Table I11.5. Descriptive Statistics for Dissolved Oxygen (DO) and Biochemical Oxygen Demand
Concentrations (BOD) in the Hillsboro Canal Basin. |f a sample was below the method detection limit
(MDL), half of the MDL value was used in the calculations. The number of samples below the method
detection limit is shown in the last column (# MDL).

Site | Parameter | unit n Median Mean SD Max Min #
MDL
2 DO mg/| 363 43 43 19 115 0.025 1
3 DO mg/| 157 25 2.8 18 85 0.025 3
4 DO mg/| 107 25 29 21 74 0.025 2
2 BOD mg/| 340 20 25 2.8 46.5 0.2 0
3 BOD mg/| 130 2.0 2.0 0.7 4.0 0.9 0
4 BOD mg/| 82 2.3 2.4 0.9 6.0 0.9 0

Y early averages (Figurel11.3) had similar compliance characteristics as means cal cul ated for thewhole
study period (Table111.5). Mean dissolved oxygen content a Sites 3 and 4 were normally below the
sngle sample dissolved oxygen standard (4.0 mg/l) while Site 2's annud averages were above the
standard most of the sampling period. Clear long term trends were not evident but annua variability
was occasondly high at dl gtes.

To better understand compliance patterns within the cand, each DO reading was given arating based
on Broward County’ s water quality standards. DO concentrations were designated as poor (below
the single sample standard; 4.0 mg/l), fair (above the single sample standard but below the daily
average standard of 5.0 mg/l), and good (above both standards, Figurell1.4). In addition, the changes
over time are presented with specid reference to the closing of WWTPswithin the basin (see Section
I11.E.3).

Some improvements were observed after WWTP discharges ceased but DO levels ill rated poor
around 60.0% of the time at Sites 3 and 4 (1987-1997, Figure 111.4). In addition, the percentage of
good samples at Sites 3 and 4 never exceeded 30.0%. While Site 2 exhibited the cand’s highest
compliance levels, over one third (38.6%) of DO readings between 1987-1997 rated poor.

Seasond influences on DO concentrations were investigated by pooling wet (June through October)
and dry (November through May) season samplesfrom 1989-1997 (Figurelll.5). Thiserarepresents
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Figurelll.3. Annua Mean Dissolved Oxygen (DO) Content Within the Hillsboro Canal Basin from 1973 to 1997. Means and standard
deviations (error bars) calculated from bi-weekly, monthly, and/or quarterly sampling with number of samples (n) for each year noted on
upper x-axis. To be within compliance of county environmenta regulations, DO levels should be above the Broward County standard
(4.0 mg/l) indicated by the dashed line.
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FigureIl11.4. Dissolved Oxygen (DO) Concentrations Observed in the Hillsboro Canal Basin over Three Time Periods. Concentrations are categorized
in terms of compliance with the Broward County standards which state the daily average shall not be less than 5.0 mg/l and no single reading shall be
below 4.0 mg/l. Thus, al concentrations greater than or equal to 5.0 mg/l are classified as good and DO concentrations between 4.0 to 4.9 mg/l are
considered fair. Readings below 4.0 mg/| are defined as poor.

a) Site4
1973-1979 (n=33) 1980-1986 (n=31) 1987-97 (n=43)
20.0% 16.2 % 30.0%
60.0 %
0
70.0 % 3.2 % 80.6 %
10.0%
10.0 %
%
b) Site 3
1973-1979 (n=74) -m 1980-1986 (n=31) ‘m 1987-97 (n=44)
54 % 12.9 % 20.5%

10.8 %
’ 83.8 % 71.0 %
16.1%
181 %




Figurelll.4 (Cont.). Dissolved Oxygen (DO) Concentrations Observed in the Hillsboro Canal Basin over Three Time Periods. Concentrations are
categorized in terms of compliance with the Broward County standards which state the daily average shall not be less than 5.0 mg/I and no single
reading shall be below 4.0 mg/l. Thus, al concentrations greater than or equal to 5.0 mg/l are classified as good and DO concentrations between
4.0to 4.9 mg/l are considered fair. Readings below 4.0 mg/l are defined as poor.
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Figure111.5. Hillsboro Canal Basin Dissolved Oxygen (DO) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989 thru
1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January and April. The
number of samples (n) over the nine year period is shown on the upper x-axis. Statistically significant differences between wet and dry season means
were observed at Sites 2 and 4 (p < 0.001 and 0.050, respectively; t-test) but not Site 3.
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the period without direct WWTP influence throughout the county. Higher dissolved oxygen vaues
were normally observed during the dry season then during the wet season at dl sites (Figure 111.5).
Satigticaly sgnificant seasond differences were observed a Site 2 (t-test, p < 0.001) and Site 4 (t-
test, p<0.05) but not Site 3. The power of the performed testsat Sites 2, 3, and 4 was 0.995, 0.156,
and 0.488, respectively. Thus, power values at Sites 3 and 4 were below the desired power of 0.800
and results should be viewed cautioudy.

d. Total Phosphorus

All three stes exhibited twenty-four year (1974-1997) meantota phosphorus (TP) levels above the
Broward County freshwater sandard of 0.020 mg/l (Tablelll.6). Inparticular, mean TPlevelsat Sites
2 and 3 were dmog eight timesthe standard.  Variability around the mean was rdaively high & all
stes. However, the twenty-four year median TP values were aso enhanced at Sites 2 and 3 (0.116
mg/l and 0.092 mg/l, respectively). Notably, reatively few samples within the entire waterway were
below the method detection limit.

Table 111.6. Descriptive Statistics for Total Phosphorus (TP) Concentrationsin the Hillsboro Canal Basin.
If a sample was below the method detection limit (MDL), half of the MDL value was used in the
calculations. The number of samples below the method detection limit is shown in the last column ( #
MDL).

Site |Parameter | unit n Median Mean SD Max Min #
MDL

2 TP mg/| 343 0.116 0.155 0.204 2520 0.010 1

3 TP mg/| 134 0.092 0.155 0.350 3.690 0.010 10

4 TP mg/| 87 0.041 0.071 0.170 1.580 0.010 14

Enhanced TP level swere observed annudly in the central and eastern portions of thebasin (Sites2 and
3) and to alesser extent at the western Site 4 (Figure 111.6).  Sites 2 and 3 TP concentrations were
characterized by adight cyclic pattern of threeto Six years. In addition, extremdy high and variable
TP vaues a Sites 2 and 3 occurred before 1984, however, TP content after 1984 ill greatly
exceeded the freshwater standard (0.020 mg/l). At Site 4, annual mean values before 1989 only
exceeded 0.060 mg/l (3 timesthe standard) once (1981) but from 1989-1997 thisoccurred fivetimes
(Figurell11.6).

To further investigate compliance patterns within the cand, dl individua samples were rated in terms
of Broward County’s TP standard (0.020 mg/l). Tota phosphorus concentrations were designated
poor if they werethreetimesthe Broward County freshwater standard (0.060 mg/l). A fair desgnation
wasgiven for vauesbetween 0.021 and 0.059 mg/l and agood rating was defined as TP content equal
to or less than 0.020 mg/l. In addition, changes over time are presented with specia reference to the
closing of WWTPswithin the basin (see section 111.E.3).

For al sampling events, compliance levels with the Broward County freshwater TP standard (0.020
mgl) weretypicaly low, especidly a Sites2 and 3 (Figurelll.7). Interestingly, dl steshad the highest
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FigureI11.6. Annual Mean Total Phosphorus (TP) Levels Within the Hillsboro Cana Basin from 1974 to 1997. Means and standard deviations (error bars)
calculated from biweekly, monthly, and/or quarterly samples with the number of samples (n) noted on the upper x-axis. The Broward County single sample
standard (0.020 mg/l) is indicated by the dashed line. Numbersin parentheses represent standard deviation outside range of graph. Note differencein y-axis
scale compared to TP valuesin other basins.
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Figurelll.7. Total Phosphorus (TP) Concentrations Observed in the Hillsboro Canal Basin over Three Time Periods. Concentrations are
categorized in terms of compliance with the Broward County freshwater TP standard of 0.020 mg/I. The percentage of samples below
0.020 mg/l are classified asgood. A fair rating was given to concentrations between 0.021 mg/l to 0.060 mg/l. Vaues equal to or greater
than three times the standard (i.e., 0.060 mg/l) are classified as poor.
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Figurelll.7 (Cont.). Total Phosphorus (TP) Concentrations Observed in the Hillsboro Cana Basin over Three Time Periods. Concentrations are
categorized in terms of compliance with the Broward County freshwater TP standard of 0.020 mg/l. The percentage of samples below 0.020 mg/I
are classified as good. A fair rating was given to concentrations between 0.021 mg/l to 0.060 mg/l. Vauesequal to or greater than three timesthe

standard (i.e., 0.060 mg/l) are classified as poor.
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compliance percentages (i.e., good samples) during 1974-1979 and the poorest TP levels were
normally seen from 1987-1997. For example, at Sites2 and 3, apoor rating was observed in 81.5%
and 80.0%, respectively between 1987 and 1997. Site 4 had a much lower percentage of poor
samples (36.6%) than sites 2 and 3 during 1987 until 1997, but only 12.2 % rated good.

Seasona analyses were performed for TP concentrations between 1989-1997. Wet season TP
concentrations were higher than dry season values at Sites 2 and 3 but not at Site 4 from 1989-97
(Figurell1.8). Smilarly, datigicaly sgnificant differences were observed at Site 3 (t-test, p < 0.05)
and Site 2 (Mann-Whitney Rank Sum Test, p < 0.01) but not Site4. The power of the performed test
at Site 3 (0.458) was below the desired power (0.800) and results should be viewed cautioudy. At
dl three sites, the median, 25" and 75" percentile TP va ueswere abovethe Broward County standard
of 0.020 mg/l during both seasons (Figure 111.8).

e. Nitrogen

Tota nitrogen (TN) levels are caculated as the sum of the total Kjeldahl nitrogen (TKN) and
nitritet+nitrate-nitrogen (NO,+NO3) concentrations. Mean and median TN va uesgenerally decreased
from west (Site 4) to east (Site 2). Y et, mean and median TN concentrationswere above (i.e., out of
compliance) the Broward County freshwater standard (1.500 mg/l) at dl Hillsboro Cand steswith the
exception of Site 2's median vaue (1.485 mg/l, Tablell1.7).

Typicdly, the mgority of the TN (> 85%) was comprised of TKN which measures the total amount
of organic nitrogen and ammonia-nitrogen (NHs, Table 111.7). Aswith TN values, TKN and NH;
decreased from west to east. Mean NO,+NO; concentrations were rdaively smilar a dl three Stes
but a dight east to west increase in mean and median content was observed between Sites.



Figure 111.8. Hillsboro Canal Basin Total Phosphorus (TP) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989 thru
1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January and April. The
number of samples (n) over nine yearsis shown on the upper x-axis. Statistically significant differences between wet and dry season means were

observed at Sites 2 (p < 0.01, Mann-Whitney Rank Sum Test) and 3 (p < 0.05, t-test) but not Site 4.
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Table111.7. Descriptive Statisticsfor Nitrite+Nitrate-Nitrogen (NO,+NO;), Ammonia-Nitrogen (NH,), Total
Kjeldahl Nitrogen (TKN), and Total Nitrogen (TN) ConcentrationsintheHillsboro Canal Basin. If asample
was below the method detection limit (MDL), half of the MDL value was used in the calculation. The
number of samples below the method detection limit is shown in the last column (# MDL). TN was
calculated as the sum of TKN and NO,+NO,.

Site | Parameter | unit n Median Mean SD Max Min #
MDL
2 | NO,+NO. | mg/l 283 0.164 0.196 0.190 1.350 0.005 27
3 | NO+NO, | mg/l 66 0.120 0.194 0.220 1.080 0.005 2
4 | NO,+NO; | mgl/l 66 0.086 0.169 0.216 0.977 0.005 6
2 NH, mg/! 260 0.053 0.091 0.125 1.070 0.005 98
3 NH, mg/I 60 0.082 0.127 0.135 0.736 0.005 10
4 NH, mg/I 61 0.253 0.276 0.245 1050 0.005 11
2 TKN mg/| 278 1.300 1.347 0.540 7.910 0.025 1
3 TKN mg/I 64 1.500 1543 0.417 2.870 0.810 0
4 TKN mg/| 64 1.965 1.960 0.462 3.130 1.060 0
2 TN mg/! 278 1.485 1.545 0.575 7.920 0110 | N/A
3 TN mg/I 64 1.620 1742 0.541 3.590 0990 | N/A
4 TN ma/l 64 2.165 2.130 0.569 3.690 1070 | N/A

Annua TN averages did not exhibit mgor trends with time, athough the minimum vauesfor al three
Stes appeared in 1988 (Figure 111.9). The maximum values for dl three stes bracketed 1988,
occurring in 1987, 1989 or 1990. In twelve of the eighteen years, the annua mean exceeded 2.000
mg/l a Site 4 which is 0.500 mg/l above the standard. Conversdly, an annua val ue above 2.000 mg/l
was only observed twice a Site 3 and never at Site 2.

To better understand compliance patterns within the canal, each TN sample was given arating based
onBroward County’ swater qudity standards. Total nitrogen concentrationswere designated as poor
if they were over 2.500 mg/l which is 1.000 mg/l over the Broward County standard of 1.500 mg/I.
A far designation was given for vaues between 1.501 and 2.500 mg/l. A good designation for TN
vaueswasdesignated aslessthan or equa to 1.500 mg/l. In addition, changesover time are presented
with specid reference to the closing of WWTPs within the basin (see section 111.E.3).

Site 4 had the highest percentage of poor samplesin the canal, especialy from 1987 to 1992 (Figure
[11.10). Furthermore, compliance (i.e., good samples) levels were only at 21.1% from 1993-1997.
Site 3 exhibited an improvement in good TN samplesthrough time going from 26.1% (1981-1986) to
52.6% (1993-1997, Figurelll.10b). Although Site 2, had asmall percentage (< 5%) of poor samples
throughout the study, the 1993 to 1997 period realized a decrease of 17% in good samples from the
1989 to 1992 time frame.

37



Figure111.9. Annual Mean Tota Nitrogen (TN) Levels Within the Hillsboro Canal Basin from 1981 to 1997. Means and standard deviations (error

bars) calculated from bi-weekly, monthl
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FigureI11.10. Total Nitrogen (TN) Concentrations Observed in the Hillsboro Canal Basin over Three Time Periods. Vaues are categorized in terms
of compliance with the Broward County TN standard of 1.500 mg/I. The percentage of samples equal to or below 1.500 mg/| are classified as good.
A fair rating was given to concentrations between 1.501 mg/I to 2.500 mg/l. Values greater than 2.500 mg/| are classified as poor.
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Figure111.10 (Cont.). Total Nitrogen (TN) Concentrations Observed in the Hillsboro Canal Basin over Three Time Periods. Values are categorized
in terms of compliance with the Broward County TN standard of 1.500 mg/l. The percentage of samples equal to or below 1.500 mg/l are classified
asgood. A fair rating was given to concentrations between 1.501 mg/l to 2.500 mg/l. Values greater than 2.500 mg/| are classified as poor.
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Between 1989-1997, a datistical difference between wet and dry season TN content was only
observed at Site 4 (t-test, p < 0.05) athough the power of the test (0.457) was below the desired
power (0.800) and findings should be viewed cautioudy (Figure 111.11). Furthermore, Site 4's wet
season median value (2.185 mg/l) and 25" to 75" were well above Broward County’s compliance
standard (i.e,, 1.5 mg/l). Farther ‘downstream’, Site 3's TN vaues for both seasons were smilar to
Site 2'swith the exception of Site 3's wet season median being greater than 1.500 mg/l.

f. Bacteriological Parameters

Meanfeca coliform (FC), tota coliform (TC), and fecd streptococcus (FS) weretypically higher than
medians (Table 111.8), however, bacteriologica mean values are often skewed by outstanding high
vaues (BCDNRP 1994). The high standard deviations and large differences between maximum and
minimum values attest to the occurrence of this pattern.

Based on the Broward County FC standard of 800 colonies/2100 ml and the TC standard of 2,400
colonies/100 ml (both single samples), the Hillshoro Cana was characterized by low median bacteria
levels (Table 111.8) over the previous twenty-five years. The maximum bacteriological concentrations
were high but median va ues indicate enhanced vaues were rare.

Tablel11.8. Descriptive Statisticsfor Fecal Coliform (FC), Total Coliform (TC), and Fecal Streptococcus(FS)
in the Hillsboro Canal Basin. If a sample was below the method detection limit (MDL), half of the MDL
valuewas used in the calculation. The number of samples below the method detection limit is shown in
thelast column (# MDL) and the unit of measurement is colonies/100 ml (col).

Site |Parameter | unit n Median Mean SD Max Min |#MDL
2 FC col 359 40 149 610 9200 2 35
3 FC col 149 62 218 871 9800 5 3
4 FC col 100 40 275 1507 14800 5 10
2 TC col 363 340 852 3124 50000 5 7
3 TC col 157 460 1402 4254 40000 30 0
4 TC col 108 335 1384 3774 30000 30 0
2 FS col 335 130 547 2066 27000 10 39
3 FS col 123 220 968 3138 23000 165 1
4 ES col a1 170 483 959 7300 12 8

Dueto the large amount of variability around the mean, yearly box plots were plotted for FC instead
of the mean (Figure 111.12). For example, three 1995 fecd coliform sampleswere obtained at Site 2.
The results were 30, 50, and 4,200 colonies/200 ml which resulted in a mean of 1,427 + 2,402
colonies/200 ml but yielded amedian of 50 colonies/100 ml.
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Figure111.11. Hillsboro Canal Basin Total Nitrogen (TN) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989 thru
1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January and April.
The number of samples (n) over nine yearsis shown on the upper x-axis. A statistically significant difference was observed between wet and dry

season means (p < 0.050, t-test) at Site 4 but not Sites 2 and 3.
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Caigure [11.12. Annual Box Plots of Fecal Coliform (FC) Levelswithin the Hillsboro Canal Basin from 1973 to 1997. Medians and percentiles
ulated from monthly and quarterly samples with the number of samples (n) noted on the upper axis. The Broward County single sample
standard (800 colonies/100 ml) isindicated by the dashed line. Numbersin parentheses represent 75th percentile values that extend beyond

the y-axis scale.
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Y early median vaues were below the single sample stlandard (800 colonies/100 ml) at al stesduring
dl years (Figurelll.12). Occasiond high (> 800 colonies/100 ml) feca coliform concentrations were
observed at more than one site in 1974, 1990, and 1995. From 1995-1997, Site 3 exhibited higher
annud vaues than typicaly seen in the preceding years.

To better investigate compliance patterns within the cand, each specific sample was given a rating
based on three different Broward County water quaity stlandards. Monthly FC averages should be
equal to or lessthan 200 colonies/200 ml and ten percent of all samples should be equa to or lessthan
400 colonies/100 ml. In addition, any single sample should be equd to or below 800 colonies/100 ml.

For thisstudy, agood rating was given to any sample equd to or lessthan 200 colonies/100 ml. A far
designation was given to feca coliform vaues between 201 and 800 colonies/100 ml. Samples that
were greater than 800 colonies/100 ml were classfied aspoor. In addition, the changesover timeare
presented with specia reference to the closing of WWTPs within the basin (see Section 111.E.3).

Only Site 3 had an overdl decrease through time in good ratings, however, 81.0% of the forty-two
samples between 1987 and 1997 ill rated good (Figure 111.13). Furthermore, dl Sites were
characterized by a poor rating below 10.0%.

Higher FC concentrations from 1989-1997 typically occurred in the wet season than the dry season
(Fgurelll.14). Statigticaly sgnificant differenceswere observed a Sites 2, 3, and 4 (Mann-Whitney
Rank Sum Test; p < 0.001, 0.05, and 0.01, respectively). Notably, only the 90" percentilewet season
vaues were above the Broward County standard (800 colonies/100 ml) at dl stes.

7. Basn Summary

Exiging within two counties, the Hillsboro Basin hasnumerousleves of governing entitiesthat influence
different hydrologicd sectionsof the cand, aswell asdevelopmenta practices. Furthermore, thewater
quality monitoring Steswithin thisstudy cover rdatively long distances (> 4.5 miles) and in some cases
have uniquesurrounding land uses. Thefollowing will discussthe differencesand/or amilaritiesin weater
qudity of this large and complex basin, particularly in terms of the west to east orientation (Site 4
towards Site 2). Additiondly, impacts of WWTPs and seasond effects will be consdered. Findly,
questions about the cand and basin brought forth by thisinitid dataandysis effort are listed to support
future monitoring and resource planning.

a. Influence of WWTP Discharges

Under norma Hillsboro Cand flow conditions of west to east, Site 4 was primarily out of the
geographicd influence of WWTPs. Thus, Sites 2 and 3 were the main areas expected to have changes
in water quaity associated with WWTP closures. However, the hating of WWTP discharges on the
Hillshoro Cand generdly did not influence the water quality observations. Only a Site 2, where the
percentage of poor DO samples dropped under fifty percent, were there any indications of water
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FigureI11.13. Feca Coliform (FC) Concentrations Observed in the Hillsboro Canal Basin over Three Time Periods. Concentrations are
categorized in terms of compliance with the Broward County FC standards which state the monthly average shall be equal to or less than
200 colonies/200 ml (good rating) and no single reading shall be above 800 colonies/100 ml (poor rating). Values between 201 and 800

colonies/100 ml are defined asfair.
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Figure I11.13 (Cont.). Fecal Coliform (FC) Concentrations Observed in the Hillsboro Canal Basin over Three Time Periods. Concentrations
are categorized in terms of compliance with the Broward County FC standards which state the monthly average shall be equal to or less

than 200 colonies/100 ml (good rating) and no single reading shall be above 800 colonies/100 ml (poor rating). Vaues between 201 and 800
colonies/100 ml are defined asfair.
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Figurelll1.14. Hillsboro Canal Basin Fecal Coliform (FC) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989 thru
1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January and April.
The number of samples (n) over nine years is shown on the upper x-axis. Statistically significant differences between wet and dry season
medians were observed at Sites 2, 3, and 4 (p < 0.001, 0.05, 0.01, respectively; Mann-Whitney Rank Sum Test).
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improvement seen post-WWTPs. Still, poor sampleswere seen dmost forty percent of thetimeat Site
2.

The rlaively low daily flow rates (< 0.020 million gallons per day) for the WWTPs located on the
Hillsboro Cand may explain why noticeable changeswere not observed post- and predischargeyears.
Furthermore, surrounding land uses combined with water management inflows may have masked any
relationship before and after the WWTPs closed.

b. Basnwide Water Quality Characteristics (Post-WWTPs)

Overdl, the Hillshoro Cand exhibits poor water quaity based primarily on nutrient content. Situated
gpproximately 10 miles (6.25 kilometers) from each other, Sites 2 and 4 generdly exhibited different
water quaity characteristics. However, each sitea so had impaired water qudity conditions. Themain
differences were which nutrient (TP or TN) was enhanced and in overal DO content. Asthe centra
location, Ste 3'swater quality reflected Site 4 for some parameters (e.g., DO) whilefor others (eg.,
TP), the dte resembled Site 2.

Leves of TN in the cand were dmost dways highest a Site 4 where annua means, with one
exception, dways exceeded the standard of 1.500 mg/l. Ambient TN concentrations suggest levels
decrease with movement of water east of the S-39 towards Site 3 and then further east to G-56 (i.e.,
Site 2). This pattern is seen more prominently in the nineties when WWTP discharges were not
occurring in the cand. Water entering the waterway from the WCAS potentialy reflects TN export
from anatura area (Loxahatchee Naturd Preserve). Highlevelsof TOCsaso would bereflective of
plant decomposition inthe WCA such asLoxahatchee preserve. Thisiscongstent withthehighest 17-
year mean (28.70 mg/l) TOC concentrations in the Hillsboro Canal being observed at Site 4 and then
decreasing as moving downstream. Seepage water fromthe WCA isadso typically low in DO values.
Low DO levels are consstent throughout the cand, but more readily observed in the western and
centra areas. Thus, the concentrations of four congtituents (TN, TP, TOC, and DO) reflect the mgjor
westernsource of water totheHillsboro. By thetimewater reaches State Road 7, basin specificinputs
begin to influence the cand’ swater qudity, in particular for TP.

Levedsof TP a Site 4 were the lowest in the cand dthough compliance levels were il low (12.2%)
through 1987-1997 (Figure I11.7). However, Site 4's poor ranked ($ 0.060) samples (36.6%) were
low compared to further east in the cand (Sites 3 and 2) where poor ranked samples were observed
80.0% of the time. The presence of a mgor secondary cand (Lake Worth Didtrict’s E-1) at State
Road 7 (i.e., Site 3) likely influences TP concentrations. 1n addition, the combination of threeland uses
(agriculture, golf courses and highly maintained residentid lawvns) in the areaare likely contributing to
TP levels observed at Sites 2 and 3.

c. Seasonal Differences

Temperature may explain the lower DO vaues observed in the wet versus the dry season at Site 2.
However, the extremely low wet season levels a Site 4 highly suggest an influence of seepage water
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from the WCAs. The higher wet season TP vaues a Sites 2 and 3 may suggest more scormwater
and/or secondary/tertiary cand inputs. Nonetheless, dry season vaues were aso well above the
gandard of 0.020 mg/l and suggest ardatively high influx of TP occurs throughout the year.

A TN source appearsto exist at Site 4 which gppearsto have amaximum effect during the wet season.
Thisislikely dueto higher volumes of WCA seepage water, particularly from Loxahatchee Preserve
being discharged to the Hillsboro Cand. From thisinitid analyss, in stream TN decreasesasmoving
eastward suggesting the main source existsin thewesternmost areas of thebasin. Fecal coliformvaues
inthe wet season were Sgnificantly higher than dry season concentrations a al Stesand likely reflects
the influence of sormwater. It should be noted FC median vauesfor the 1989-1997 period werewdll
within compliance levels.

d. Future Monitoring Questions

A god of this report is to develop Strategic guidelines for future Broward County water quality
monitoring and management. To facilitate this, questions generated by this study’ s findings are being
compiled for each basn. For the Hillsboro Basn, severd questions revolve around nutrient
concentrations and their potentia fate and transport. Furthermore, the hydrology of the northern
portion of the basin, in PAm Beach County, needsto be combined with the information from Broward
County (see BCDNRP 1998) for a comprehensive picture of the entire basin.

< What isthe source of TN to the westernmost Site 4 and why do levels decrease towardsthe
east?

<  Why are high (> 0.100 mg/l) TP levels observed more frequently a Sites 3 (centra) and 2
(eastern) but not Site 4 (western areas)?

< What is the water quality of the WCAs and Lake Worth Drainage Didtrict (Pdm Beach
County) which eventudly drain to the Hilldooro Cand?

< Degpite different nutrient digtribution (TN versus TP), why were dissolved oxygen patterns
different between the western and eastern segments of the waterway?

< Are the excess nutrients in the water column affecting the water column biology (primarily
phytoplankton) and/or macrophytes?
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F.C-14 Cana
1. Basn and Canal Structure

The C-14 Cand Basinislocated in northern Broward County and is one of the larger basinswith an
area of fifty-ninemi? (Cooper and Lane 1987). The basin is divided between awestern (twenty-five
mi?) and an eastern (thirty-four mi%) sub-basin at State Road 7 (Figure111.15). The headwatersto the
western sub-basin include the L-35B Cand which can bring excess water from Water Conservation
Area (WCA) 2 east through the S-38 (Cooper and Lane 1987). In addition, seepage water from
WCA 2 is captured by the L-36 Cana which is oriented in anorth-south direction at the western end
of the C-14 Basin. Seepage water in the L-36 south of S-38B (border to Hillsboro Cana Basin)
enters the C-14 Cand during certain periods of the year viathe S-38A. During some hydrologica
conditions, water from C-14 Basin may be pushed south into the C-13 through the S-38C.
Furthermore, water in the L-36 south of S-38C may flow to the C-13 Canal but not the C-14 Canal
(Cooper and Lane 1987).

Ovedl, the freshwater portion of the C-14 Candl is separated into two distinct segments by control
sructure S-37B. However, the headwatersof S-37B includedl of thewestern sub-basin and portions
of the eastern sub-basin. The taillwaters of S-37B are freshwater and include the remnant Cypress
Creek channel. The tailwaters of the S-37B are aso the headwaters of the S37A and discharge
through this structure to the estuarine portions of the C-14 (see Section 1V).

The SFWMD controls the mgjor water control structures based on water levelswith the WCA 2 and
various Broward urban basins. In addition, severa independent and dependent drainage digtricts, as
wel as municple sormwater entities (e.g., City of Tamarac) exist in the C-14 basin (see Section I,
Figure 1.4). The western sub-basin has the Coral Springs Improvement Didgtrict and the Sunshine
Drainage Didtrict to the north and Broward County’ s drainage jurisdiction to the south. In the center
of the western sub-basin, Broward County has jurisdiction in both the southern and northern aress.
However, Turtle Run Community Development Digtrict (CDD), Cord Bay CDD and Cypress CDD
are located in the northern areas and the North Lauderdale Water Control Didtrict dso exigtsin this
area

Inthe eastern extent of the C-14 western sub-basin, the Cocomar WCD and Broward County’ sWCD
4 arethe main drainage didtricts. Broward County’ sWCD 4 isthe main digtrict within the eastern C-
14 sub-basin, however, the southwest portion of WCD 3 aso bordersthe northern corner of thebasin.
2. Municipalitiesand Land Uses

The C-14 western basin includes the southern haf of Cord Springs and alarge portion of Tamarac
(see Section I, Figure 1.3). Theeastern C-14 basin includesthe cities of North Lauderdae, Margate,
the western haf of Pompano Beach, the southern haf of Coconut Creek, and small northwestern
sectionsof Ft. Lauderdale, Oakland Park, as well as unincorporated Broward County.

In 1970, the C-14 Cand Basin was sparsely populated, especialy the western portion of the basin.
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By the late 1970s, the population had nearly quadrupled. The city of North Lauderdae grew
sgnificantly during this period, increasing from just over 1,000 residents to over 13,000 residents.
Coral Springs, which partidly lieswithin thewestern C-14 Basin, adso experienced rapid growth. The
entire city’s population grew from approximately 1,500 in 1970 to over 26,000 residents by 1978.
Margate, in the center of the basin, increased from close to 9,000 residents to over 33,000 residents
during the 1970s. Tamarac, in the southwest area of the basin, experienced smilar growth to that of
Margeate, increasing from 5,000 residents to 27,000 residents (Broward County Planning Council
1995). The City of Pompano Beach was relatively well-populated in 1970 in comparison to other
cities, with atota of 38,000 resdents and grew by amost 50% during the 1970s.

By 1977, the land use in the basin was dominated by open land, which congtituted dmost two-thirds
of thebasin. The other Sgnificant land use was single family residentia (21%). Approximately 8% of
the basnwas used for agriculturd purposes. A sgnificant amount of cultivated crop land and improved
pasture area was located north of the C-14 cand, near the Turnpike. Commercid and industria uses
were not prevaent in the basin, comprising lessthan 3% of the area (Broward County Planning Council
1977).

During the 1980s, the population of the C-14 Cana Basin continued to grow rapidly, with much of the
growth occurring in the western areas of the basin. During this decade, the number of residents in
North Lauderdale more than doubled, and by 1995, the city’ s population stood at nearly 30,000. The
City of Cora Springs population nearly tripled during the 1980s, and reached nearly 96,000 residents
by 1995. Margate s population had increased to over 42,000 by the end of the 1980s, and by 1995
had increased dightly to just over 44,000 residents. The population of Tamarac continued to follow
closely behind Margate, reaching nearly 44,000 residentsby 1995. Pompano Beach’ sgrowth dowed
to 22% during the 1980s the population reached gpproximately 80,000 residents by 1995 (Broward
County Planning Council 1995). Thus, the land use in the C-14 Basin had dramaticaly changed to
predominantly urban uses by 1995, including both resdentia and commercid useswith very little open
areaor agricultura land remaining.

3. Wastewater Treatment Plants Discharge History

The Horida Department of Transportation wasthefirst wastewater trestment plant (WWTP) to cease
discharges (0.049 million gallons per day; mgd) into the C-14 Cana by October 1979 (BCEQCB
1978, 1979) The City of Coral Springs WWTP stopped sending emergency wastewater overflows
to the cand in May of 1981 (BCEQCB 1980, 1981). In 1983, the City of Oakland Park halted an
average daily flow of 4.1 mgd to the waterway (BQEQCB 1982, 1983). The City of North
Lauderdde used a combination of ponds and the C-14 Cana as discharge points for 3.25 mgd until
the end of 1983 (BQEQCB 1982, 1983). In February of 1985, Broward County’s District 1B
(PaAmdae) WWTP stopped pumping to a treatment lake that discharged (0.799 mgd) to the C-14
Cand (BCEQCB 1984, 1985).
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4. Other Influences on Water Quality
a. Soils

The western portion of the C-14 Cand Basin contains deep, poorly drained sandy soils as well as
some aress of muck soils (see Section |, Figure 1.5). These muck soils are severely limiting to
construction and devel opment because of the high water table and wetness of the soils. Inthe eastern
areas of the basin, thereisamixture of poorly-drained soil typeswith afew smal areas of well-drained
sandy soils. Much of thisareais only dightly to moderately limiting to development (Reynolds, Smith
and HillsInc. 1972).

b. Roadways

Numerous maor roadways crossthe C-14 Cand (seeFigurell1.15) in both sub-basins. Mgjor north-
south oriented roads include University Drive, State Road 7, Rock Idand Road, Florida Turnpike,
Powerline Road, Andrews Avenue, Interstate 95, and Dixie Highway. In addition, amgor east-west
connector road, Atlantic Boulevard is pardld to much of the waterway north of S-37B. Thus,
trangportation associated runoff can be expected through much of the waterway.

c. Septic Tanks

Almost dl of the eastern and western C-14 Basin is covered by public sewer service
(http:/Amww.broward.org/moi00600.htm). A smal area in the Western C-14 Basin exists south of
Wiles Road and north of Sample Road between Pine |dand Road and Univergity Driveisnot covered
by sewer service. Intheeastern basin, avery smal areanorth of Cypress Creek Road near Powerline
Road does not have public sewer service. Perhaps moreimportantly, al areas dong the C-14 Cand
are under public sewer service and not septic tanks.

5. Sampling L ocations and Period

Four sites cover the western and eastern C-14 basins (Appendix 1). At the OId Dixie Highway
Bridge, Site 6 is the easternmogt Ste immediately west of the S-37A structure and represents water
quality that is discharged to the brackish regions of the C-14 Cand. Site7 islocated at the South Pam
Aire Drive Bridge and is south of control structure S-37B but west of S-37A. Thus, Stes6and 7 are
in the same segment of the waterway aso caled the Cypress Creek Cand.

Hydrologicaly, sites 8 and 9 represent the same section of the western C-14 Cand (i.e., northwest of
S-37B) during norma flow condition but are physicdly in separate drainege areas of the overdl C-14
basin. Northwest of S-37B, Site 8 isin the western area of the eastern C-14 sub-basin at State Road
7. Sampling Site 9 islocated three miles west of Ste 8 at the University Drive bridge but is the only
gtewithin the western sub-basin reported in thisstudy (Figurelll.15). Tablelll.9 describestheyears
of collection for each parameter a each Ste.


http://www.broward.org/moi00600.htm

An additiond western sub-basin Site 89 exists but due to the relative time differences between it and
the other four gtes, it was not included in these andyses. It is mentioned here for informationa

purposes only.

Table 111.9. Sampling Y earsfor Specific Parameters at the C-14 Canal Locations. A sampling
year had at |east one sample event during that year. Note the biochemical oxygen demand
was afive-day test from 1973 until 1981 when a seven-day test was implemented until 1993
after which sampling for the parameter ceased at BCDPEP.

Par ameter Site6 Site7 Site8 Site9
Temperature 73-97 81-97 73-97 74-97
pH 73-97 81-97 73-97 73-97
Specific Conductance 81-97 81-97 81-97 81-97
Dissolved Oxygen 7397 81-97 7397 7397
Biological Oxygen Demand 7393 81-93 7393 7393
Total Organic Carbon 81-97 81-97 81-97 81-97
Turbidity 7597 81-97 7597 7597
Total Phosphorus 74-97 81-97 74-97 74-97
Ammonia-Nitrogen 81-97 81-97 81-97 81-97
Nitrite+Nitrate-Nitrogen 81-97 81-97 81-97 81-97
Total Kjeldahl Nitrogen 81-97 81-97 81-97 81-97
Fecal Coliform 7397 81-97 7397 7397
Total Coliform 7397 81-97 7397 7397
Fecal Streptoccocus 76-97 81-97 76-97 76-97
6. Results

a. Physical Characteristics

The C-14 Cand’ s physical characteristics (water temperature, pH, and specific conductance) were
verysmilar a al samplinglocations(Tablell1.10). Twenty-fiveyear mediantemperaturesranged from
26.0t0 26.1°C while meansranged from 25.6 to 25.9°C. Mean and median pH vdueswerebascaly
the same & dl Steswith avaue of ether 7.7 or 7.8. The westernmogt Site (9) had dightly higher
gpecific conductance recordings than Sites 6-8, however, al means and medians were below 700
Fmhos.



Table 111.10. Descriptive Statistics for Temperature (Temp; °C= degrees Celsius), pH, and Specific
Conductance (Cond; Fmhos =micromhos/centimeter @ 25°C) inthe C-14 Basin. If asamplewasbelow the
method detection limit (MDL), half of theMDL valuewas used in the calculation. The number of samples
below the method detection limit is shown in the last column (# MDL).

Site | Parameter | unit n Median Mean SD Max Min #
MDL
6 Temp °C 365 26.0 25.6 36 340 15.0 0
7 Temp °C 65 26.0 25.9 37 34.0 18.0 0
8 Temp °C 155 26.1 25.8 38 32.6 17.0 0
9 Temp °C 157 26.0 25.6 39 323 17.2 0
6 pH units | 372 7.7 7.7 0.3 8.7 6.5 0
7 pH units 67 7.7 7.7 0.3 8.3 7.0 0
8 pH units | 157 7.8 7.8 0.3 84 6.9 0
9 pH units 159 78 78 03 84 6.9 0
6 Cond |Fmhos| 288 610 664 157 1210 398 0
7 Cond _|Fmhos| 66 624 652 154 1050 360 0
8 Cond |Fmhos| 67 633 672 190 1170 365 0
9 Cond__JFmhos| 67 670 704 198 1170 357 0

b. Total Organic Carbonand Turbidity

All sites were characterized by mean and median total organic carbon (TOC) concentrations around
20.00 mg/l (Table 111.11). Maximum values for the entire period ranged from 44.90 mg/l to 63.30
mg/l. Sites8 and 9 (above S-37B) had nearly identical 18-year mean, standard deviation and median
TOC vaueswhile Sites 6 and 7 closdly reflected each other in TOC content. Currently, TOC is not
regulated under local or state water quality standards.

At dl stes, turbidity levels were typicaly low (< 5.0 nephdometric turbidity units, ntus) and normally
within compliance of Broward County’s standard of 10.0 ntus (Table I11.11). Only one maximum
vaue (15.0 ntus, Site 8) was above the standard. Site 8's mean, standard deviation, and median data
indicate this was an unusua occurrence.



Table111.11. Descriptive Statistics for Total Organic Carbon Concentrations (TOC) and Turbidity Levels
(Turb) inthe C-14 Canal Basin. |f asample was below the method detection limit (MDL), half of theMDL
value was used in the calculation. The number of samples below the method detection limit is shown in
the last column (# MDL).

Site | Parameter | unit n Median Mean SD Max Min #
MDL
6 TOC mg/| 264 18.35 21.08 8.23 63.30 3.90 0
7 TOC mg/| 61 18.70 2157 9.74 54.80 9.39 0
8 TOC mg/| 61 20.20 22.75 10.98 61.10 8.96 0
9 TOC mg/| 60 20.50 22.79 9.78 44.90 8.16 0
6 Turb ntu 354 15 17 10 9.6 0.25 1
7 Turb ntu 67 14 15 0.7 37 0.25 1
8 Turb ntu 133 20 24 17 15.0 0.25 2
9 Turb ntu 133 2.0 24 14 8.2 0.6 0

c. Dissolved Oxygen and Biochemical Oxygen Demand

M ean and median dissolved oxygen (DO) concentrations over thefull study period weredightly higher
in the western sites of the C-14 Cand (Sites 8 and 9) than in the eastern areas (Sites 6 and 7 (Table
[11.12). However, averages and medianswere above (i.e., within compliance) of the Broward County
angle sample standard of 4.0 mg/l and twenty-four hour average standard of 5.0 mg/l. Biochemica
oxygen demand was Smilar basinwide and normdly around 2.0 mg/l.

Tablell1.12. Descriptive Statistics for Dissolved Oxygen (DO) and Biochemical Oxygen Demand (BOD)
Concentrationsin the C-14 Canal Basin. |f asample was below the method detection limit (MDL), half of
the MDL value was used in the calculations. The number of samples below the method detection limitis
shown in the last column (# MDL).

Site |Parameter | unit n Median Mean SD Max Min #
MDL
6 DO mg/| 367 55 54 16 9.3 04 0
7 DO mg/| 65 5.7 55 15 8.2 2.90 0
8 DO mg/l 156 6.1 6.1 17 12.7 29 0
9 DO mg/| 158 6.4 6.1 16 10.0 0.9 0
6 BOD mg/| 351 15 17 0.9 84 0.3 0
7 BOD mg/| 48 16 20 11 54 0.8 0
8 BOD mg/| 131 20 2.1 10 6.0 0.8 0
9 BOD moy/l 132 20 2.0 0.9 5.0 04 0

Basinwide, Stesdid not exhibit an annua DO average bel ow the Broward County standard of 4.0 mg/l.
Stes 8 and 9 exhibited smilar annua DO averages (Figure 111.16), typicdly ranging from 5.5 t0 6.5
mgl. Yearly averages at Sites 6 and 7 were similar to the upper ranges of Sites 8 and 9 but were
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FigureI11.16. Mean Annual Dissolved Oxygen Content Within the C-14 Canal Basin from 1973 to 1997. Means and standard deviations
(error bars) calculated from bi-weekly, monthly, and/or quarterly sampling with number of samples (n) for each year noted on upper x-axis.
To be within compliance, DO levels should be above the Broward County standard (4.0 mg/l) indicated by the dashed line.
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characterized by more vaues between 4.5 and 5.0 mg/l.

Dissolved oxygen concentrations were designated as poor, fair, and good based on water qudity
standards (see Section I11.E.6.c). In addition, the changes over time are presented with specia
reference to the closing of WWTPs within the basin (see 111.F.3). The overdl percentage of DO
samples not achieving single sample standard (4.0 mg/l) compliance in the C-14 Cand was typicdly
below 25.0% (Figure 111.17). Sites 8 and 9 mirrored each other in their compliance ratings with a
decreasein the percentage of good DO samplesby thefinal period (1986-1997), however, theamount
of poor DO samples remained relatively low # 11.1%) throughout time. Overall, Sites 6 and 7
(below S-37B) were characterized by dightly more poor samples than Sites 8 and 9 but had smilar
good ratings.

Seasond influences on DO concentrations were investigated by grouping wet (June through October)
and dry (November through May) season samples from 1989-1997, a period without WWTP
influence. Higher dissolved oxygen vaues were normally observed during the dry season than during
the wet season (Figure [11.18). All medianswere above the Broward County standard but Sites 6 and
7 were characterized by 25" percentile values below 4.0 mg/l. Statigtically significant seasond
differences were observed at Sites 6, 7, 8, and 9 (t-test; p < 0.001, < 0.05, < 0.001, and < 0.01,
respectively). The power of the performed tests at Site 6 (0.598) and Site 9 (0.779) were below the
power of 0.800 so findings should be viewed cautioudy.

d. Total Phosphorus

M eanand median total phosphorus (TP) levelsfor the entire sampling period were above the Broward
County freshwater standard of 0.020 mg/l standard (Table111.13). Unusualy high TP maxima (> 1.5
mgll) were observed at Sites 7 and 8 that influenced their mean values. TP median vaueswere smilar
between Sites 6, 7, and 8 ranging from 0.72to 0.74 mg/l. Site 9 had the lowest median TP within the
basin.

Tablell1.13. Descriptive Statistics for Total Phosphorus (TP) Concentrationsin the C-14 Canal Basin. If

asample was bel ow the method detection limit (MDL),half of the MDL valuewas used in the calculations.
The number of samples below the method detection limit is shown in the last column (# MDL).

Site |Parameter | unit n Median Mean SD Max Min #
MDL
6 TP mg/l 358 0.072 0.094 0.077 0.670 0.010 39
7 TP mg/| 66 0.074 0.122 0.216 1.550 0.010 5
8 TP mg/| 135 0.074 0.133 0.255 2.550 0.010 17
9 TP ma/l 135 0,050 0,096 0124 0.870 0,010 28 |

Annud TP averages at dl steswere normaly much lower during 1988 to 1997 than the period from
1974101987 (Figurelll.19). Interestingly, extremely high and variable meanswere observed in 1987
at Sites 7-9. Basinwide differences were not clearly evident and only two stes (Site 6, 1995 and Site



Figurel11.17. Dissolved Oxygen (DO) Concentrations Observed in the C-14 Canal Basin over Three Time Periods. Concentrations are categorized
in terms of compliance with the Broward County standards which state the daily average shall not be less than 5.0 mg/I and no single reading shall be
below 4.0 mg/l. Thus, al concentrations greater than or equal to 5.0 mg/l are classified as good and DO concentrations between 4.0 to 4.9 mg/l are

considered fair. Readings below 4.0 mg/l are defined as poor.
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Figure111.17 (Cont.). Dissolved Oxygen (DO) Concentrations Observed in the C-14 Cana Basin over Three Time Periods. Concentrations are categorized
in terms of compliance with the Broward County standards which state the daily average shall not be less than 5.0 mg/l and no single reading shall be below
4.0mg/l. All concentrations greater than or equal to 5.0 mg/| are classified as good and DO concentrations between 4.0 to 4.9 mg/| are considered fair.

Readings below 4.0 mg/l are defined as poor.
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Figure111.18. C-14 Canal Basin Dissolved Oxygen (DO) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989
thru 1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January and
April. The number of samples (n) over the nine year period is shown on the upper x-axis. Statistically significant differences between wet
and dry season means were observed at Sites 6, 7, 8, and 9 (p < 0.001, 0.05, 0.001, and 0.01, respectively; t-test).
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Figure I11.19. Annua Mean Total Phosphorus (TP? Levels Within the C-14 Canal Basin from 1974 to 1997. Means and standard deviations (sd; error bars)
calculated from biweekly, monthly, and/or quarterly samples with the number of samples (n) per year noted on the upper x-axis. The Broward County single
sample standard (0.02 mg/l) isindicated by the dashed line. Numbersin parentheses represent mean plus sd outside range of graph.
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9, 1988) had annua means below (i.e., within compliance) of the Broward County standard (0.020
mg/l). However, annud TP means were below 0.030 mg/l over the last three years (1995-1997) at
Sites 6 and 8, and over the previousfive years at Site 9.

To better examine compliance patterns within the cand, al individud samples were rated in terms of
Broward County’s TP standard (0.020 mg/l; see Section 111.E.6.d) and are presented with special
reference to the closing of WWTPs within the basin (see Section I11.F.3). At Sites 6, 8, and 9, the
amount of poor samples decreased from near or above 70% to less than 38.3% by the find period
(1986-1997, Figure 111.20). A decrease was also redlized at Site 7 but 48.9% of samples till rated
poorly between 1986 and 1997. Changesin the C-14 Cand’s TP content after 1985 were evident
by the large increase in fair rated samples that indicates an improvement in water qudity. However,
the highest percentage of good samples (i.e., within compliance) was only 29.8% (Site 9) and the
lowest percentage was 10.7% (Site 7).

Observations from 1989-97 reveded no statistical differences between wet and dry seasons (Figure
111.21) and seasond vaues exhibited fairly asmilar variability. All median vaues were above the
Broward County standard. However, Site 7's 75" percentile TP value was nearly 0.100 mg/l. Wet
season 25™ percentile TP val ueswere below the standard (i.e., within compliance) at Sites8 and 9 but
above 0.020 mg/l at Sites6 and 7.

e. Nitrogen

Total nitrogen levelsare ca culated from the total Kjeldahl nitrogen (TKN) and nitritet+nitrate-nitrogen
(NO,+NO;) concentrations. Over a17-year period (1981-1997), dl long term mean and median TN
vaueswere below the Broward County freshwater standard (1.500 mg/l). The C-14 basins shighest
TN content was observed a the westernmost site (Site 9) and the lowest values were observed at the
easternmost sampling location (Site 6, Table 111.14).

Mean and median TKN content represented over 85.0% of corresponding TN concentrations and
followed asmilar spatid pattern (Table [11.14). Ammonia-nitrogen was below the method detection
limit in nearly 45.0% of sampling eventsin the western region (Sites 8 and 9) compared to 25.8% and
33.4% at Sites 7 and 6, respectively. The highest median and mean (NO,+NO;) vaueswere at Site
6 while the lowest were seen a Site 8.



Figure111.20. Tota Phosphorus (TP) Concentrations Observed in the C-14 Cana Basin over Three Time Periods. Concentrations are
categorized in terms of compliance with the Broward County freshwater TP standard of 0.020 mg/l. The percentage of samples below
0.020 mg/l are classified as good. A fair rating was given to concentrations between 0.021 mg/l to 0.060 mg/l. Vaues equal to or greater

than three times the standard (i.e., 0.060 mg/l) are classified as poor.
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FigureI11.20 (cont.). Total Phosphorus (TP) Concentrations Observed in the C-14 Canal Basin over Three Time Periods. Concentrations
are categorized in terms of compliance with the Broward County freshwater TP standard of 0.020 mg/l. The percentage of samples below
0.020 mg/l are classified asgood. A fair rating was given to concentrations between 0.021 mg/l to 0.060 mg/l. Vaues equal to or greater

than three times the standard (i.e., 0.060 mg/l) are classified as poor.

c)Site 7 1974-1980 1981-1985 (n= 19) 1986-97 (n=47)

530 10.7 % oo
. 0
_ 21.1%
No Sampling

= Good ——— Fair p— = | S I

1981-1985 (n=119) 1986-97 (n=167)

2.0% 17.4% 38.3%
143 %
65.3 %

0
73.6 % 0.4%

80.7 % 44.3%




Figure I111.21. C-14 Canal Basin Total Phosphorus (TP) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989 thru
1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January and April.
The number of samples (n) over the nine year period is shown on the upper x-axis. Statistically significant differences between wet and dry
season mean and/or medians were not observed at any site.
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Table I1l. 14. Descriptive Statistics for Nitrite+Nitrate- Nitrogen (NO,+NO;), Ammonia-Nitrogen (NH,),
Total Kjeldahl Nitrogen (TKN) , and Total Nitrogen (TN) Concentrations in the C-14 Canal Basin. If a
sample was below the method detection limit (MDL), half of the MDL value was used in the calculation.
The number of samples below the method detection limit is shown in the last column (# MDL). Total
Nitrogen was calculated as the sum of TKN and NO,+NO,.

Site | Parameter | unit n Median Mean SD Max Min #
MDL

6 | NO,+NO, | mg/l 290 0.114 0.142 0.127 0.819 0.005 24
7 | NO,+NO; | mg/l 67 0.081 0.111 0.096 0.390 0.005 7
8 | NO+NO; | myg/l 66 0.063 0.100 0.119 0.768 0.005 10
9 | NO,+NO. | mg/l 66 0.064 0.122 0.139 0.757 0.005 7
6 NH, mg/I 263 0.056 0.082 0.142 2050 0.005 83
7 NH. mg/! 62 0.051 0.084 0.125 0.887 0.005 16
8 NH, mg/! 61 0.026 0.056 0.073 0.328 0.005 28
9 NH. mg/| 61 0.029 0.079 0.126 0.803 0.005 27
6 TKN mg/I 285 1.010 1125 0.377 2.300 0.359 0
7 TKN mg/! 65 1.030 1.139 0.408 2.380 0.489 0
8 TKN mg/! 64 1150 1.273 0471 2.500 0.507 0
9 TKN mg/I 64 1.240 1.268 0.4%4 2650 0.199 0
6 TN mg/| 285 1194 1.266 0.378 2444 0555 | N/A
7 TN mg/I 65 1218 1250 0414 2411 0517 | N/A
8 TN mg/! 64 1.220 1374 0.497 2.738 0.632 | N/A
9 TN mo/l 64 1408 1392 0.517 2900 0212 1 N/A

Annua mean tota nitrogen (TN) content was generdly higher in the 1980's than during the 1990's at
dl four sites (Figure 111.22). Sites8 and 9 TN levelswere very comparable while annua TN content
measured at Sites 6 and 7 were more dike. In addition, most exceedances of the Broward County
standard (1.500 mgy/l) occurred during the 1980's in the canal northwest of S-37B (Sites 8 and 9).

To better understand compliance patterns within the cand, each TN sample was given arating based
onBroward County’ swater quality standards (see Section |11.E.5.€). Additiondly, changesover time
were investigated based on the closing of WWTPswithinthebasin (see Section 111.F.3). Overdl, the
mgority of TN samples rated good at every site during each period (Figure 111.23). The lowest
compliance level (65.0%) in the previous five years (1993 to 1997) was at Site 8 while Site 6 had the
highest with 90.0%. With 78.9% good rated samples during 1993-1997 compared to 57.7% from
1986-1992, Site 9 exhibited the grestest increase between two periods. Only the locations northwest
of S-37B (Sites 8 and 9) exhibited any poor samples but the percentages were aways low (< 7.5%)
and occurred before 1993.

Dry season TN vaues were generdly higher than wet season vaues at al stes and al median vaues
were below the 1.500 mg/l level (Figurelll.24). However, dry season TN medianswere much closer
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Figurel11.22. Mean Annua Total Nitrogen (TN) Levels Within the C-14 Cana Basin from 1981 to 1997. Means and standard deviations (error
bars) calculated from bi-weekly, monthly, and/or quarterly sampling with number of samples (n) for each year noted on upper x-axis. The Broward
County standard (1.500 mg/l) isindicated by the dashed line.
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FigureI11.23. Tota Nitrogen (TN) Concentrations Observed in the C-14 Canal basin over Three Time Periods. Concentrations are
categorized in terms of compliance with the Broward County TN standard of 1.500 mg/l. The percentage of samples equal to or below
1.500 mg/l are classified asgood. A fair rating was given to concentrations between 1.501 mg/l to 2.500 mg/l. Vaues greater than
2.500 mg/| are classified as poor.
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FigureI11.23. Tota Nitrogen (TN) Concentrations Observed in the C-14 Canal basin over Three Time Periods. Concentrations are
categorized in terms of compliance with the Broward County TN standard of 1.500 mg/l. The percentage of samples equal to or below
1.500 mg/l are classified asgood. A fair rating was given to concentrations between 1.501 mg/I to 2.500 mg/l. Vaues greater than
2.500 mg/| are classified as poor.
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Figurelll.24. C-14 Canal Basin Total Nitrogen (TN) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989 thru
1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January and April.
The number of samples (n) over the nine year period is shown on the upper x-axis. A statistically significant difference between wet and dry
season medians was observed at Site 6 (p < 0.005; Mann-Whitney Rank Sum Test) and between mean values at Site 8 (p < 0.01, t-test) but

not at Sites7 and 9.
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to the tandard at Sites8 and 9 than at Sites6 and 7. A datistical seasond difference in median TN
content was observed at Site 6 (Mann-Whitney Rank Sum Test, p < 0.005) and in mean TN
concentrations at Site 8 (t-test, p < 0.01).

f. Bacteriological Parameters

Bacteriologica parameters included fecd coliform (FC), tota coliform (TC), and fecd streptococcus
(FS). Mean values were higher than medians (Table I11.15). However, bacteriological mean vaues
are often skewed by outstanding high vaues(BCDNRP 1994). Thehigh standard deviaionsandlarge
differences between maximum and minimum values attest to the occurrence of this pattern throughout
the C-14 Candl.

Based on the Broward County FC standard of 800 colonies/100 ml and the TC standard 2,400
colonies/100 ml (both single samples), the C-14 Cand was characterized by low bacterialevels(Table
[11.15) over the previous twenty-five years. The maximum bacteriologica concentrations were high
but al FC and FS median vaues were less than 100 colonies’100 ml and TC median vaues were
under 500 colonies/100 ml.  Thus, enhanced ambient bacteriologica vaues were an anomalous
occurrence.

Tablelll.15. Descriptive Statistics for Fecal Coliform (FC), Total Coliform (TC), and Fecal Streptococcus
(FS) inthe C-14 Canal Basin. If asample was below the method detection limit (MDL), half of the MDL
valuewas used in the calculation. The number of samples below the method detection limit is shown in
thelast column (# MDL) and the unit of measurement is colonies/100 ml (col).

Site |Parameter | unit n Median Mean SD Max Min #
MDL

6 FC col 371 30 190.0 928 12000 5 66
7 FC col 66 32 210 581 3200 5 14
8 FC col 149 57 265 1117 12000 5 7
9 FC col 151 20 116 405 3200 5 31
6 TC col 370 250 1033 4953 80000 12 9
7 TC col 66 150 567 1707 13000 16.5 2
8 TC col 156 440 1714 6642 80000 15 2
9 TC col 159 250 709 1614 14000 16.5 7
6 FS col 346 98 684 5547 100000 5 73
7 FS col 67 49 351 781 5000 12 20
8 FS col 123 98 456 977 6700 5 22
9 FS col 123 49 277 724 6700 5 32

Dueto the large amount of variahility around the mean, yearly box plots were plotted for FC median
ingtead of the mean (Figure 111.25). For al stes, the annua median FC vaue never exceeded the
Broward County single sample standard of (800 colonies/100 ml). However, the 75" percentile FC
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Figurell1.25. Yearly Box Plots of Fecal Coliform (FC) Levelswithin the C-14 Canal Basin from 1973 to 1997. Medians and percentiles calculated
from monthly and quarterly samples with the number of samples (n) noted on the upper axis. The Broward County single sample standard (800

colonies/100 ml) isindicated by the dashed line.
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values were greater than the standard in 1981, 1993-1995 at Site 8, aswell asin 1994 and 1995 at
Site 9. Southeast of S-37B, at Site 7, the years of 1981, 1994, and 1996 aso had 75" percentile
readings above 800 colonies’100 ml. Site 6 was only characterized by an occasiona 90" or 95
percentile values out of compliance with the FC standard.

To better understand compliance patterns within the cand, each specific sample was given a rating
based on three different Broward County water quality standards (see Section 111.E.6.f). and the
closing of WWTPs within the basin was addressed (see Section 111.F.3). The overal percentage of
poor sampleswas low (<10.0%) throughout al periods at each sampling site (Figure 1V 26). Except
for Site 7, the highest amount of poor samples was during 1986-1997. However, the percentage of
good samples throughout the waterway during the same period was between 85.1% and 88.3%.

From1989to 1997, asgnificant Satistical difference between wet and dry season FC valueswasonly
observed a Site 6 (Mann-Whitney Rank Sum Test, p< 0.001, Figure 111.27). More importantly, all
wet and dry season median vaues were well below 800 colonies/100 ml and lower than the monthly
FC vaueof 200 colonies/100 ml. Furthermore, Site 8'swet season was the only 75" percentilevaue
above 400 colonies/100 ml but till below the single sample standard.

7. Basn Summary

Although general C-14 Cand water flow isto the eastern estuarine waters from the WCA 2, the S
37B can act as adivide depending on specific hydrologica conditions. In this study, two C-14 Canal
sampling locations (Sites 8 and 9) were located west of the S-37B (i.e., upstream) but are actualy
within different sub-basins (west and east). The other two canad sampling sites (6 and 7) are below
the S-37B within the same eastern sub-basin and the remnant Cypress Creek channd. Thefollowing
will discuss the water qudity characterigtics of these two different ssgments. In addition, theinfluence
of WWTP discharges and seasond effects will dso be discussed. Findly, questions about the canal
and basin brought forth by thisinitid data analyss effort are listed to support future monitoring and
resource planning.

a. Influence of WWTP Discharges

Genegrdly, the end of WWTP discharges Sgnded the beginning of improved water qudity throughout
the C-14 Cand. The most marked change wasin TP vaueswith poor levelstypicaly being replaced
by far desgnations. In addition, annua TP meanstypicaly decreased from vaues over 0.100 mg/l to
concentrations less than 0.060 mg/l. Tota nitrogen concentration also decreased, dthough not to the
extent of TP. Theimprovementin TN vaueswas best expressed at the Sites 6 and 7 located southeast
of S-37B. However, dl stestypically had lower annua averages in the 1990's as compared to the
1980's when WWTPs were operating. Interestingly, DO vaues were relatively smilar between the
WWTP eraand the period afterward.
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Figurelll.26. Fecal Coliform (FC) Concentrations Observed in the C-14 Canal Basin over Three Time Periods. Concentrations are categorized
in terms of compliance with the Broward County FC standards which state the monthly average shall be equal to or less than 200 colonies/200ml
(good rating) and no single reading shall be above 800 colonies/2100 ml (poor rating). Vaues between 201 and 800 colonies per 100 ml are defined

asfair.
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FigureIl11.26 (Cont.). Fecal Coliform (FC) Concentrations Observed in the C-14 Canal Basin over Three Time Periods. Concentrations are categorized
in terms of compliance with the Broward County FC standards which state the monthly average shall be equal to or less than 200 colonies/100ml (good
rating) and no single reading shall be above 800 colonies/100 ml (poor rating). Values between 201 and 800 colonies per 100 ml are defined asfair.

c) Site7

1973-1980 1981-1985 (n=23) 1986-1997 (n=43)

8.7 % 4.7 %
7.0%
82.6 % 88.3%
No Sampling
>
d) Site6
1973-1980 (n=84) 1981-1985 (n=117) 1986-97 (n=169)
12% _ 48% #m 34% 994

94.0 % 88.9 %

86.4 %



Figurel1.27. C-14 Canal Basin Fecal Coliform (FC) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989 thru

1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January and April.
The number of samples (n) over the nine year period is shown on the upper x-axis. A statistically significant difference between wet and dry

season medians was observed at Site 6 (p < 0.001; Mann-Whitney Rank Sum Test) but not at Sites 7 thru 9.
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b. Basnwide Water Quality Characteristics (Post-WWTPs)

Overdl, water quaity was fairly good throughout the C-14 Cand since 1989. In particular, DO
concentrations were normally above 5.0 mg/l and rarely below the 4.0 mg/l sngle sample standard.
Withthe exception of 1995, TN vaueswere normaly within compliance (i.e., below) of the 1.500 mg/|
gandard. Annua FC medians were generally low but afew exceedances of the 800 colonies/100 ml
standard were seen, especidly in the 1990's.

Tota phosphorus level swere the exception to overdl good water qudity with each Ste exhibiting less
than 30.0% good rated samples (i.e., within standard compliance) even after WWTP discharges
ceased. In particular, Site 7 had only 10.7% good samples and 48.9% poor rated samples.
Furthermore, wet season vaues were often near 0.100 mg/l a Site 7. A likely contribution of TP
comes from the surrounding land use which is golf courses and plush residentid lawns. At the other
gtes, the large of amount of residentid lawns aong and/or adjacent to the cana may provide asource
of TP through excess fertilizer.

Sight water quality differenceswere observed between thetwo sites (8 and 9) upstream of S-37B and
the two downstream stes (6 and 7). Upstream stes had dightly higher TOC values over time. In
addition, dissolved oxygen concentrations at Sites 8 and 9 were cong stently above 5.0 mg/l while Site
6 and 7 exhibited occasiond values below 5.0 mg/l. Sites 8 and 9 had higher TN values during the
1980'sthan Sites 6 and 7 but thiswaslikely dueto WWTP discharges. However, dry season median
TN content from 1989 thru 1997 (post-WWTP) were more elevated a Sites 8 and 9 than below the
S-37B (Sites6 and 7). Potentidly, seasona flow patterns of the S-37B contribute to the dry season
TN observations.

c. Seasonal Patterns

Satidicdly higher DO means were observed in the dry season than the wet season at dl Stesand is
likdy dueto temperature differences. Someof thereativey rarelow (lessthan 3.0 mg/l) DO readings
at Site 9 may be indicative of seepage water from WCA 2A. Nonetheless, both seasons were
characterized by DO values that were normaly above the single sample stlandard of 4.0 mg/l.

Tota phosphorus wet and dry season concentrations were very Smilar with no satistica differences
observed. Site7 had high (> 0.100 mg/l) 75"-95™ percentile val ues and based on its surrounding land
use of golf coursesis probably affected by runoff from thesefacilities. Interestingly, median dry season
TN concentrations were aways higher than wet season vaues and were datisticaly sgnificant at Sites
6 and 8. Furthermore, the two highest dry season medians in the basin, 1.464 mg/l and 1.395 mg/l,
were observed at Sites 9 and 8, as compared to 1.124 and 1.025 at Sites 7 and 6, respectively. The
reasons for this are unclear at this time but may be related to operations of the numerous control
structures and surrounding groundwater elevations aong the L-36 Cana which borders the western
edge of the basin.
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d. Future Monitoring Questions

A mgor god of thisreport isto develop srategic guiddinesfor future Broward County water quality
monitoring and management. To facilitate this, questions generated by this study’ s findings are being
compiled for each drainage basin. For the C-14 Basin and Cand, the main questions revolve around
TP levels being above the 0.020 mg/l slandard throughout the basin, dbeit not at the levels seeninthe
Hillsboro Basin.

¢

What isthe main source of TP for the C-14 basin and in particular what isthe influence of the
golf courses near Site 7?

Are nutrient concentrations at Sites 6, 8 and 9 from 1993-1997 or from 1989-1992 more
reflective of ambient TP levelsin the cand ?

Are the differences in TP content between 1993-1997 versus 1989-1992 due to wesgther,
land-use, water management, or a combination? And if o can those conditions be repeated?

Why were dry season TN higher than wet season values, particularly northwest of the S37-B?

Throughout the cand (but particularly at Site 7) are nutrient concentrations creating a problem
in water column biology (eg., chlorophyll @) and/or macrophytes?

What is sormwater qudity like directly entering the cana and its secondary and tertiary
tributaries?
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G. C-13 Cana
1. Basn and Canal Structure

The C-13 Cand Basin is a medium-sized basin with an area of thirty-nine mi? (Cooper and Lane
1987). Thebasinislocated in north-central Broward County and is divided into an eastern (nine mi?,
Figure 111.28) and awestern basin (thirty mi2). Western inputs of water occur fromthe L-36 south of
the S-38C viathe C-42. Both the L-36 and C-42 are oriented in anorth-south direction. The C-42
has an open connection to the east-west oriented C-13 Canal. The S-125 effectively dividesthe C-13
and North New River Cana (NNRC) Basins south of the confluence of the C-42 and the C-13 Candl.

In addition, portions of the western NNRC Basin may drain seepage and runoff water into the C-13
Canal viathe L-35A except during times of flooding (Cooper and Lane 1987). The S-124 determines
if water from the L-35A goesto the C-13 or the North New River Cand. The western C-13 Basin
includesthe entire freshwater section of the C-13 Canal which represents the headwaters of the S-36.

Eadt of the S-36 (i.e,, the tailwaters), the eastern C-13 Basin drains entirely into an estuarine section
of the C-13 Cand and the remnant Middle River channd. In addition, the North Fork of the Middle
River Basin drains five mi2 (Cooper and Lane 1987) directly to this section of the Broward estuary.

The SFWMD controls the water management of the primary canas and structures within the basin.
I ndependent or dependent drainage districtsdo not exist in the C-13 Basin (see Section |, Figure1.4),
thus Broward County has permit jurisdiction of the basin’s drainage into the primary C-13 Cand and
maintains the basin dong with locd municipdities such as Sunrise.

2. Municipalitiesand Land Uses

The western portion of the C-13 Cand Basin includes the cities of Lauderhill (49,632 residents,
Broward County Planning Council 1995), Lauderdale Lakes (29,691 residents), and approximeately
haf of Sunrise (74,084 residents, see Section |, Figure 1.3). The eastern portion includes Wilton
Manors (13,191 residents, Broward County Planning Council 1995), approximately haf of Oakland
Park (28,311 resdents) and a relatively smal portion of Ft. Lauderdae (156,121 residents).

The eastern portion of the C-13 Cand Basin, consisting of Oakland Perk, Ft. Lauderdae, and Wilton
Manors was developed earlier than many other areas of the county. In 1970, Oakland Park’s
population consisted of gpproximately 16,000 residents and the entire city of Ft. Lauderdale had over
139,000 residents, with only a portion of the city lying within the C-13 Basin. Lauderdale Lakeslies
inthe central portion of the basin, and in 1970, its population was gpproximately 10,500 residents.
Oakland Park increased to nearly 24,000 residents, Lauderdale Lakes doubled in size to
approximately 25,000 residents.

By the late 1970s, resdentid development in the C-13 Basin comprised gpproximately one-third of
the Basin' sland area, while commercid and industrid uses comprised 7% of thebasin. A largeportion
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of the basin remained vacant, or undeveloped, and asmal amount of agricultura land remained in the
western areas (Broward County Planning Council 1977).

The current land uses of the C-13 Basin are dominated by commercia and medium- to high- density
resdentia (Broward County Planning Council 1995). Small areas of wetlands and upland forest are
located in the northwestern portion of the basin, near Water Conservation Area 2B.

3. Wastewater Treatment Plants Discharge History

In 1975, the Broward County Utilities Numbers 5A; and 5A, were the first wastewater treatment
plants (WWTP) to cease discharges into the C-13 Candl. After 1984, the City of Ft. Lauderdae’s
“E” WWTP (0.500 million galons per day; mgd) and the City of Tamarac's “East” (0.165 mgd)
WWTP stopped releasing into the waterway (BCEQCB 1983, 1984). The City of Sunrise' s 1A and
1B plant halted discharging acombined average of 7.8 mgd by 1986 to aholding pond that overflowed
during emergenciesto the C-13 Cana (BCEQCB 1985, 1986).

4. Other Influences on Water Quality
a. Soils

The soils of the C-13 Basin include poorly drained, deep sandy soils (see Section |, Figure 1.5). The
eastern portion of the basin containsthese sandy soilswith an overlying organic layer (Reynolds, Smith
and HillsInc., 1972). In the early 1970s, the mgority of the soilsin the western portion of the basin
were moderatdly to severely limiting to building and transportation congruction (Reynolds, Smith and
Hills Inc., 1972) until additiond drainage and build up of devation made the land more suitable for
urban uses.

b. Roadways

Similar to the C-14 Cand Basin, severd mgjor roadways cross the C-13 Canal (see Figure 111.15).
However, the estuarine section of the C-13 and the Middle River extends farther west than the C-14
Cand andincludes|nterstate 95. The mgjor north-south oriented roadsinclude Universty Drive, State
Road 7, Rock Idland Road, Florida Turnpike, and NW 31% Avenue. Thus, transportation associated
runoff can be expected through some portions of the waterway.

c. Septic Tanks

Withthe exception of an extremely smdll strip of land near Bailey Road and State Road 7, the Western
C-13 Basin has sewer sarvice (http://mww.broward.org/moi00600.htm). The eastern C-13 Canal
Basin and North Fork Middle River have some areas without sewer service but the areasare at least
ahdf amilefromthewaterway. Thus, the potential septic tank areas arein the estuarine section of the
basin and are not covered in this section even by the downstream site at S-36 (BCDPEP Site 11).
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5. Sampling L ocations and Period

Four sites (BCDPEP Sites 11-14) are located in the C-13 Cana (Figure 111.30, aso Appendix 1).
Three are west of the S-36 structure and are without tidal influence. These include the easternmost
freshwater Site 12 that isimmediately west of the S-36 at the 31t Avenue (Lyons Road) bridge. Site
13 is approximately two miles west of Site 12 at the Rock Idand Road bridge. Site 14 is the
westernmost sampling locde a the Univergity Drive bridge and isgpproximately two and onehdf miles
east of the confluence of the C-13 and C-42 Candls. Tablelll.16 describestheyearsof collectionfor
each parameter at each Site.

Site 11 isimmediately downstream (east) of the S-36 water control structure in the Middle River at
the NW 21st Avenue bridge. Site 11 wasincluded with the freshwater canad sections becauseit isthe
only tidaly influenced monitoring Site in close proximity to the tailwaters of a mgor water control
gructure. Thus, it was concluded acomparative andysis between upstream (Site 12) and downstream
(Site 11) Steswas best auited in the same section.

Table11.16. Sampling Y earsfor Specific Parametersat the C-13 Canal Locations. A sampling
year had at |east one sample event during that year. Note the biochemical oxygen demand
was afive-day test from 1973 until 1981 when a seven-day test was implemented until 1993
after which sampling for the parameter was discontinued at BCDPEP.

Parameter Site11 Site 12 Site 13 Site14
Temperature 81-97 73-97 73-97 73-97
pH 81-97 73-97 73-97 73-97
Specific Conductance 81-97 81-97 81-97 81-97
Salinity 87-97 N/A N/A N/A

Dissolved Oxygen 81-97 7397 7397 7397
Biological Oxygen Demand 81-93 73-93 73-93 73-93
Total Organic Carbon 81-97 81-97 81-97 81-97
Turbidity 81-97 81-97 81-97 81-97
Total Phosphorus 81-97 74-97 74-97 74-97
Ammonia-Nitrogen 81-97 81-97 81-97 81-97
Nitrite+Nitrate-Nitrogen 81-97 81-97 81-97 81-97
Total Kjeldahl Nitrogen 81-97 81-97 81-97 81-97
Fecal Coliform 81-97 7397 7397 7397
Total Coliform 81-97 73-97 73-97 73-97
Fecal Streptoccocus 81-97 76-97 76-97 76-97
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6. Results
a. Physical Characteristics

Measurements of the C-13 Cand’s water temperature and pH were very smilar a dl sampling
locations (Table 111.17). Mean and median water temperatures were normaly between 25.5 and
26.0°C, respectively. Mean and median pH vaues were either 7.6 or 7.7 for al Sites.

As expected, the tiddly influenced Site 11 had the highest mean and maximum specific conductance
recordings (Table I11.17). However, Site 11's long term median specific conductance vaue (739
Fmhos'cm) was relatively equa to the freshwater sites (12-14) located on the west side of the
SFWMD dructure S-36. Furthermore, salinity observations were below the method detection limit
(0.5 parts per thousand) 65.9% of the time. Thus, Site 11 is characterized by freshwater with
occasond pulses of brackish water likely during low rainfal periods and/or high lunar tiddl activity.

Tablelll.17. Descriptive Statisticsfor Temperature(Temp;°C=degrees Celsius), pH, Specific Conductance
(Cond; Fmhos =micromhos/centimeter @ 25°C), and Salinity (Sal; ppt= parts per thousand) in the C-13
Cana Basin. If asample was below the method detection limit (MDL), half of theMDL valuewasusedin
the calculation. The number of samples below the method detection limit is shown in the last column (#
MDL). Salinity observationswere only made at the tidally influenced site (11).

Site | Parameter | unit n Median Mean SD Max Min #
MDL
11 Temp °C 65 26.1 25.6 34 32.0 17.8 0
12 Temp °C 364 26.1 25.6 35 320 17.2 0
13 Temp °C 150 26.0 256 3.6 330 150 0
14 Temp °C 156 26.0 25.9 34 33.0 19.0 0
11 pH units 67 7.6 7.6 04 84 6.5 0
12 pH units 371 7.7 7.7 0.3 8.7 6.4 0
13 pH units 150 77 7.7 04 87 6.2 0
14 pH units 157 76 76 03 84 6.5 0
11 Cond |Fmhos] 58 739 1692 2533 10900 470 0
12 Cond |Fmhos| 288 710 709 114 1360 330 0
13 Cond |Fmhos| 66 702 100 118 962 470 0
14 Cond |Fmhos] 67 730 717 116 985 470 0
11 sal pot 41 05 17 25 11 025 27




b. Total Organic Carbon and Turbidity

The C-13 Basin' sfreshwater stes (12-14) were characterized by dightly higher mean and median total
organic carbon (TOC) than thetida site (number 11; Table111.18). A sSmilar pattern was observed
for the maximum and minimum TOC concentrations. Interestingly, TOC concentrationinitialy gppears
to decrease as moving downstream from Site 14 to 13 but then increases at Site 12. The location of
aWWTP and/or the large samples Size a Site 12 may have contributed to this observation.

At dl stes, mean and median turbidity levels were typicaly low (< 6.0 nephelometric turbidity units,
ntus) and within compliance of Broward County’s standard of 10 ntus (Table 111.18). Notably,
maximum values were well above (> 100 ntus) the standard at Sites 12-14. Potentially, construction
and/or dewatering activities may have caused these unusud values.

Tablell1.18. Descriptive Statistics for Total Organic Carbon (TOC) Concentrations and Turbidity (Turb)
Levelsinthe C-13 Basin. If asamplewas below the method detection limit (MDL), half of the MDL value
was used in the calculation. The number of samples below the method detection limit isshown in the last
column (# MDL).

Site | Parameter | unit n Median Mean SD Max Min #
MDL
11 TOC mg/! 67 1850 1856 5.62 33.90 3.86 0
12 TOC mg/! 260 23.80 24.23 5.73 45,00 10.40 0
13 TOC mg/I 61 2150 2290 6.09 42.10 12.20 0
14 TOC mg/| 60 23.00 24.43 6.17 43.40 14.10 0
11 Turb ntu 67 19 34 49 330 038 0
12 Turb ntu 353 2.0 4.3 9.9 100.0 0.5 0
13 Turb ntu 133 26 5.1 14.2 140.0 0.9 0
14 Turb ntu 132 2.7 5.9 174 160.0 12 0

c. Dissolved Oxygen and Biochemical Oxygen Demand

Mean and median dissolved oxygen (DO) concentrations for the entire study were very comparable
between the eastern freshwater sites (numbers 12 and 13) and thetida site (number 11; Tablel11.19).
With mean and median vaues below the 4.0 mg/l sandard, the basin’s westernmost Site (14) had
relatively lower DO content than dl other sampling points Biochemicd oxygen demand (BOD)
concentrations were essentially thesame at Sites 11 and 12 while Sites 13 and 14 reflected each other.
All C-13 Cand mean and median BOD values were below the standard (within compliance) of 5.0
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Tablel11.19. Descriptive Statistics for Dissolved Oxygen (DO) and Biochemical Oxygen Demand (BOD)
Concentrationsin the C-13 Canal Basin. If a sample was below the method detection limit (MDL), half of
the MDL value was used in the calculations. The number of samples below the method detection limitis
shown in the last column (# MDL).

Site |Parameter | unit n Median Mean SD Max Min #
MDL
1 DO mg/l 65 49 48 17 8.7 14 0
12 DO mg/| 367 4.9 5.0 20 11.2 0.90 0
13 DO mg/| 147 4.7 4.8 2.3 13.6 0.025 2
14 DO mg/l 156 34 3.6 20 85 0.025 2
11 BOD mg/| 48 17 21 14 8.8 0.3 0
12 BOD mg/| 349 17 2.0 13 8.0 0.2 0
13 BOD mg/| 131 2.1 25 14 11.0 04 0
14 BOD mg/| 131 2.0 2.1 11 6.0 0.5 0

Site 14 generdly had the lowest annuad means within the basin, including twelve yearly means below
4.0 mg/l (Figure 111.29). However, most of this occurred during aperiod of WWTP discharges(i.e.,
before 1987). After 1986, annua DO content was normally above 4.0 mg/l throughout the waterway .
Stll, Site 14 exhibited the lowest annual averages in the freshwater segment of the canal. Located
immediatdy upstream and downstream of S-36, Sites 12 and 11 showed very smilar yearly mean and
standard deviations.

To better understand compliance patterns within the canal, each DO reading was given arating based
on Broward County’ swater quality standards (see Section I11.E.6.¢). In addition, the changes over
time due to the closing of WWTPs within the basin were investigated (see Section [11.G.3). Ste 12
redlized the most improvementsin DO content after 1986 with only 17.2% poor rated samples (Figure
111.30). Site 14 aso showed steady improvement over time but yielded a 34.7% poor rating from
1987 to 1997. While Site 13 had its worst DO ratings from 1982 to 1986, the periods before and
after werevery smilar having 40.7% and 34.1% poorly ranked samples, respectively. Site 11 showed
increases in both good and poor ratings from 1987 to 1997.

Seasond influences on DO concentrations were investigated by pooling wet (June through October)
and dry (November through May) season samples from 1989-1997. This was a period without
WWTP influence throughout the county. At al sites, differences between dry season and wet season
DO content were highly significant (t-test; p <0.001, Figure 111.31). In fact, the 5" percentile dry
seasonvauestypically corresponded to the wet season’ smedian number. Furthermore, amost dl dry
season DO datain Figure 111.32 is above (i.e., within compliance) the Broward County standard line
of 4.0 mg/l while the mgority of wet season concentrations are below it.



Figure 111.29. Annual Mean Dissolved Oxygen Content Within the C-13 Canal Basin from 1973 to 1997. Means and standard deviations (sd;
error bars) calculated from bi-weekly, monthly, and/or quarterly sampling with number of samples (n) for each year noted on upper x-axis.
The Broward County standard (4.0 mg/l) isindicated by the dashed line. Numbers in parentheses represent mean plus sd outside range of graph.
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Figure 111.30. Dissolved Oxygen (DO) Concentrations Observed in the C-13 Canal Basin over Three Time Periods. Concentrations are categorized
in terms of compliance with the Broward County standards which state the daily average shall not be less than 5.0 mg/I and no single reading shall be
below 4.0 mg/l. Thus, al concentrations greater than or equal to 5.0 mg/l are classified as good and DO concentrations between 4.0 to 4.9 mg/l are

considered fair. Readings below 4.0 mg/l are defined as poor.
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Figure I11.30 (Cont.). Dissolved Oxygen (DO) Concentrations Observed in the C-13 Canal Basin over Three Time Periods. Concentrations are
categorized in terms of compliance with the Broward County standards which state the daily average shall not be less than 5.0 mg/l and no single

reading shall be below 4.0 mg/l. Thus, al concentrations greater than or equal to 5.0 mg/l are classified as good and DO concentrations between
4.0to0 4.9 mg/l are considered fair. Readings below 4.0 mg/l are defined as poor.
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Figure111.31. C-13 Cana Basin Dissolved Oxygen (DO) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989 thru
1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January and April.
The number of samples (n) over the nine year period is shown on the upper x-axis. Statistically significant differences between wet and dry
season means were observed at al sites (p < 0.001, t-test). Site 11 isdownstream (i.e., tidal) of awater control structure (S-36).
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d. Total Phosphorus

Twenty-four year mean tota phosphorus (TP) concentrations were much higher than the respective
medians a each site (Table 111.20). However, variahility around the mean was high due, in part, to
large maximum vaues. Thus, medians were much closer to the freshwater TP standard (0.020 mg/l)
for Sites 12-14 and themarine standard (0.050) mg/l for Site 11 than mean values. Additionaly, nearly
30.0% of TP measurementsat Sites 12 and 14 were below the method detection limit. Themarine TP
standard was used for Site 11 because, technicaly, it is a tidd water body and under Broward
County’ s Chapter 27 subject to that standard (See Article V in Broward County 2000).

Table111.20. Descriptive Statisticsfor Total Phosphorus (TP) Concentrationsin the C-13 Canal Basin. If
a sample was belowthe method detection limit (MDL), half of theMDL valuewas used in thecal cul ations.
The number of samples below the method detection limit is shown in the last column (# MDL).

Site | Parameter | unit n Median Mean SD Max Min #
MDL

1 TP mg/| 66 0.053 0.129 0.253 1.560 0.010 17
12 TP mg/| 355 0.043 0.071 0.102 1.090 0010 | 103

13 TP mg/| 138 0.060 0.087 0.120 1100 0.010 29

14 P mo/l 137 0.030 0.080 0.206 2.080 0.005 44

Generdly, annua TP averages were much lower in the 1990's than the previous decades (Figure
111.32). Inparticular, mean TPlevelsfrom 1993 to 1997 were normally within compliance (i.e., below)
of the Broward County freshwater standard of 0.020 mg/| at Sites 12 thru 14. In addition, thestandard
deviaions during that period wererelatively low at the freshwater sites. However, the drought years,
1989 through 1992, were characterized by relatively elevated levels after the cessation of WWTP
discharges (1986). During the 1990's, Site 11 exhibited higher values than Sites 12-14 but was
typicaly compliant with the Broward County marine standard of 0.050 mg/l.

An andysis of total samples within compliance of the Broward County freshwater standard (0.020
mg/l; see l11.E.5.d) was performed for Sites 12-14. The marine TP standard was used for Site 11.
For marine (i.e., estuarine) water, total phosphorus concentrations were designated as poor if they
weretwicethe Broward County marine standard of 0.050mg/l. A fair designationwasgivenfor values
between 0.051 and 0.099 mg/l and concentrations greater than 0.100 mg/l were defined aspoor. In
addition, changes over time are presented with specid reference to the closing of WWTPswithin the
basin for al four sites (see Section 111.G.3).

All stes showed large (> 25.0%) improvementsin TP compliance percentages after 1986 (i.e., post-
WWTPs, Figure 111.33). Site 12 redlized a 47.3% increase in good rated samples from the period
1982-1986 to 1987-1997. Perhaps more importantly, the overall percentage of poor samples also
dramaticaly decreased in the freshwater Sites (12-14) during the same period. For example, 73.7%
of Site 13's TP samples between 1982-1986 were designated poor while only 14.0% had the same
classfication from 1987-1997. Although adifferent rating system (marine) was used, Site 11 had the
highest good and poor ranked samples from 1987-1997.
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Figure I11.32. Annual Mean Total Phosphorus (TP) Levels Within the C-13 Cana Basin from 1974 to 1997. Means and standard deviations (sd; error
bars) calculated from biweekly, monthly, and/or quarterly samples with the number of samples (n) per year noted on the upper x-axis. The Broward
County single sample standard (0.020 mg/l) isindicated by the dashed line. For thetida Site 11 (d), the marine TP standard (0.050 mg/l) is shown
(dotted line). Numbers in parentheses represent mean and/or sd outside y-axis range.
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FigureI11.33. Total Phosphorus (TP) Concentrations Observed in the C-13 Canal Basin over Three Time Periods. Concentrations are categorized
in terms of compliance with the Broward County freshwater TP standard of 0.020 mg/I. The percentage of samples below 0.020 mg/l are classified
asgood. A fair rating was given to concentrations between 0.021 mg/l to 0.060 mg/l. Values greater than three times the standard (i.e., 0.060 mg/l)

are classified as poor.
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Figure111.33 (Cont.). Total Phosphorus (TP) Concentrations Observed in the C-13 Canal Basin over Three Time Periods. Concentrations are
categorized in terms of compliance with the Broward County freshwater TP standard of 0.020 mg/l. The percentage of samples below 0.020
mg/l are classified asgood. A fair rating was given to concentrations between 0.021 mg/l to 0.060 mg/l. Values greater than three times the

standard (i.e., 0.060 mg/l) are classified as poor.
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Statigtical differences were not observed between wet and dry season TP concentrationsin the C-13
Canal (Figurelll.34). Atthefreshwater sampling points (Sites 12 thru 14), dry season TPvalueswere
characterized by larger variability and the highest overall 95" percentilevalues. At Site 11 (tiddl), the
dry season median was above the marine standard of 0.050 mg/l while the wet season was within
compliance.

e. Total Nitrogen

Total nitrogen levelsare caculated from thetotd Kjeldahl nitrogen (TKN) and nitritet+nitrate -nitrogen
(NO,+NO;) concentrations. Within the freshwater section of the C-13 Cand, 17-year mean and
median TN vaues were above the Broward County’ s standard (1.5 mg/l, Table I11.21) which isthe
same for both freshwater and marine. Site 11's median value was below (i.e., within compliance) of
the standard and the mean (1.523 mg/l) barely exceeded it.

Over 80% of median TN levels at Sites 11 and 12 was comprised of TKN while 90% was observed
at Sites 13 and 14. Within the freshwater reach, Site 12 had the highest nitrate-nitrite levels but the
lowest ammonia-nitrogen concentrations (means and medians).

Table111.21. Descriptive Statisticsfor Nitrite+Nitrate-Nitrogen (NO,+NO;), Ammonia-Nitrogen(NH,), Total
Kjeldahl Nitrogen (TKN) , and Total Nitrogen (TN) Concentrationsinthe C-13 Canal Basin. If asamplewas
bel ow the method detection limit (MDL), half of the MDL value was used in the calculation. The number
of samples below the method detection limit is shown in the last column (# MDL). Total Nitrogen was
calculated as the sum of TKN and NO,+NO,.

Site | Parameter | unit n Median Mean SD Max Min #
MDL
11 | NO,+NO; | mg/l 67 0.182 0.215 0.186 1130 0.005 3
12 | NO,+NO; | mg/l 288 0.236 0.275 0.181 0.936 0.005 3
13 | NO,+NO; | myg/l 67 0.167 0.202 0.139 0.837 0.005 1
14 | NO,+NO. | mg/l 66 0.122 0.149 0.112 0.540 0.005 1
11 NH, mg/I 62 0.089 0.325 0.869 5.670 0.005 14
12 NH. mg/! 265 0.115 0.158 0.144 0.551 0.005 55
13 NH, mg/! 62 0.178 0.204 0.182 0.686 0.005 10
14 NH, mg/I 61 0.222 0.270 0.203 0.734 0.005 7
11 TKN mg/I 66 1.125 1.307 0.956 6.640 0.364 0
12 TKN mg/I 283 1.380 1.393 0.316 3.340 0.135 0
13 TKN mg/! 65 1430 1427 0.376 2.290 0.573 0
14 TKN mg/| 64 1545 1503 0.380 2.260 0.509 0
11 TN mg/I 66 1.315 1523 1.088 7.366 0520 | N/A
12 TN mg/I 283 1.690 1.668 0.369 3.661 0512 | N/A
13 TN mg/! 65 1.583 1.630 0.417 2.366 0.665 | N/A
| 14 TN mo/l 64 1711 1.654 0417 2.544 0628 | N/A




Figurelll.34. C-13 Canal Basin Total Phosphorus (TP) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989 thru
1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January and April.
The number of samples (n) over the nine year period is shown on the upper x-axis. Statistically significant differences between wet and dry
season means and medians were not observed at any station. Site 11 isdownstream (i.e., tidal) of awater control structure (S-36) and the
marine (MAR) TP standard is shown.
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Annuad mean total nitrogen (TN) vaues showed higher valuesin the 1980's than during the 1990's &
dl four sites (Figure 111.35). In particular, means from 1995-1997 were under 1.500 mg/l at all
sampling Stes. Within the freshwater section (Sites 12-14), annud TN vadues were relaively smilar
between sites with a few exceptions (e.g., Site 12, 1988). Site 11 experienced the most dramatic
declinein annual mean TN content after 1988.

To better understand compliance patterns within the canal, each TN sample was given arating based
onBroward County’ swater quality standards (see Section |11.E.5.€). Additiondly, changesover time
were investigated with specid reference to the closing of WWTPs within the basin (see Section
[11.G.3). In the C-13's freshwater segment, TN compliance percentages dramatically increased
through time beginning with the closure of WWTP discharges after 1986 (Figurel11.36). For example,
Site 13 had zero samples rated good between 1981-1986 but realized 45.5% good (i.e., within
compliance) samples from 1987-1992. By the period of 1993-1997, 80.0% of TN samplesranked
good at Site 13. Sites 12 and 14 were smilar in the magnitude and time period of improvement.
Interegtingly, large-scale changes at Site 11 came earlier (1987-1992) than the freshwater sections
(1993-1997).

Between 1989-1997, dry season median TN vaues were higher than wet season medians but
satisticaly significant differences were only observed at Site 12 (t-test, p< 0.001, Figure 111.37).
Median vaues were near or at 1.500 mg/l during dry season measurementswhile below that standard
vaueinthewet season. Furthermore, dry season 75™ percentile valueswere dways above 1.500 mg/l
at the freshwater locations (12-14) but during the wet season monitoring.

f. Bacteriological Parameters

Long term medianfecd coliform FC vaueswererdatively smilar at Stes 12-14 (freshwater) and well
bel ow the 200 col onies/100 ml whichisthe Broward County monthly average sandard (Tablel11.22).
Site 11 had a higher median than sites west of the S-36 structure but thiswas aso below the monthly
standard. Even mean values that are normaly skewed by high maximum vaues were below the
Broward County single sample standard of 800 colonies/100 ml.

Median totd coliform vaues were not quite as uniform as FC content but were sill well below the

standard of 2,400 colonies/100 ml (Table 111.22). Feca streptococcus median concentrations were
very smilar between dl four Stes ranging from 98 to 125 colonies/100 ml.
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Figure 111.35. Mean Annual Total Nitrogen (TN) Levels Within the C-13 Canal Basin from 1981 to 1997. Means and standard deviations (error bars)
calculated from bi-weekly, monthly, and/or quarterly sampling with number of samples (n) for each year noted on upper x-axis. The Broward
County standard (1.50 mg/l) isindicated by the dashed line. Numbersin parentheses represent mean and/or sd outside of range of graph.
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Figurelll.36. Total Nitrogen (TN) Concentrations Observed in the C-13 Canal Basin over Three Time Periods. Concentrations are
categorized in terms of compliance with the Broward County TN standard of 1.500 mg/l. The percentage of samples equal to or below
1.500 mg/l are classified asgood. A fair rating was given to concentrations between 1.501 mg/l to 2.500 mg/l. Values greater than

2.500 mg/l are classified as poor.
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Figure111.36 (Cont). Total Nitrogen (TN) Concentrations Observed in the C-13 Canal Basin over Three Time Periods. Concentrations are categorized
in terms of compliance with the Broward County TN standard of 1.500 mg/I. The percentage of samples equal to or below 1.500 mg/I are classified
asgood. A fair rating was given to concentrations between 1.501 mg/l to 2.500 mg/l. Vaues greater than 2.500 mg/| are classified as poor. Note Site

11 isatidal waterbody.
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Figurel11.37. C-13 Canal Basin Total Nitrogen (TN) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989 thru
1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January and April.
The number of samples (n) over the nine year period is shown on the upper x-axis. A statistically significant difference between wet and dry
season means was observed at Site 12 (p < 0.001, t-test) but not at Sites 11, 13, and 14. Site 11 isdownstream (i.e., tidal) of awater control

structure (S-36).
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Tablell1.22. Descriptive Statistics for Fecal Coliform (FC), Total Coliform (TC), and Fecal Streptococcus
(FS) inthe C-13 Canal Basin. |f a sample was below the method detection limit (MDL), half of the MDL
value was used in the calculation. The number of samples below the method detection limit is shown in
thelast column (# MDL) and the unit of measurement is colonies/100 ml (col).

Site |Parameter | unit n Median Mean SD Max Min #
MDL
1 FC col 66 115 256 474 2600 5 3
12 FC col 369 37 193 820 12000 5 43
13 FC col 149 46 266 1062 12000 5 10
14 FC col 149 52 144 340 3400 5 12
11 TC col 66 310 1959 9829 80000 5 2
12 TC col 368 270 1289 5926 80000 12 8
13 TC col 149 460 1120 2583 28000 165 1
14 TC col 156 500 2056 7239 73000 33 0
11 FS col 67 100 413 1447 11000 12 9
12 FS col 344 98 357 1096 14000 3 74
13 FS col 124 115 508 1444 12000 10 9
| 14 FS col 124 125 1390 9148 100000 5 16 |

Due to the large amount of variahility around the mean (Table 111.22), yearly box plots were plotted
for feca coliform instead of the mean (Figure 111.38). Beyond one year (1981) at Site 11, annud
medians were never above the 800 colonies/100 ml standard at any dte. In fact, yearly medians did
not exceed 300 colonies’100 ml in the freshwater segment (Sites 12-14). Only occasiona 75"
percentile values exceeded the single sample standard (800 colonies/100 ml ). Site 12,with
substantially more sampling eventsfrom 1981-1991, had some 90™ percentileand higher val uesgreater
than the standard.

To better understand conformity of water quality standards within the canal, each specific samplewas
given arating based on three different Broward County standards (see Section 111.E.5.€). In addition,
al FC concentrations were pooled into specific eras based on the closing of WWTPswithin the basin
(see Section 111.G.3). The closing of WWTPs did not have any apparent effect on FC levels, asthe
percentage of good ranked samples remained fairly smilar after 1986 (Figure 111.39). Interestingly,
Site 13 did redlize adight decrease in the amount of good samples by the final period but only 4.7%
of al samples were rated poor. Over al periods, FC concentrations were never out of compliance
(i.e.,, poor samples) gregater than 11% of the time,

Only Site 12 had agtatistical difference between wet and dry season FC concentrationsfrom 1989 thru
1997 (Mann-Whitney Rank Sum Test, p < 0.05, Figure 111.40). Site 11 had the only 90" percentile
vaue (dry season) above the 800 colonies/100 ml standard. However, the mgjority of samplesat dl
stes were below the monthly average standard value of 200 colonies/100 mil.
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FigureI11.38. Yearly Box Plots of Fecal Coliform (FC) Levelswithin the C-13 Canal Basin from 1973 to 1997. Medians and percentiles calculated

from biweekly, monthly, and quarterly samples with the number of samples (n) per year noted on the upper axis. The Broward County single sample
standard (800 colonies/100 ml) isindicated by the dashed line.
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Figure 111.39. Fecd Coliform (FC) Concentrations Observed in the C-13 Canal Basin over Three Time Periods.
categorized in terms of compliance with the Broward County FC standards which state the monthly average shal
than 200 colonies/100 ml (good rating) and no single reading shall be above 800 colonies/100 ml (poor rating).
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Figure 111.39 (Cont.). Fecal Coliform (FC) Concentrations Observed in the C-13 Canal Basin over Three Time Periods. Concentrations
are categorized in terms of compliance with the Broward County FC standards which state the monthly average shall be equal to or less
than 200 colonies/100 ml (good rating) and no single reading shall be above 800 colonies/100 ml (poor rating). Values between 201 and

800 colonies per 100 ml are defined asfair. Note Site 11 isin atidal waterbody.
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Figure111.40. C-13 Cana Basin Fecal Coliform (FC) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989 thru
1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January and April.
The number of samples (n) over the nine year period is shown on the upper x-axis. A statistically significant difference between wet and dry
season medians was observed at Site 12 (p < 0.05, Mann-Whitney Rank Sum test) but not at Sites 11, 13, and 14. Site 11 isdownstream
(i.e., tidal) of awater control structure (S-36).
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7. Basn Summary

Generdly, C-13 Cand water flow is from the confluence of the C-42 to the eastern estuarine waters
viaS-36. Sites 14 through 12 represent west to east sampling Sites of a contiguous waterway within
the same drainage basin. Site 11 represents the water quaity immediately downstream of the S-36
and, though characterized by freshwater, isatidd water body. The following will discuss the weater
quality characteristics observed basinwide at these sampling locales. In addition, the influence of
WWTP discharges and seasona effects will dso bediscussed. Findly, questions about the cana and
basin brought forth by thisinitia dataandysiseffort arelisted to support future monitoring and resource

planning.
a. Influence of WWTP Discharges

The C-13 Canad showed substantia decreases in nutrient content at al four sitesafter WWTPshated
discharges. Nutrient compliance percentagestypicaly increased by nearly 30% at dl locationsand in
some cases (eg., Site 12 TP levels) an improvement of nearly 50% was redized. Dissolved oxygen
levels generaly improved but not to the extent as nutrient concentrations.

b. Basnwide Water Quality Characteristics

In generd, ambient water quality ranges from fair to good within the C-13 Basin. Furthermore, the
yearsof 1993 through 1997 were characterized by good water quality based on nutrient standards (TP
and TN). Interestingly, this period aso had a few observations of DO averages below (i.e, out of
compliance) the standard of 4.0 mg/l. Potentidly, the low nutrient and low DO water reflects the
increased discharges of seepage water from the WCAS to the estuarine waters from 1993 to 1997.
In particular, if high seepage rates were exhibited by WCA 2B into the L-35A, thiswater would have
been sent to the C-13 Cana unless flooding was occurring (see Section 111.G.1). An andysis of
hydrologica flowswould assst in determining theactud influence of both water management practices,
aswell as groundwater inflow on C-13's water qudlity.

Thus, initid observations suggest long term wegther patterns and subsequent water management
practices may mask any short term stormwater impacts on ambient water quadity in the freshwater
segment of the C-13 Cand. Thisincludes periods of low rainfdl. In generd, the yearsfrom 1989 to
1992 had higher nutrient concentrations a al sitesthan 1993 to 1997. Thus, alesser volume of low
nutrient WCA water may have been entering the C-13 Cand during this period and the primary surface
water inputs may have been short sormwater events. However, groundwater eevations and
subsequent interaction with cand water will dso need to be examined to further understand the
relaively devated nutrients during 1989-1992.

Within the C-13 Canal, between ste differences after 1988 were subtle to non-existent. Site 14 had
dightly lower annua DO averages and the lowest compliance percentages yet Site 12 had the two
lowest annua averages of the nineties. Sites 13 and 14 had wet and dry season medians from 1989-
1997 more smilar to each other than Site 12. Concentrations of TP were very smilar among the
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freshwater Stes (12-14) after post- WWTPs. However, Site 11 did exhibit higher TP vauesthan the
upstream Site 12, especialy from 1993t0 1997. Conversely, Site 11 had lower TN vauesthroughout
the sampling period (post-WWTP) and was the only site with a higher wet season median than
corresponding dry season (1989-1997). The influence of eastern tidal water and/or the discharge
pattern of the S-36 may be possible explanaionsfor dightly different nutrient observationsa Site 11.
Basinwide, ambient FC vaues were low (< 200 colonies/100 ml) (freshwater and tidal) and only rare
exceedances of the single samples standard (800 colonies/100 ml) were seen.

c. Seasonal Patterns

A distinct seasond pattern was observed for DO concentrations a dl Stes. Beyond the influence of
temperature, wet season DO levels of 3.0 mg/l may be indicative of WCA water and/or local
groundwater. Although dry season TN vauesweretypicaly higher than the wet season observations,
only onegatistical differencewas seen (Site 12). Thus, animportant aspect of TN concentrations may
be their dightly enhanced vaues (i.e., near or above 1.500 mg/l). Specificdly, TN values were over
the 1.500 mg/l standard at least 20% of the time a the freshwater sites from 1993 to 1997.
Furthermore, the period from 1987 to 1992 was characterized by samples below 1.500 mg/l lessthan
50% of the time even though WWTP discharges had ceased.

d. Future Monitoring Questions

A mgor god of this report isto develop drategic guiddinesfor future Broward County water quaity

monitoring and management. To fadilitate this, questions generated by this study’ s findings are being

compiled for each drainage basin. For the C-13 Basin and Cand, the main questions revolve around

two different periods after WWTPs halted discharges.

1 Arenutrient concentrationsat Sites12, 13, and 14 from 1993-1997 or from 1989-1992 more
reflective of ambient levelsin the cand?

i Arethedifferencesin nutrient content between 1993-1997 versus 1989-1992 dueto westher,
land-use, water management, or acombination? And if so can those conditions be repested?

1 What is water column biology (eg., chlorophyll a ) and/or macrophytes response to the
gpparent different eras of nutrient concentrations?

§ How much of an effect does the eastern tidal waters have on Site 11 and why were different
nutrient patterns observed between Sites 11 (downstream) and 12 (upstream)?
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H. C-12 Canal
1. Basn and Canal Structure

The C-12 Basin has a rdatively small drainage area of nineteen mi? and is located in east-central
Broward County (Cooper and Lane 1987, FigureI11.41). The C-12 Cana formsthe headwaters of
the S-33 control structure. Within the C-12 Basin, the tailwaters of the S-33 exist inthe North Fork
of the New River, an estuarine water body (See Section IV.I). The C-12 Basin is unique among the
magor basins because no temporary or permanent flow originates from WCA seepage and water
supply to the basn islimited to rainfdl (Cooper and Lane 1987). The Old Plantation Water Control
Didrict (see Section |, Figure | .4) hasapump site at the western end of the cand that isinactive. Thus,
overdl flow in the cand is basicdly limited to mgor storm events. For example, a recent BCDPEP
(1999) study compiled the SFWMD flow estimations for fourteen months and showed that zero flow
occurred 85% of thetime at the S-33.

2. Municipalitiesand Land Uses

The C-12 Basinincludes much of western Ft. Lauderda e, Lauderdae Lakes, southern Lauderhill, and
eastern Plantation while much of the centra basin is unincorporated Broward County (see Section I,
Fgurel.3). Thisbasn wasone of the earlier basnsto be devel oped as seen by the populations of its
municipditiesin the early 1970s as compared to other areas of the county. In 1970, Ft. Lauderdale
was heavily populated with nearly 140,000 resdents. Lauderdae Lakes, which dmost entirdly lies
withinthe basin, had apopulation of over 10,000 residents. Lauderhill contained approximately 9,000
resdents (U.S. Bureau of Census 1970). The remainder of the population in the C-12 Basin resided
in the unincorporated aress.

The population of the cities in the C-12 Basin grew significantly during the 1970s and early 1980's.
By 1987, the population of Ft. Lauderdale had grown to over 150,000 residents and in 1995 was
156,121 (Broward County Planning Council 1995). During the same period, Lauderdale Lakesmore
than doubled in population while Lauderhill expanded by more than four timesits population in 1970.
By 1995, L auderdae L akes had a population of 29,691 and Lauderhill consisted of 49,000 residents
(Broward County Planning Council 1995). Pantation’s population in 1995 numbered 78,318.

3. Wagtewater Treatment Plants Discharge History

Direct wastewater discharges were abundant to the C-12 Cana. Before the implementation of
regulatory changes prohibiting such discharges in the mid- to late-80s, five sewage trestment plants
released effluent into thecand. Thefirgt plant closed in 1975 when the Broward County Utilities Plant
# 7 sopped discharging 1.377 million galons per day (mgd) into the C-12 Cand. The last of these
plants (Plantation North 3.3 mgd) was taken out of servicein 1987 (BCEQCB, 1988).
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4. Other Influences on Water Quality
a. Soils

The soilsin the C-12 Basin (see Section |, Figure 1.5) are primarily deep sandy soils with a poorly
drained thick organic surface layer (Reynolds, Smith and Hills Inc. 1972). These soils are only
moderately limiting to congtruction and therefore did not require extensive additiona drainage to
accommodate the development of the past thirty years.

b. Roadways

A mgor east-west connector, Sunrise Boulevard, runs parald for the entirelength of the C-12 Cand
and drains a severd points directly to the waterway. In addition, State Road 7 and the Turnpike are
the mgor north-south roadways which cross the candl.

c. Septic Tanks

A large mgority of the C-12 Cand Basin that drains to the freshwater segment is serviced by sewer.
In addition, al land adjacent to the waterway is serviced by sewer. Conversdy, the portion of the
basin that drainsto the estuarine reach (i.e.,, North Fork of the New River) has large areas with no
sewer service (See Section 1V.H).

5. Sampling L ocations
Site 18 is located at the Northwest 9" Drive bridge (Figure 111.40). Site 17 is Situated immediately
west of the S-33 control structure. The closest bridge to the S-33 is located to the east at 34"

Avenue. Table I11.23 describes the years of collection for each parameter at each site. Appendix 1
details the geographic location of the Stes.
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Table 111.23. Sampling Years for Specific Parameters at the C-12 Cana
Locations. A sampling year had at least one sample event during that year.
Note the biochemical oxygen demand was afive-day test from1973 until 1981
when aseven-day test wasimplemented until 1993 after which sampling for the

parameter ceased at BCDPEP.

Parameter Site17 Site 18
Temperature 73-97 80-97
pH 7397 80-97
Specific Conductance 80-97 80-97
Dissolved Oxygen 7397 80-97
Biological Oxygen Demand 7393 80-93
Total Organic Carbon 80-97 80-97
Turbidity 7597 80-97
Total Phosphorus 74-97 80-97
Ammonia-Nitrogen 80-97 80-97
Nitrite+Nitrate-Nitrogen 80-97 80-97
Total Kjeldahl Nitrogen 80-97 80-97
Fecdl Coliform 73-97 80-97
Total Coliform 73-97 80-97
Fecal Streptoccocus 76-97 80-97

6. Results

a. Physical Characteristics

Median and mean water temperatures were rdatively smilar a both steswith Site 18 having dightly
higher values (Table111.24). Likewise, the C-12's pH leves were nearly identical at both sampling
gtes. Specific conductance vaues were particularly low as compared to other basins within close
geographica proximity (see C-13 Cand, Table I11.17 and North New River Cand, Table [11.31).
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Table 111.24 Descriptive Statistics for Temperature (Temp; °C= degrees Celsius), pH, and Specific
Conductance (Cond; Fmhos = micromhos/centimeter @ 25°C) in the C-12 Canal Basin. If a sample was
below the method detection limit (MDL), half of the MDL value was used in the calculation. Number of
samples below the method detection limit is shown in the last column (# MDL).

Site | Parameter | unit n Median Mean SD Max Min #
MDL
17 Temp °C 377 26.0 25.4 3.7 32.4 14.0 0
18 Temp °C 63 26.6 25.8 39 33.0 17.0 0
17 pH units 384 7.6 7.7 0.6 10.1 6.7 0
18 pH units 63 7.7 7.8 05 9.6 6.7 0
17 Cond |Fmhos| 291 470 473 130 1120 150 0
| 18 Cond__JFmhos| 68 510 532 140 930 306 0

b. Total Organic Carbon and Turbidity

Nearly identica TOC vaues (16.5 and 16.9 mg/l) were observed a Sites 17 and 18, respectively
(Table 111.25). An extremdy high maximum (87.3 mg/l) a Site 18 caused a dightly higher TOC
average then calculated for Site 17. Aswith TOC, turbidity levels were rdatively smilar at both Stes
and mean and median va ueswere around 25% or less of the county standard of 10 ntus(Tablell1.25).
Only themaximum turbidity concentrationswere abovethe standard (i.e., out of compliance) and these
values appeared to be rare based on the mean and standard deviations calculated for each Site.

Tablell1.25. Descriptive Statistics for Total Organic Carbon (TOC) Concentrations and Turbidity (Turb)
Levelsinthe C-12 Canal Basin. If asamplewas below the method detection limit (MDL), half of the MDL
value was used in the calculation. The number of samples below the method detection limit is shown in
thelast column (# MDL).

Site | Parameter | unit n Median Mean SD Max Min #
MDL

17 TOC mg/| 262 16.50 17.17 5.00 35.50 7.30 0

18 TOC mg/| 62 16.90 19.65 12.27 87.30 7.10 0

17 Turb ntu 356 19 25 23 34.0 0.3 3

18 Turb niy 63 17 26 b4 450 03 1

c. Dissolved Oxygen and Biochemical Oxygen Demand

Long term dissolved oxygen level sdiffered dightly between Site 17 and 18 (Tablel11.26). Site17 was
characterized by long term DO averages and medians below 5.0 mg/l but above the single sample
standard of 4.0 mg/l (i.e., within compliance). Conversdly, Site 18 had means and medians above the
5.0 mg/l threshold. Beyond sample size, both sites exhibited large variability around the means (see
standard deviations, Table 111.26).
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M ean and median biochemica oxygen demand vaueswere near or above 3.0 mg/l a both steswhich
is below the standard of 5.0 mg/l. However, maximum values and standard deviations suggest BOD
content did exceed the standard on occasion.

Table 111.26. Descriptive Statistics for Dissolved Oxygen (DO) and Biochemical Oxygen Demand (BOD)
Concentrationsinthe C-12 Basin. |f asamplewashbel ow the method detectionlimit (MDL), half of theMDL
value was used in the calculations. The number of samples bel ow the method detection limit isshownin
the last column (# MDL).

Site | Parameter | unit n Median Mean SD Max Min #
MDL

17 DO mg/| 380 43 48 32 147 0.025 6

18 DO mg/| 67 5.1 5.3 29 121 0.025 3

17 BOD mg/| 349 30 38 2.7 20.1 0.6 0

18 BOD moy| 48 28 31 20 105 08 0

Annud DO averages at both sites showed substantia increases after 1984 with dmost dl yearshaving
vauesgreater than 4.0 mg/l (Figurelll. 42). Inthe 1990s, Site 17'syearly means occasiondly differed
from Site 18's annua vaues by over 2.0 mg/l (eg., 1995).

Dissolved oxygen concentrations were designated as poor, fair, and good based on water quality
standards (see Section I11.E.5.¢). In addition, the changes over time are presented with reference to
the closing of WWTPs (see Section 111.H.3). The stoppage of WWTPs clearly alowed an increase
in DO levels with the amount of good samples increasing by nearly 25% at both sites (Figure 111.43).
Furthermore, Site 17 aso showed incrementa improvements after 1980 when poor rated samples
decreased by approximately 45%. Despitetheimprovements, poor rated sampleswere still observed
over 20% of the time from 1989-1997.

From 1989 to 1997, higher dissolved oxygen vaues were normally observed during the dry season
than during the wet season (Figurelll.44). Statigticaly significant seasond differenceswere observed
between wet and dry seasons means at both sites (t-test, p < 0.001). All seasona medians were
above 4.0 mg/l but 25" percentile DO concentrations were below the single sample standard.
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Figure111.42. Y early Mean Dissolved Oxygen (DO) Levels within the C-12 Canal Basin from 1973 to 1997. Y early means and standard
deviations (error bars) calculated from monthly and quarterly samples with the number of samples (n) listed on the upper x-axis. DO levels
should be above the Broward County standard (4.0 mg/l) indicated by the dashed line. Note scale difference on y-axis as compared to

other basin DO figures. Number in parentheses represents standard deviation beyond scale.
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Figure I11.43. Dissolved Oxygen (DO) Concentrations Observed in the C-12 Canal Basin over Three Time Periods. Concentrations are categorized
in terms of compliance with the Broward County standards which state the daily average shall not be less than 5.0 mg/I and no single reading shall be
below 4.0 mg/l. Thus, al concentrations greater than or equal to 5.0 mg/l are classified as good and DO concentrations between 4.0 to 4.9 mg/l are

considered fair. Readings below 4.0 mg/| are defined as poor.
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Figure111.44. C-12 Canal Basin Dissolved Oxygen (DO) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989 thru
1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January and April.
The number of samples (n) over the nine year period is shown on the upper x-axis. Statistically significant differences between wet and dry

season means was observed at both sites (p < 0.001, t-test).
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d. Total Phosphorus

Tota phosphorus mean and median concentrations were elevated at both Sites 17 and 18 (Table
111.27) with meansbeing exceptiondly high. In particular, Site 17'slong term va ueswere above 0.300
mg/l. The occurrence of extremdy high maximum vaues (> 3.0 mg/l) undoubtedly skewed both the
means and mediansin this particular andyss.

Table111.27. Descriptive Statistics for Total Phosphorus (TP) Concentrationsin the C-12 Canal Basin. If
asample was below the method detection limit (MDL), half of theMDL valuewasused in the calculations.
The number of samples below the method detection limit is shown in the last column (# MDL).

Site |Parameter | unit n Median Mean SD Max Min #
MDL

17 TP mg/l 360 0.318 0499 0.697 6.000 0.010 16

18 TP mg/| 67 0.118 0.315 0.496 3570 0.010 7

The annud averages (Figure 111.45) illugtrate how TP concentrations changed dramatically over time
and how thelong term descriptive statistics (see Tablel11.27) werelargdy influenced by datacollected
before 1988. Y early mean TP between 1974 and 1980 were substantialy high (> 1.0 mg/l). Vdues
between 1981 and 1987 decreased by hdf but generdly were around 0.500 mg/l. With the closing
of the find WTTP, TP vaues were typicdly between 0.050 and 0.080 mg/l at both Sites 17 and 18
(Figurell11.45).

To better examine compliance patterns within the cand, dl individua samples were rated in terms of
Broward County’s TP standard (0.020 mg/l; see Section 111.E.6.d) and are presented with special
reference to the closng of WWTPs within the basin (see Section 111.H.3). With at |east 88.4% poor
rated samples, the C-12 Cand clearly had significant TP inputs from WWTP during 1974 through
1987 (Figure I11.46). Despite substantial improvements observed after WWTPs ceased, poor rated
samples were till observed over 40% of the time between 1989-1997.

Statidicaly significant values were not observed betweenwet and dry season mean or median values
(Figure 111.47). However 25" percentile and higher concentrations were above the 0.020 mg/l
standard at both Stes. Site 17 showed nearly uniform concentrations based on the median and spread
of percentiles.

e. Total Nitrogen

Tota nitrogen (TN) levels are calculated from the tota Kjeldahl nitrogen (TKN) and nitrite+nitrate-
nitrogen (NO,+NQO;) concentrations. The mean TN content at Site 18 (1.634 mg/l) was above the
1.500 mg/l standard levd (i.e., out of compliance) but was dueto an extremely anomal ous observation
17.098 mg/l (Table I11.28). Thus, median TN vaues probably reflected the concentrations more
satisfactorily and both C-12 sites were near 1.200 mg/l.
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Figure I11.45. Annual Mean Total Phosphorus (TP) Levels within the C-12 Canal Basin from 1974 t01997. Y early means calculated from quarterly and
monthly sampling with the number of events (n) per year noted on upper x-axis. Error bars represent the standard deviation (Zc[?. TP levels should be

below the Broward County freshwater standard (0.020 mg/l) indicated by the dashed line. Numbersin parentheses represent

values greater than the

y-axisscale. The years 1988-1997 (figures c+d) are also shown on additional graphs due to the large difference in scale (y-axis) before and after 1988.
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Figurelll.46. Total Phosphorus (TP) Concentrations Observed in the C-12 Canal Basin over Three Time Periods. Concentrations are
categorized in terms of compliance with the Broward County freshwater TP standard of 0.020 mg/l. The percentage of samples below
0.020 mg/l are classified asgood. A fair rating was given to concentrations between 0.021 mg/l to 0.060 mg/l. Values equal to or greater

than three times the standard (i.e., 0.060 mg/l) are classified as poor.
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Figurelll.47. C-12 Canal Basin Total Phosphorus (TP) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989 thru
1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January and April.
The number of samples (n) over the nine year period is shown on the upper x-axis. Statistically significant differences between wet and dry
season means and/or medians were not observed at either station.
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Over 90% of TN was contributed by TKN at both locations (Table11.28). In addition, each site had
very different median and mean (long term) NO,+NO; and ammonia-nitrogen concentrations. This
was due, in part, to extremdy high maximum vaues and is o demongrated by the large sandard
deviaions. Ammonia-hitrogen was aso characterized by observations below the method detection
limit around 50% of the time at both Stes.

Tablel11.28. Descriptive Statisticsfor Nitrite+Nitrate-Nitrogen (NO,+NO,), Ammonia-Nitrogen (NH,), Total
Kjeldahl Nitrogen (TKN), and Total Nitrogen (TN) in the C-12 Canal Basin. All calculations represent
seventeen years of sampling, however, the number of samples (n) varies between sites. If a sample was
below the method detection limit (MDL), half of the MDL value was used in the calculation. The number
of samples below the method detection limit is shown in the last column (# MDL). Total nitrogen was
calculated as the sum of TKN and NO,+NO,.

Site | Parameter | unit n Median Mean SD Max Min #
MDL

17 | NO,#NO; | mg/l 291 0.040 0154 0.256 1.660 0.005 89
18 | NO,+NO, | mg/l 63 0.067 0.189 0.301 1.380 0.005 13
17 NH. mg/| 267 0.025 0.144 0.341 2.950 0.005 144
18 NH, mg/| 64 0.025 0.189 0.327 1.485 0.005 29
17 TKN mgy/I 286 1.100 1.196 0511 3.384 0.179 0
18 TKN mg/I 66 1.105 1.440 1.969 16.700 0.245 0
17 TN mgy/| 286 1.211 1.352 0.646 4.920 0.195 N/A
18 N ma/l 66 1.190 1634 2045 17,098 0250 | N/A

Annud TN content exhibited a smilar pattern as TP levels in the eras before and after WWTP
discharges. Y early meansdropped by nearly 1.0 mg/l at Site 18 and around 0.075 mg/l a Site 17 after
1987 (Figure 111.48). In fact, annud averages a both sites were normally below the 1.500 mg/l
standard subsequent to the hating of WWTP discharge practices.

The amilarity in C-12 sampling Site concentrations was further borne out by the percentage of good
rated samples between 1989 through 1997 being high ( at least 90%, Figure[11.49). Each TN sample
was given a rating based on Broward County’s water quality standards (see Section I11.E.5.€).
Additiondly, changes over time were investigated with specid reference to the closing of WWTPs
within the basin (see Section I11.H.3).

Between 1989-1997, seasond median TN values were very smilar between dtes and datistical
differences were not observed for the mean or medianseasonal TN content (Figure111.50). Only the
95" percentile TN values were above Broward County’ s compliance standard.



Figure111.48. Annual Mean Total Nitrogen (TN) Levelswithin the C-12 Basin from 1981 to 1997. Y early means calculated from quarterly samples(i.e., n=4)
unless noted on upper x-axis and error bars represent the standard deviation (sd). TN levels should be below the Broward County standard (1.500 mg/l) indicated
by the dashed line. Numbersin parentheses represent mean and sd values greater than the y-scale (note differnent scale than other basins).
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Figure I11.49. Total Nitrogen (TN) Concentrations Observed in the C-12 Canal Basin over Three Time Periods. Values are categorized in terms
of compliance with the Broward County TN standard of 1.500 mg/I. The percentage of samples equal to or below 1.500 mg/| are classified as good.
A fair rating was given to concentrations between 1.501 mg/l to 2.500 mg/l. Vaues greater than 2.500 mg/l are classified as poor.
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Figure111.50. C-12 Canal Basin Total Nitrogen (TN) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989 thru
1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January and April.
The number of samples (n) over the nine year period is shown on the upper x-axis. Statistically significant differences between wet and dry

season means and/or medians were not observed at either station.
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f. Bacteriological Parameters

Bacteriologca parameters measured from 1981-1997 included fecd coliform (FC), tota coliform
(TC), and fecal streptococcus (FS). Mean vaues were higher than medians (Table 111.29), however,
bacteriologica mean values are often skewed by outstanding high values (BCDNRP 1994). The high
standard deviations (Table 111.29) and large differences between maximum and minimum va ues attest
to the occurrence of thispattern. Median vauesweretypicaly low and below (i.e., within compliance)
water qudity standards.

Tablell1.29. Descriptive Statistics for Fecal Coliform (FC), Total Coliform (TC), and Fecal Streptococcus
(FS) in the C-12 Canal Basin. If a sample was below the method detection limit (MDL), half of the MDL
value was used in the calculation. The number of samples below the method detection limit is shown in
thelast column (# MDL) and the unit of measurement is colonies/100 ml (col).

Site |Parameter | unit n Median Mean SD Max Min #
MDL

17 FC col 375 70 438 1272 12000 35 60
18 FC col 146 96 597 1838 12000 5 7
17 TC col 379 660 5753 16997 80000 5 11
18 TC col 70 295 1204 3468 26000 12 3
17 FS col 347 120 1251 6922 100000 5 88
18 ES col 68 0 526 1115 6900 12 14

Y early median vaues were normaly below the single sample standard (800 colonies/100 ml) at both
gtes (Figure 111.51). However, occasiond high feca coliform concentrations were observed,
particularly during 1994 which exhibited the highest annua medians and 75" percentile values during
the 1990's. Exceedances before 1989 are likely due to insufficient WWTRP chlorination.

To better understand compliance patterns within the canal, each specific sample was given arating
based on three different Broward County water quality standards (see I11.E.5.f) and the closing of
WWTPs within the basin was addressed (see section 111.H.3). Poor rated FC concentrations were
only occasionally observed (< 15.0%) after 1980 (Figure 111.52) and good rated samples (< 200
colonies/100 ml) were the typical (> 64.0%) observationsin the 1980's and 1990's.

Wet season FC va uestended to be higher than dry season concentrations at both sites (Figure 111.53).
Statidticaly significant differencesfrom 1989-1997 were observed at both monitoring locations(Mann-

Whitney Rank Sum Test, p< 0.05). However, exceedances of the 800 colonies/100 ml standard were
rare.
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Figurelll.51. Yearly Box Plots of Fecal Coliform (FC) Levelswithin the C-12 Cana Basin from 1973 to 1997. Medians and percentiles

calculated from monthly and quarterly samples with the number of samples (n) noted on the upper axis. The Broward County single sample
standard (800 colonies/100 mL) isindicated by the dashed line. Numbersin parentheses represent 75th percentile values that extend beyond
the y-axis scale. Note difference in y-scale axis compared to other basins.
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FigureI11.52. Fecal Coliform (FC) Concentrations Observed in the C-12 Canal Basin over Three Time Periods. Concentrations are
categorized in terms of compliance with the Broward County FC standards which state the monthly average shall be equal to or less than
200 colonies/100 ml (good rating) and no single reading shall be above 800 colonies/100 ml (poor rating). Va ues between 201 and 800

colonies/100 ml are defined asfair.
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Figure111.53. C-12 Canal Basin Fecal Coliform (FC) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989 thru
1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January and April.
The number of samples (n) over the nine year period is shown on the upper x-axis. Statistically significant differences between wet and dry
Season means was observed at both sites (p < 0.05, Mann-Whitney Rank Sum test).
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7. Basn Summary

The C-12 Cand is hydrologicdly unique in Broward County because it has no direct or indirect link
to seepage water from the WCAs. Due to its importance as the headwaters of the North Fork of the
New River (see Section V), the canal has been studied more extensvely by BCDPEP inthelast ten
years than other freshwater cands. Specifically, a recent investigation (BCDPEP 1999) compiled
SFWMD flow rate datathrough the S-33 and showed the structure was closed 85 percent of thetime.
Thus, the C-12 Cand typicdly is a “closed” water body which receives inputs primarily from
groundwater and stormwater depending on rainfall patterns.

The fallowing will discuss howthe cand has, at least, historically improved due primarily to the closing
of WWTP. For afiner time and space scale sampling study (deployed Hydrolab® and bi-weekly
sampling) please see BCDPEP (1999). Questions about the cana and basin brought forth by this
higtorical data andysis effort are listed to support future monitoring and resource planning.

a. Influence of WWTP Discharges

The mgor observation through this historical anays's was the dramatic improvement in water qudity
after 1988. In particular, TP concentrations decreased by two orders of magnitude from the 1970's
to the 1990's. Although TN was only monitored since 1981, it dso decreased by ardatively large
amount (typicaly > 0.75 mg/l). The large change is most likely due to ardatively smdl surface area
inthe cand being influenced by alarge volume of wastewater. Furthermore, thelack of any consstent
flow from the western areas of the county contributed to stagnation in the candl.

b. Basnwide Water Quality Characteristics (Post-WWTPs)

Gengdly, Sites17 and 18 water quality characteristicswere very smilar whichisaso likely dueto the
overdl low volume of flow inthe cand. In addition, observations of the historical C-12 data set from
1989 to 1997 are very cond stent with val ues measured bi-weekly for oneyear (BCDPEP 1999). The
magor parameter of concerninthecand isTP. Potentially, sediments within some reaches of the cand
may gill have high TP levels because of the settlement of particulates from the WWTP discharges.
Thus, C-12 sediments may aso be a source of TP to the water column may partly explain why TP
levels were il dightly elevated from 1989-1997.

A recent study found median chlorophyll a (chl @) vaue of less than 10 mg/m?® and 95" percentile
valuesjust over 20 mg/m?® over aperiod of oneyear inthe C-12 Cand (n=25; BCDPEP 1999). This
suggests that nutrient levels do not normally lead to excessive blooms (> 60 mg/n) in the waterway.
However, other factors may be limiting (e.g., light) phytoplankton populations and/or the nutrient
content though above standards was not conducive to bloom conditions. The continuing chl a
measurements by BCDPEP s quarterly monitoring program which began in 1995 should assigt in
determining long term trends.

The downstream receiving water body (North Fork of New River) has TP levels which are nearly
twice the C-12 Cand levels (see Section IV.H.5.d) and datigticaly significant differences have been
demonstrated between the two water bodies (see BCDEP 1999). Thus, the ongoing effort to bring
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more C-12 water to the North Fork of the New River would, theoreticdly, improve ambient
downstream conditions. Additionaly, a more consstent physica process of flow would potentialy
improve TP levelsin both water bodies.

Having two sSites, gpproximately 1.5 miles gpart, with smilar water qudity aso suggests site specific
drainage and land use aresmilar. With potentid hydrologica changes likely occurring in the next five
to ten years either due to locd efforts (see BCDPEP 1999) or the Everglades Restoration
(http://www.evergladesplan.org), continued sampling of both sites should be considered to monitor
changes in water quality.

c. Seasonal Patterns

Seasond observations were primarily seen for DO content and as discussed before temperature can
influence DO readings. However, the extremely low DO concentrations (< 2.0 mg/l) suggest some
localized ground water seepage occurs. The very low (500 Fmhos/cm) specific conductance vaues
observed in this study and further confirmed in 1997-1998 (BCDPEP 1999) suggest groundwater
inputs are important to the cana. Statistically sgnificant differencesin seasona FC content are likely
due to sormwater runoff into areatively stagnant water body. Nonethe ess, non-compliance with the
sngle sample standard was relaively rare in both this and other studies (BCDPEP 1999).

d. Future Monitoring Questions

One god of this report is to develop strategic guiddines for future Broward County water quaity

monitoring and management. To facilitate this, questions generated by this study’ s findings are being

compiled for each drainage basin. For the C-12 Basin and Cana, some questions have at |east been

partidly resolved with moreintensive sampling efforts (BCDPEP 1999). Somedtill exist though based

on this higoricd andyss.

1 Arethe excessve water column nutrients observed up until 1986, bound or avalable in the
sediments?

I What is sdormwater quality like entering the C-12 Cand?

1 Will cand infrastructure changes improve the levels of TP in the C-12 and downstream in the
North Fork?

1 What aelongtermchl alevesin the waterway and will they reflect recent sudies (BCDPEP
1999)?
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I. North New River Canal
1. Basn and Canal Structure

The North New River Cana (NNRC) Basin isamedium-szed drainage area of gpproximately thirty
mi2. TheNNRC isdivided into awestern (twenty-three mi2) and an eastern (seven mi?) sub-basinwith
the approximate dividing boundary at University Drive (SR 817, Cooper and Lane 1987, Figure
[11.54). Construction of the NNRC began in 1906 and was completed in 1912. The waterway was
the first in Broward County to connect to Lake Okeechobee through a series of levees and water
control gtructures. The portion within populated Broward County starts a the US-27 and 1-75
highway interchange. Due, in part, to the convergence of three WCAS, the South Florida Water
Management Didrict (SFWMD) has a complex set of water control structuresincluding, S-141, S
142, S-34, and G-123, northwest near the US-27 and 1-75 interchange.

The main western inflow of water is from the WCA 2 via the S-143 and S-34 (Cooper and Lane
1987). Additiona water from WCA 2B and/or WCA 3A may be discharged to theNNRC by S-141
and S-142, respectively through the S-34 depending on specific water eevations (Cooper and Lane
1987). In certain hydrologica conditions (see Cooper and Lane 1987), NNRC water may be
discharged through G-123 and S-142 into WCA 3A.

East of S-34, the NNRC becomes the headwaters of the Sewell Lock (G-54) which separates the
freshand estuarine sections of thewaterway. Thetidal NNRC meetsthe South Fork of the New River
goproximately four miles east of the Sewell Lock (see Section IV.H). The freshwater NNRC is a
contiguous waterway throughthewesternNNRC Basin. However, important hydrological connections
occur inthissegment. Inthewestern NNRC Basin, the S-124 normaly alowswater inthe L-35A to
be discharged to the C-13 Basin (see Section 111.G). However, during periods of flooding, the S-124
dlowswater to flow southwest into the NNRC. 1n addition, the C-42 generaly flows south of S-125
(see C-13 Bagin, Section 111.G.1) and has adirect open connection to the NNRC at Hiatus Road.

The smaller, eastern NNRC Basin overlaps the freshwater and estuarine sections of the NNRC.
However, dl drainage, via pumps or gravity, discharges into the NNRC segment east of the Sewell
Lock (i.e, estuarine). This particular stretch of the NNRC is estuarine and will be further discussed
as part of the New River Basin in Section IV.H. Mogt of the land area to the south of the NNRC
drainsto the C-11 Cand Basin (seelll.J.1). However, Bonaventure iswithin the NNRC Basin and
the Shendandoah development drains north to the NNRC during storm events (Cooper and Lane
1987).

The mgor drainage didtricts existing to the north of the cand include the Old Plantation Water Control
Didtrict and the Plantation Acres Improvement Didtrict (see Section |, Figurel.4). In particular, these
digrictshave aseries of secondary and tertiary cand sthat either withdraw from or dischargeto NNRC
depending onloca water elevations. The West Lauderdae Control Didtrict (see Figurel.4) islocated
in the northeast corner of the City of Weston and manages the Bonaventure and Shenandoah areas
(Cooper and Lane 1987).
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2. Municipalitiesand Land Use

The NNRC Basin consgts of Plantation and the western portion of Sunrise, aswell asasmdl portion
of unincorporated Broward County (see Section I, Figure 1.3). During the 1970s, the City of
Pantationgrew from just over 23,000 res dentsto amost 50,000 residents. By thelate 1980s, the city
had over 60,000 residents. From 1990 to 1995 the population grew by approximately 23%, reaching
over 78,000 residents by 1995. The population growth of Sunrise during the past 25 years has been
very smilar to Plantation’s growth. By the end of the 1980s, the population of Sunrise had reached
over 64,000, and by 1995, 74,000 people resided in the city (Broward County Planning Council
1995).

In 1977, gpproximately one-third of the NNRC Basin conssted of agricultura land use, haf of which
was improved pasture. An additiond 41% was comprised of open, or undeveloped land. The
resdential acreage (predominantly low density) of the NNRC Basin was approximately 22% of the
land use, and commercid land use comprised less than 2% of the basin (Broward County 1978).

Currently, the NNRC Basin'sland useis predominantly resdentia and commercid, especidly in the
eastern areas of thebasin. A sgnificant amount of open areaand some agricultura land remainsinthe
westernmost portions of the basin, including a regiond Broward County park (Markham Park).
Furthermore, the resdentid land use in the western areasis mogtly low dengty, single family housing.

3. Wastewater Treatment Plants Discharge History

In 1975, West Broward Utilities stopped discharging 0.350 million galons per day (mg/d) into the
North New River Canal. The City of Plantation West Plant Number 1 and Bonaventure Utilities
ceased by 1978. Gulfstream Utilities phased out WWTP discharges by 1980. Two smal facilities
(0.010 mg/d), Pediatric Care Center and Anne Storck Center were phased out by 1982 and 1984,
respectively. The find WWTPs to stop discharging into the North New River Cand by 1988 were
the City of Plantation’s North, Centrd, and South WWTPs (7.02 mgd) via the Holloway Cand that
aso could release to the northern C-12 Canal depending on operating conditions (Broward County
Environmental Qudity Control Board 1988, 1989).

4. Other Influences on Water Quality
a. Soils

The western NNRC Basin is predominantly made up of poorly drained, deep sandy soils with some
areas of limestone outcrop (see Section |, Figure 1.5). The eastern basin consists of poorly drained,
deep sandy soils with a thick organic surface layer in some areas.  These soils of the basin are
moderately to severdy limiting to building construction and development primarily due to the wetness
of the soil and high water table which creates flooding hazards (Reynolds, Smith and HillsInc. 1972).
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b. Roadways

Two major east-west roadway's, I nterstate 595/75 and State Road 84 run contiguouswiththe NNRC.
In addition, the headwaters (north of S-34) of the urban NNRC areparaleled by US27. Numerous
north south connectors aso cross the NNRC, including University Drive, Pine Idand Road, Hiatus
Road, Flamingo Road, among others.

c. Septic Tanks

The area of the Western NNRC Basin managed by Plantation Acres Improvement Didtrict is not
sarviced by a sawer system and has gpproximately a mile long stretch dong the NNRC (see
http://mww.broward.org/moi00600.htm). The easternNNRC aso has areas not serviced by sewers
but dl waters drain to the estuarine portion of the NNRC which will be discussed in Section 1V.

5. Sampling L ocations and Period

All sampling Site location information (e.g., coordinates) is shown in Appendix 1. Briefly, Ste 23 is
located at the US 27 and Interstate 75 interchange and primarily representswater qudity fromtheL-38
Cand system to the north. Site 22 isat the southwest 125™ Avenue bridge approximately eight miles
east of Site23. Site21 isimmediately west of the Sewell Lock, five mileseast of Site22. Tablell1.30
describes the years of collection for each parameter at each Ste.
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Table I11.30. Sampling Y ears for Specific Parameters at the North New River Canal Locations. A
sampling year had at least one sample event during that year. Note the biochemical oxygen
demand wasafive-day test from 1973 until 1981 when aseven-day test wasimplemented until 1993
after which sampling for the parameter ceased at BCDPEP.

Parameter Site21 Site 22 Site 23
Temperature 72,73,75-97 73-97 73-97
pH 72,73,75-97 73-97 7397
Specific Conductance 81-97 81-97 81-97
Dissolved Oxygen 72,73,75-97 73-97 7397
Biological Oxygen Demand 73,7593 7393 7393
Total Organic Carbon 81-97 81-97 81-97
Turbidity 7597 7597 7597
Total Phosphorus 75-97 74-97 74-97
Ammonia-Nitrogen 81-97 81-97 81-97
Nitrite+Nitrate-Nitrogen 81-97 81-97 81-97
Total Kjeldahl Nitrogen 81-97 81-97 81-97
Fecal Coliform 72,7597 73-97 73-97
Total Coliform 72,73,75-97 7397 7397
Fecal Streptoccocus 76-97 7697 76-97
6. Results

a. Physical Characteristics

Water temperatures were essentidly the same at dl stes with means and medians at or near 26.0 °C
(Table111.31). With the largest sample size, Site 21 dso exhibited the greatest range of data. Mean
and median pH vaues were dso very Smilar ranging from 7.5t0 7.7 at dl three Sites.

The westernmost Site 23 had mean and median specific conductance vaues over 850 Fmhaos'cm.
Sites 21 and 22 were more smilar with 750 Fmhos'cm most typically recorded (Table 111.31).
Although only asmall relative difference in specific conductance, the values do represent 18 years of
observations and the results, especidly medians, suggest Site 23'swater had dightly different specific
conductance.
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Table 111.31. Descriptive Statistics for Temperature (Temp;°C = degrees Celsius), pH, and Specific
Conductance (Cond; Fmhos = micromhos/centimeter @ 25°C) in the North New River Canal Basin. If a
sample was below the method detection limit (MDL), half of the MDL value was used in the calculation
The number of samples below the method detection limit is shown in the last column (# MDL).

Site | Parameter | unit n Median Mean SD Max Min #
MDL
21 Temp °C 345 26.0 26.0 3.6 343 150 0
22 Temp °C 156 26.1 25.6 33 32.2 17.2 0
23| Temp °C 156 26.1 25.6 33 32.7 17.8 0
21 pH units | 350 7.7 7.7 0.3 85 6.6 0
22 pH units | 157 7.5 75 0.3 8.3 6.8 0
23 pH units | 156 7.6 7.6 0.3 8.3 6.3 0
21 Cond |Fmhos| 288 750 756 106 1280 471 0
22 Cond |Fmhos| 67 750 753 87 1030 560 0
23 cond _1Fmhosl 68 291 67 143 1220 249 0

b. Total Organic Carbon and Turbidity

The basin’'s westernmogt ste (23) exhibited the highest mean, median, and maximum total organic
carbon (TOC) vaues (Tablel11.32). Ste 23'smedian vaue (29.30 mg/l) was nearly 4.00 mg/l higher
than TOC content a Sites 22 and 21. At dl stes, turbidity levels were typicdly low and normaly
within compliance of Broward County’s standard of 10 nephelometric turbidity units (ntus, Table
[11.32). Only Site 21's maximum value was above the standard but this was arare occurrence based
on the median, as well as sandard deviation values.

Tablel11.32. Descriptive Statistics for Total Organic Carbon (TOC) Concentrations and Turbidity (Turb)
Levelsin the North New River Canal Basin. If asample was below the method detection limit (MDL), half
of the MDL value was used in the calculation. The number of samples below the method detection limit
isshown in the last column (# MDL).

Site |Parameter | unit n Median Mean SD Max Min #
MDL

21 TOC mg/l 259 25.60 25.97 4.95 54.90 3.30 0

22 TOC mg/| 60 24.75 25.34 6.12 62.20 15.80 0

23 TOC mg/| 61 29.30 29.28 747 69.40 17.30 0

21 Turb ntu 340 15 2.1 18 22.0 0.6 0

22 Turb ntu 134 18 2.0 0.8 5.0 0.7 0
(231 Tub | o] 13 12 L5 L1 87 03 1 1 |
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c. Dissolved Oxygen and Biochemical Oxygen Demand

Long term mean and median dissolved oxygen concentrations were below the standard of 4.0 mg/l a
Sites23 and 22 (Table 111.33). Infact, Site 22's median dissolved oxygen concentration was below
2.0 mg/l. Interestingly, the westernmost Site (23) had long term average and median vaues more
comparable to the easternmost site (21) than Site 22. Biologica oxygen demand was essentidly the
same a dl three stes and below (i.e., within compliance) the 5.0 mg/l stlandard (Table 111.33).

Table 111.33. Descriptive Statistics for Dissolved Oxygen (DO) and Biochemica Oxygen Demand
Concentrations in the North New River Canal Basin. If a sample was below the method detection limit
(MDL), half of the MDL value was used in the calculations. The number of samples below the method
detection limit is shown in the last column (# MDL).

Site | Parameter | unit n Median Mean SD Max Min #
MDL
21 DO mg/| A7 45 45 25 117 0.1 1
22 DO mg/| 163 19 25 19 9.2 0.05 2
23 DO mg/| 155 3.8 39 19 8.9 04 0
21 BOD mg/| 320 19 2.0 10 8.9 0.3 0
22 BOD mg/| 132 18 18 0.8 4.8 0.5 0
23 BOD mg/| 131 2.0 2.0 0.8 6.0 0.8 0

Y early averages revealed a period from 1978 to 1988 of particularly low dissolved oxygen levels at
Site 22 (Figure 111.55). The City of Plantation’s WWTPs stopped discharging to the NNRC after
1988. Although vaues haveincreased since 1988, annua DO averages ill remained below 4.0 mg/l
at Site 22 through much of the nineties. Site 23 dso had severd yearswith DO vaues below 4.0 mg/l
during the post-WWTPera. With someexceptions, Site 21 had the highest annual DO concentrations,
aswdll as being the most standard compliant location.

To better understand compliance patterns within the canal, each DO reading was given arating based
on Broward County’ s water quality standards (see I11.E.5.c). In addition, the changes over time are
presented with specid reference to the closing of WWTPs within the basin (see Section 111.1.3). Site
21 exhibited the greatest improvement with a 36.7% increase in the number of good samples after
1988 (i.e.,post-WWTPs, Figurell1.56). Sites22 and 23 had poor rated samples decrease by 32.5%
and 27.8%, respectively. Nonetheless, poor rated samples were ill observed in over haf of the
combined seventy-two DO readings.

From 1989 to 1997, higher dissolved oxygen vaues were typicaly observed during the dry
(November through May, Figure111.57) than the wet season. Statigticaly significant differenceswere
observed at Sites 21(Mann-Whitney Rank Sum Test, p<0.001) and 22 (t-test, p < 0.05) but not Site
23. The power of the performed test at Site 22 (0.586) was below the desired power of 0.800 and
the gatistical analyss should be viewed cautioudy for that Ste.
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Figurelll1.55. Mean Annual Dissolved Oxygen (DO) Content Within the North New River Canal Basin from 1972 to 1997. Meansand
standard deviations (error bars) calculated from bi-weekly, monthly, and/or quarterly sampling with number of samples (n) for each year
noted on upper x-axis. To be within compliance, DO levels should be above the Broward County standard (4.0 mg/l) indicated by the

dashed line.
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Figure 111.56. Dissolved Oxygen (DO) Concentrations Observed in the North New River Cana Basin over Three Time Periods. Concentrations are
categorized in terms of compliance with the Broward County standards which state the daily average shall not be less than 5.0 mg/I and no single reading
shall be below 4.0 mg/l. All concentrations greater than or equal to 5.0 mg/l are classified as good and DO concentrations between 4.0 to 4.9 mg/l are

considered fair. Readings below 4.0 mg/l are defined as poor.
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Figure 111.56 (Cont.). Dissolved Oxygen (DO) Concentrations Observed in the North New River Canal Basin over Three Time Periods. Concentrations are
categorized in terms of compliance with Broward County standards which state the daily average shall not be less than 5.0 mg/l and no single reading shall
be below 4.0 mg/l. Concentrations greater than or equal to 5.0 mg/l are classified as good and DO concentrations between 4.0 to 4.9 mg/l are considered fair.

Readings below 4.0 mg/| are defined as poor.

c) Site21

1972,1973,1975-1980 (n=63) 1981-1988 (n=189) 1989-1997 (n=95)
52.4 %

22.1 %
254 %‘ 55.6 % 37.0 ' 73.7% A

4.2 %
19.0%
10.6 %

i




Figure 111.57. North New River Canal Basin Dissolved Oxygen (DO) Levels During Wet (June-October) and Dry (November-May) Seasons from
1989 thru 1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January

and April. The number of samples (n) over the nine year period is shown on the upper x-axis. Statistically significant differences between wet
and dry season medians were observed at Site 21 (p < 0.001, Mann-Whitney Rank Sum test), aswell as mean values at Site 22 (p < 0.05, t-test).

Significant differences were not observed at Site 23.
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d. Total Phosphorus

Long term median tota phosphorus (TP) content (0.036 mg/l) was highest at Site 21 and exceeded
the Broward County freshwater standard of 0.020 mg/l (Table 111.34). Conversely, Sites 22 and 23
had median vaues equd to haf the TP method detection limit (MDL) used to gpproximate TP content
when observations were below MDLs (i.e, < 0.020 mg/l). Mean vaues were higher than
corresponding medians due, in part, to relaively enhanced maximum TP concentrations a al three
gtes, epecidly Site 21 (4.020 mg/l).

Table 111.34. Descriptive Statisticsfor Total Phosphorus (TP) Concentrations the North New River Canal
Basin. If asample was below the method detection limit (MDL), half of the MDL value was used in the
calculations. The number of samples below the method detection limit is shown in the last column (#
MDL).

Site |Parameter | unit n Median Mean SD Max Min #
MDL
21 TP mg/l 333 0.036 0.071 0.236 4.020 0005 | 101
22 TP mg/| 137 0.010 0.035 0.101 0.962 0.010 77
23 P mo/l 137 0.010 0.045 0.132 1.200 0.005 77

Annua mean TP concentrations reveded much higher TP values before 1989 than afterwards at Site
21 (Figure 111.58) While extreme vaues were more prevaent before 1989 at Sites 22 and 23, most
values before and after WWTP dischargeswererdatively smilar at thesestes. During the 1990s, the
period of 1990 to 1992 showed relatively el evated concentrationsas compared to 1993 through 1997,
especidly at Site 23.

To better understand compliance patterns within the cana, each TP reading was given arating based
on Broward County’ s water quality standards (see Section 111.E.5.d). In addition, the changes over
time due to the closing of WWTPs within the basin were investigated (see Section 111.1.4). For Sites
22 and 23, the amount of good TP samples decreased through time by at least thirty percent (Figure
[11.59). The main increase through time at Sites 22 and 23 was in the amount of fair samples, as poor
rated samplesremained relatively consstent. Conversaly, Site 21 exhibited a65.4% decreasein poor
rated samples and a 45.3% increase in good samples by the fina period. Despite the disparity in
tempora patterns, overall compliancewiththe TP standard (i.e., good samples) wasrel aively thesame
at three sites from 1989-1997.

Observations from 1989-1997 reveded statistical differences between wet and dry seasons a Sites
22 and 23 (p < 0.01 and 0.05, Mann-Whitney Rank Sum Test, respectively) but not Site 21 (Figure
111.60). Dry season medians wereat or above the Broward County standard (i.e., out of compliance)
while wet season values were not at dl sStes. However, most TP observations in the basin were less
than 0.050 mg/l.
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Figure[11.58. Annual Mean Total Phosphorus (TP) Levels Within the North New River Canal Basin from 1974 to 1997. Means and standard
deviations calculated from biweekly, monthly, and/or quarterly samples with the number of samples (n) noted on the upper x-axis. The Broward
County single sample standard (0.020 mg/l) isindicated by the dashed line. Numbersin parentheses represent standard deviation outside range of graph.
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Figure111.59. Tota Phosphorus (TP) Concentrations Observed in the North New River Canal Basin over Three Time Periods. Concentrations
are categorized in terms of compliance with the Broward County freshwater TP standard of 0.020 mg/l. The percentage of samples below 0.020
mg/l are classified asgood. A fair rating was given to concentrations between 0.021 mg/l to 0.060 mg/l. Values greater than three times the

standard (i.e., 0.060 mg/l) are classified as poor.
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Figure 111.59 (Cont.). Total Phosphorus (TP) Concentrations Observed in the North New River Canal Basin over Three Time Periods.
Concentrations are categorized in terms of compliance with the Broward County freshwater TP standard of 0.020 mg/l. The percentage
of samples below 0.020 mg/l are classified asgood. A fair rating was given to concentrations between 0.021 mg/l to 0.060 mg/l. Vaues

greater than three times the standard (i.e., 0.060 mg/l) are classified as poor.
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Figure 111.60. North New River Canal Basin Total Phosphorus (TP) Levels During Wet (June-October) and Dry (November-May) Seasons from
1989 thru 1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January
and April. The number of samples (n) over the nine year period is shown on the upper x-axis. Statistically significant differences between wet
and dry season medians were observed at Sites 22 and 23 (p < 0.01 and 0.05, respectively; Mann-Whitney Rank Sum test) but not at Site 21.
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e. Total Nitrogen

Total nitrogen levelsare ca culated from the total Kjeldahl nitrogen (TKN) and nitritet+nitrate-nitrogen
(NO,+NO;) concentrations. All three NNRC sites exhibited long term mean and median TN vaues
above the Broward County standard (1.500 mg/l, Table 111.35). Interestingly, long term mean TN
concentrations were less than median vaues dl three Sites.

The TKN concentrations represented 84% of median TN levels at Site 23 but comprised over 95%
of TN at Sites 22 and 23. Thus, NO,+NO;-nitrogenlevelsreflected the same spatid pattern with the
highest values being observed at Site 21 and relatively low concentrations (particularly medians) seen
at Stes 22 and 23. Median ammonia-nitrogen levels were enhanced (0.418 mg/l) at Site 22, which
is congstent with the low DO levels recorded there over the same period (see Section 111.1.5.¢.).

Table111.35. Descriptive Statisticsfor Nitrite-Nitrate Nitrogen (NO,+NO;), Ammonia-Nitrogen (NH,), Total
Kjeldahl Nitrogen (TKN), and Total Nitrogen (TN) Concentrations in the North New River Canal Basin.
If asamplewas bel ow the method detection limit (MDL), half of theMDL valuewas used in the cal cul ation.
The number of samples below the method detection limit is shown in the last column (# MDL). Total
nitrogen was cal culated as the sum of TKN and NO,+NO,.

Site | Parameter | unit n Median Mean SD Max Min #
MDL
21 | NO,+NO, | mg/l 288 0.161 0.210 0.186 1.120 0.005 28
22 | NO,+NO, | mg/l 67 0.050 0.071 0.060 0.346 0.005 5
23 | NO,#NO; | mg/l 70 0.047 0.074 0.092 0.470 0.005 12
21 NH, mg/I 263 0.099 0.200 0.223 1440 0.005 78
2 NH, mg/I 61 0.418 0.402 0.245 0.823 0.005 3
23 NH, mg/| 61 0.177 0.243 0.199 0.880 0.005 7
21 TKN mg/I 283 1490 1511 0.346 2.610 0.020 1
22 TKN mg/I 64 1.705 1.601 0.374 2.140 0.604 0
23 TKN mg/! 65 1.740 1.598 0.428 2.300 0421 0
21 TN mg/I 283 1774 1720 0.379 2.819 0181 | N/A
22 TN mg/I 64 1.768 1672 0377 2.238 0699 | N/A
23 TN mo/l 65 1810 1672 0.445 2.630 0486 | N/A

Basinwide, yearly TN means were generdly higher in the 1980'sthen the 1990'sand dl stesnormally
had smilar tempord patterns (Figure 111.61). However, the early 1990's did have values comparable
to WWTP discharge years (i.e., before 1989). The final three years of measurements showed a
marked decrease at al sites with annual averages being below the 1.500 mg/l standard.

To further understand compliance patterns within the candl, each TN sample was given arating based
onBroward County’ swater quality standards (see Section |11.E.5.€). Additiondly, changesover time
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Figurell1.61. Annual Mean Total Nitrogen (TN) Levels Within the North New River Canal Basin from 1981 to 1997. Means and standard

deviations (error bars) calculated from bi-weekly, monthly, and/or quarterl
upper x-axis. The Broward County standard (1.500 mg/l) isindicated by t

sampling with number of samples (n) for each year noted on
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were investigated based on the closng of WWTPs within the basin (see Section 111.B.3). All three
NNRC stes redized nearly a 50.0% increase in good samples by the final period of 1993 to 1997.
However, an interesting pattern was seen immediately after WWTPs ceased discharging (1989-1992)
when either little (Site 23) or lower levels (Site 22 and 21) of change were observed than seen for
1993 through 1997.

Statistical seasona differences in TN content were not observed at any site (Figure 111.63). Both
seasonal mediansfor Sites 22 and 23 were above (i.e., out of compliance) the Broward standard while
only Site 21's dry season, median TN exceeded 1.500 mg/l. Based on both the annua averages
(Figure 111.61) and the pie chart andysis (Figure 111.62), the relatively high TN values (median, 75"
percentile, etc.) seen on the box plots primarily represent the period of 1989 through 1992.

f. Bacteriological Parameters

Fecd coliform (FC), tota coliform (TC), and fecal streptococcus (FS) levels were the bacteriological
parameters measured in the NNRC. Median FC values were relatively smilar throughout the study
areaand dmogt an order of magnitude below (i.e., within compliance) the angle sample standard of
200 colonies/100ml (Tablell1.36). Median TC and FSvaduesweredsordaively low, athough Sites
22 and 23 had relatively higher median FS valuesthan Site 21. Currently, a standard does not exist
for FS.

Table111.36. Descriptive Statistics for Fecal Coliform (FC), Total Coliform (TC), and Fecal Streptococcus
(FS) inthe North New River Canal Basin. If asample was belowthemethod detectionlimit (MDL), half of
the MDL value was used in the calculation. The number of samples below the method detection limit is
shown in the last column (# MDL) and the unit of measurement is colonies/100 ml (col).

Site | Parameter | unit n Median Mean SD Max Min #
MDL

21 FC col 340 30 3 284 4000 35 65
22 FC col 149 37 348 3028 37000 35 16
23 FC col 149 22 182 1031 12000 35 31
21 TC col 346 170 979 5263 80000 5 24
22 TC col 158 370 1344 6770 80000 12 6
23 TC col 158 300 933 2511 25000 15 3
21 FS col 330 73 385 1542 21000 5 71
22 FS col 124 165 397 678 5500 5 9
23 FS col 125 200 1326 9034 100000 5 6
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Figure111.62. Total Nitrogen (TN) Concentrations Observed in the North New River Canal Basin over Three Time Periods. Vaues are categorized
in terms of compliance with the Broward County TN standard of 1.500 mg/l. The percentage of samples equal to or below 1.500 mg/l are classified
asgood. A fair rating was given to concentrations between 1.501 mg/l to 2.500 mg/l. Values greater than 2.500 mg/| are classified as poor.
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FigureI11.62 (Cont.). Total Nitrogen (TN) Concentrations Observed in the North New River Canal Basin over Three Time Periods. Vauesare
categorized in terms of compliance with the Broward County TN standard of 1.500 mg/I. The percentage of samples equal to or below 1.500 mg/I
are classified asgood. A fair rating was given to concentrations between 1.501 mg/l to 2.500 mg/l. Values greater than 2.500 mg/l are classified

as poor.
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Figure 111.63. North New River Canal Basin Total Nitrogen (TN) Levels During Wet (June-October) and Dry (November-May) Seasons from
1989 thru 1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January
and April. The number of samples (n) over the nine year period is shown on the upper x-axis. Statistically significant differences between wet
and dry season means and/or medians were not observed at any site.
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Due to thelargeamount of variability around the mean, yearly box plotswere plotted for feca coliform
(FC) instead of the mean (Figure 111.64). All annua medians were below 800 colonies/200 ml and
values above 200 colonies/100 ml were rare. A few 75" percentile data, particularly at Site 22, were
above the monthly FC sample standard (200 colonies/100 ml).

To improve the knowledge of compliance patterns within the NNRC, each specific samplewas given
arating based on three different Broward County water quality standards (see Section 111.E.5.f). and
the closing of WWTPswithin thebasin wasaddressed (see Section 111.1.3). Each sitehad at least 75%
good rated samples during al periods and the occurrence of poor rated samples (> 800 colonies/100
ml) wasrare (Figure 111.65). Only Site 22 showed a negetive tempord pattern with the amount of fair
samplesincreasing from 4.9% in the first period (1973-1980) to 21.6% by 1989 through 1997.

Statistical differences were observed for 1989-1997 seasona median FC valuesa Sites 21, 22, and
23 (Mann-Whitney Rank Sum Test, p < 0.001, < 0.005, and 0.05, respectively; Figure 111.66).
However, no medians were above 200 colonies/100 ml and only Site 22's 95" percentile vaue was
above the single sample standard of 800 colonies/100 ml.

7. Basn Summary

The freshwater NNRC is a contiguous waterway from the WCA tailwaters to an estuarine discharge
point. Inthisstudy, Site 23 represents the initial water quality from upstream of the S-34 and Site 21
defines water leaving the freshwater NNRC via the G-54 to the estuarine reaches of the waterway.
Site 22 describes the parameters gpproximately half way between Sites 21 and 23. Thefollowing will
describe differences and similarities between these NNRC segments, as well as discuss WWTP and
seasond influences. Findly, questions for future monitoring and management are posed.

a. Influence of WWTP Discharges

The end of WWTPswasmost readily seen at Site 21 which showed dramatic improvementsin TPand
DO levelsascompared to local standards. Inaddition, TN levelsimmediately improved after WWTP
discharges stopped as compared to the western sites (22 and 23) which demongtrated an apparent lag
effect likely due to other independent influences (eg., rainfal levels). The geographica proximity of
WWTPsto Site 21 dso explains why the Site exhibited the most substantial changes.

b. Basnwide Water Quality Characteristics (Post-WWTPs)

Based on DO and TN vaues, Site 21 generdly had the best water quaity within the NNRC after
WWTPs halted discharges. The continued low DO vaues at the western sites (22 and 23) arelikely
due to the seepage waters from the WCAs. Additiondly, the dightly higher TN values may aso be
indicative of the western water sources. However, an increase in DO levels observed at these Sites
during the entire 1990's suggests some hydrologica changes may have occurred either due to rainfdl
and/or management practices.
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Figurelll.64. Yearly Box Plots of Fecal Coliform (FC) Levelswithin the North New River Canal Canal Basin from 1972 to 1997.
Medians and percentiles calculated from bi-weekly, monthly, and/or quarterly samples with the number of samples (n) per year noted
on the upper axis. The Broward County single sample standard (800 colonies/100 ml) isindicated by the dashed line. Numbersin
parentheses represent 75th percentile values that extend beyond the y-axis scale.
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FigureI11.65. Fecal Coliform (FC) Concentrations Observed in the North New River Canal Basin over Three Time Periods. Concentrations
are categorized in terms of compliance with the Broward County FC standards which state the monthly average shall be equa to or less than
200 colonies/100 ml (good rating) and no single reading shall be above 800 colonies/100 ml (poor rating). Values between 201 and 800 colonies/

100 ml are defined as fair.
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Figure111.65 (Cont.). Fecal Coliform (FC) Concentrations Observed in the North New River Canal Basin over Three Time Periods.
Concentrations are categorized in terms of compliance with the Broward County FC standards which state the monthly average shall

be equal to or less than 200 colonies/100 ml (good rating) and no single reading shall be above 800 colonies/100 ml (poor rating). Vaues
between 201 and 800 colonies/100 ml are defined asfair.
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Figure 111.66. North New River Canal Basin Fecal Coliform (FC) Levels During Wet (June-October) and Dry (November-May) Seasons from
1989 thru 1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January
and April. The number of samples (n) over the nine year period is shown on the upper x-axis. Statistically significant differences between wet
and dry season medians were observed at Sites 21, 22, and 23 (p < 0.001, p < 0.005, and p < 0.05, respectively; Mann-Whitney Rank Sum test).
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All stesdisplayed relatively low (< 0.020 mg/l) TP levels during 1993 to 1997 which was near or &
standard compliance levels. However, the period immediately after WWTPs (1989-1992) was
characterized by levelsas high or higher than some WWTP discharge years, especidly a Sites 22 and
23. Similarly, some of the highest post-WWTP TN concentrations were seen during the same time
period at Sites 23 and 21 and to alesser extent at Site 22. Potentidly, this pattern may relate to the
low rainfal period of 1988 through 1990. Although, it would appear a lag effect occurred if this
explanation is vaid because of the relaively high TP content observed in 1991 and 1992.

Overdl, FC vdues were typicdly low and well within standard compliance. However, Site 22 did
exhibit someannua 75" percentilevaluesthat were rdatively devated above 200 colonies/ 100 ml but
bel ow the 800 colonies/ 100 ml standard.

c. Seasonal Differences

As observed throughout most of the Sites in the county, dry season DO vaues were higher than wet
season due, in part, to temperature. The extremely low (< 2.0 mg/l) vaues, especidly in the wet
season also suggest seepage water is entering the cana and affecting DO readings. The lack of
datigtica difference a Site 23 may be reflective of a more consistent water input source (e.g., WCA
groundwater seepage) year round.

Interestingly, datisticd differencesin TP were observed with dry season vaues being higher than wet
season at Sites 22 and 23 while no seasond pattern was observed for total nitrogen. Potentialy, the
dry season dlows for more stagnation and evaporation which concentrates the TP in the cands. In
addition, lower volumesof WCA seepagewater withrelatively low TP concentrationsenter theNNRC
during dry periods than wet. Conversdly, FC vaues were satisticaly higher during the wet season
which islikely due to sormwater runoff.

d. Future Monitoring Questions

A magor god of this report isto develop strategic guidelines for future Broward County water quaity
monitoring and management. To fadilitate this, questions generated by this study’ s findings are being
compiled for each drainage basin. For the North New River Cana and Basin, the main questions
revolve around TP levels around an apparent change in the post-WWTP cand between 1989-1992
and 1993-1997.

C Arenutrient concentrations from 1993-1997 or from 1989-1992 more reflective of ambient
TP levesin the cand?

C Arethe differencesin TP content between 1993-1997 versus 1989-1992 due to weather,
land-use, water management, or a combination?

C Throughout the cana are nutrient concentrations creating a problemin water column biology
(e.g., chlorophyll a) and/or macrophytes?

C Wha issormwater qudity like entering the cand and its tributaries?
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J.C-11 Cana
1. Basn and Canal Structure

With an area of 104 mi?, the C-11 Cand Basinisthe largest basin located entirely within the county.
The basin isin southwest Broward County and is divided into western (81 mi?) and eastern (23 n)
basins (Cooper and Lane 1987; Figure 111.67). The S-13A effectively divides the C-11 Cand into
typicaly western and eastern flowing segments that correspond to the respective western and eastern
basins. Elevation and subsequently the amount of flow westward is controlled by the S-9 pump
structure while the eastern waterway’ s elevation and flow is controlled by the S-13 which has both
pump and gravity flow capacity. During certain hydrologica conditionsthe S-13A may be opened to
dlowwestern C-11 Basin water to flow to the east, in order to maintain barriersto sat water intrusion
or for flood protection (Cooper and Lane 1987).

The S-9isathreeunit pump system (960 cubic feet per second capacity) that back pumps C-11 Cand
water to the WCA 3A (Cooper and Lane 1987). Water may aso arrive from the northern L-37
Cand via S-9XN which primarily collects seepage from WCA 3A. The L-37 Canal does not make
anorthern connection to the North New River Cand. The L-33 is south of S-9and connectsto the
C-9 Canal (see Section 111.K). Flow direction (north or south) in the L-33 is dependent on the S
9XS, S-30, and S-32. However, norma operations have the WCA 3A’ s seepage water inthe L-33
flowing south to the C-9 Cana (Cooper and Lane 1987). Two gates also exist aong the US 27
drainage ditch that is oriented in a north-south direction east of the S-9. The G-86N and the G-86S
are gated culvertsthat control the water eevation in the north and south drainage ditches, respectively.
Within the southeast section of the Western C-11 Basin, the C-11S normdly flows north aong
Hamingo Road into themain C-11 Cand. The G-87 isthe drainage divide between the C-11 and C-9
Basins.

Four independent drainage digtricts (see Section I, Figure 1.4) oversee the basn’'s secondary and
tertiary cands that eventudly release to the South Florida Water Management Didtrict’s (SFWMD)
C-11 Cand. The Centra Broward Drainage Digtrict manages the vast mgority of the eastern sub-
basin and dso exigts in the large portions of the western sub-basin. The Tindell Hammock Drainage
Didtrict isin the northeast corner of the eastern C-11 sub-Basin. The South Broward and the Indian
Trace Drainage Didtricts are on the south and north sides, respectively, of the western sub-basin.

2. Municipalitiesand Land Use

The C-11 Cand Basinispartialy encompassed by the Town of Davie, Cooper City, the northern half
of City of Pembroke Pines, awestern section of the City of Hollywood, and unincorporated Broward
County (see Section I, Figure 1.3). In recent years, the City of Pembroke Pines had some the fastest
growth in the county going from 53,706 residents in 1987 to 101,307 by 1995 (Broward County
Planning Council 1995). Hollywood remained the second largest city in Broward, going from over
124,000 to 138,000 residents over the same period. The Town of Davie had 51,230 residents and
Cooper City had 23,146 people in 1995. In addition, the Weston became an officid city in 1996
towards the end of the current study era (1997).
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By the end of the 1970's, the land in the C-11 Cana Basin was predominantly open (42%) or in
agricultura use (38%). Theremainder of theland usewas comprised of low density residentia (18%),
and less than 2% of the basin was used for commercid or industria uses (Broward County Planning
Council 1977). During the 1980s and early 1990s, the westward expansion of the popul ation resulted
in the urban development of many areas of the C-11 Basin. For example, from 1989 to 1995 the
Town of Davie experienced a 32% decline in vacant land. Residentia land use increased from 27%
to approximatdy 38%, with the mgority of the acreage conssting of estate or sngle family homes.
Other land uses such as commercid, indudtria, and agriculture remained fairly congtant. The amount
of vacant or undeveloped land declined by approximately 50%, while residentia land use increased
from47% to 55% of the total land area. Commercia and industrid land use dso increased from 7%
in 1989 to 12% in 1995 (Broward County Planning Council 1995). Although there is not a large
amount of crop cultivation in Broward County, southwest Broward, has seen asignificant trend in the
development of plant nurseries (South Horida Regiona Planning Council 1990).

3. Wastewater Treatment Plants Discharge History

In June of 1983, the Modern Mobile Home was the first WWTP to cease discharging into the C-11
Cand. The Cooper City East Plant (after 1988, the Hollywood Lakes Country Club (0.05 mgd)
stopped discharging into the C-11 Cand viathe North Fork of the C-9 Cand. The Town of Davie's
Pant 1 (0.96 mgd) aso halted WWTP dumping practicesin 1988 viathe N-5 Cana in the eastern sub-
basin.

4. Other Influences on Water Quality
a. Soils

The western portion of the C-11 Basin consists of poorly drained peats and muck soils, as well as
poorly drained deep sandy soils (see Section |, Figure 1.5). The eastern area of the basin
predominantly has poorly drained deep sandy soils with thick black surface layers (Reynolds, Smith
and HillsInc. 1972).

b. Roadways

Two mgor roads (Griffin Road and Orange Drive) run pardle aongamaority of thecand’ sshordine.
In addition, severd north/south oriented roads (e.g., Forida Turnpike and University Drive) crossthe
cand. Currently, seventy-six sormwater outfalls (BCDPEP Geographica Information System
database, unpublished), primarily associated with these roadways, discharge directly into the C-11
cand. Almog hdf (thirty-six) areat least 15inchesin diameter. Thesurrounding C-11 Basin (east and
west) has an additional one hundred and seventy-four outfdls that discharge into secondary and/or
tertiary canals before eventua discharge into the C-11 Candl.

c. Septic Tanks

Both C-11 sub-basins are characterized by large areas of no sewer service based on a 1993 survey
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(http://www.broward.org/moi00600.htm). However, these basins, in particular the western C-11
Basn, have experienced the most rapid growth over lagt five years which has led to new sewer
infragtructure. At thetime of thiswriting, an updated analysis of septic tank coverage county-wide had
not been performed. Severd areas (e.g., Southwest Ranches), are still characterized by septic tanks
as amechanism for wastewater disposa. However, the basnwide influence of septic tanks will be
difficult to determine until an update is performed.

5. Sampling L ocations and Period

Three C-11 sampling sites (27-29) are monitored by the BCDPEP and | sites arelocated west of the
S-13 water control structure (Figure 111.72). Globa Position System coordinates and specific Ste
descriptions are given in Appendix 1.

Site 27 exigsin the eastern sub-basinimmediately west of the S-13 structure (Figurelll.67). Located
at the Flamingo Road bridge, Site 28 iswest of S-13A and isthe central most Stealongthecand. Site
28 a so representswater quality in the eastern extent of thewestern C-11 sub-basin. Site29islocated
at the western end of the cand and is immediatdly east of the S-9 structure at the US 27 highway
bridge.

Table11.37. Sampling Y ears for Specific Parametersat the C-11 Canal Locations. A sampling year had
at least one sample event during that year. Note the biochemical oxygen demand wasafive-day test
from 1973 until 1981 when a seven-day test was implemented until 1993 after which sampling for the

parameter ceased at BCDPEP.

Parameter Site 27 Site28 Site 39
Temperature 7397 72-97 73-97
pH 7397 72-97 7397
Specific Conductance 81-97 81-97 81-97
Dissolved Oxygen 7397 72-97 7397
Biological Oxygen Demand 7393 7393 7393
Total Organic Carbon 81-97 81-97 81-97
Turbidity 7597 7597 7597
Total Phosphorus 7597 74-97 74-97
Ammonia-Nitrogen 81-97 81-97 81-97
Nitrite+Nitrate-Nitrogen 81-97 81-97 81-97
Total Kjeldahl Nitrogen 81-97 81-97 81-97
Fecal Coliform 73-97 72-97 73-97
Tota Coliform 7397 72-97 73-97
Fecal Streptoccocus 76-97 76-97 76-97
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6. Results
a. Physical Characteristics

Mean and median water temperatures were essentidly the same at al three C-11 Cand stes (Table
111.38). Site 27 had awider range of temperature than Sites 28 and 29 but had over twice as many
obsarvations. Long term average and median pH readings were dso similar at dl stes, ranging from
7.3t07.5.

Smdl differencesin specific conductance val ues were observed between the eastern (Site 27) and the
western sub-basins (Sites 28 and 29, Table I11.38). From 1981 until 1997, Site 27 exhibited mean
and median specific conductance va ues be ow 700 Fmhos/centimeter (Fmhos/cm). During the same
period, Sites 28 and 29 were characterized by means of 764 and 818 Fmhos/cm, as well as medians
of 758 and 820 Fmhaos/cm, respectively.

Tablel11.38. Descriptive Statistics for Temperature (Temp; C=Celsius), pH, Specific Conductance (Cond;
Fmhos = micromhos/centimeter @ 25°C) in the C-11 Canal Basin. If a sample was below the method
detection limit (MDL), half of the MDL value was used in the calculation. The number of samples below
the method detection limit is shown in the last column (# MDL).

Site | Parameter | unit n Median Mean SD Max Min #
MDL
27 Temp °C 370 26.0 25.7 3.5 33.0 14.0 0
28 Temp °C 162 26.0 255 31 315 17.0 0
29 Temp °cC 149 26.0 252 24 305 20.0 0
27 pH units 377 7.5 75 0.3 84 6.4 0
28 pH units 161 75 75 0.3 81 6.3 0
29 pH units 148 74 7.3 0.2 79 6.6 0
27 Cond |Fmhos| 284 630 685 100 1330 336 0
28 Cond [|Fmhos| 68 758 764 91 950 510 0
29 Cond |Fmhos| 65 820 818 70 970 600 0

b. Total Organic Carbon and Turbidity

Tota organic carbon (TOC) mean and median concentrationswerefairly smilar between dl threesites
ranging from 23.72 mg/l (Site 28) to 26.66 mg/l (Site 27; Table 111.39). Ste 27 exhibited thewidest
range due to an eevated maximum concentration (82.60 mg/l).

At dl stes turbidity levels were typicdly low and normdly within compliance of Broward County’s
standard of 10 nepheometric turbidity units (ntus, Table 111.39). Maximum vaues were equd to or
above the standard at each site but these were rare observations based on the median, as well as
dtandard deviation vaues.
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Table111.39. Descriptive Statistics for Total Organic Carbon (TOC) Concentrations and Turbidity (Turb)
Levelsinthe C-11 Canal Basin. If asample was below the method detection limit (MDL), half of the MDL
value was used in the calculation. The number of samples below the method detection limit is shown in
thelast column (# MDL).

Site | Parameter | unit n Median Mean SD Max Min #
MDL
27 TOC mg/! 262 26.20 26.66 5.96 82.60 7.40 0
28 TOC mg/| 62 24.65 2372 457 32.70 12.90 0
29 TOC mg/I 59 25.80 24.93 451 35.50 14.60 0
27 Turb ntu 356 25 29 15 12.0 0.8 0
28 Turb ntu 135 23 31 34 280 038 0
| 29 Turb ntu 125 2.8 3.3 17 10.0 0.8 0

c. Dissolved Oxygen and Biochemcial Oxygen Demand

Long term mean and median dissolved oxygen (DO) concentrations were al below the Broward
County single sample stlandard of 4.0 mg/l (i.e., out of compliance; Table [11.40). In particular, the
western sub-basin sites (28 and 29) exhibited DO values below 3.0 mg/l with Site 29 having ten
samples below the method detection limit. Biochemicd oxygen demand median and mean
concentrations were fairly smilar a al stes and were below (i.e., within compliance) of the county’s
standard of 5.0 mg/l (Table 111.40).

Tablell1.40. Descriptive Statisticsfor Dissolved Oxygen (DO) and Biochemica Oxygen Demand (BOD)
Concentrationsin the C-11 Canal Basin. If asample was below the method detection limit (MDL), half of
the MDL value was used in the calculations. The number of samples below the method detectionlimitis
shown in the last column# MDL).

Site |Parameter | unit n Median Mean SD Max Min #
MDL
27 DO mg/| 372 34 3.7 20 111 0.3 0
28 DO mg/l 163 20 24 17 75 0.20 0
29 DO mg/| 148 12 16 15 94 0.025 10
27 BOD mg/l 348 20 24 13 119 0.8 0
28 BOD mg/| 133 14 17 16 180 04 0
| 20 BOD ma/l 123 2.0 2.0 0.9 5.0 0.7 0

The western C-11 sub-basin (Sites 28 and 29) exhibited generdly higher yearly DO averagesin the
1990's compared to the previousdecades (Figurell1.68). Inparticular, Site28'sannua averageswere
within compliance with the standard of 4.0 mg/l four times in the 1990's but never in the 1970's or
1980's. From 1995 to 1997, Site 29 showed exceptional increasesin DO content athough 1996 was
characterized by high variability around the mean (3.7 + 4.0 mg/l). While Site 27 generdly had the
highest annua DO content in the C-11 Cand, most years were either below or around the 4.0 mg/l
leve.
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Figure I11.68. Annual Mean Dissolved Oxygen Content Within the C-11 Canal Basin from 1972 to 1997. Means and standard deviations (error
bars) calculated from bi-weekly, monthly, and/or quarterly sampling with number of samples (n) for each year noted on upper x-axis. The
Broward County standard (4.0 mg/l) isindicated by the dashed line.
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To further understand compliance patterns within the cand, individua DO observationswereratedin
relaionto Broward County’ swater quality standards (see Section I11.E.5.¢). Inaddition, theinfluence
of WWTP discharges was looked into by separating data into different periods (see Section 111.J.3).
Within the C-11 Cand, the eastern sub-basin (Site 27) exhibited the highest percentage of good
samples (> 5.0 mg/l) through each period (Figure 111.69). However, 39.2% of poor rated samplestill
existed during the period after WWTP discharges (1989-1997). The percentage of dissolved oxygen
samples achieving standard compliance was low in the western sub-basin, especiadly a Ste 29,
however, some improvements were observed over the last eight years.

From 1989 to 1997, DO readings above (within compliance) the 4.0 mg/l standard were not readily
observed at Site 28 and to an even lesser extent at Site 29 (Figure 111.70). Site 27's dry season DO
content was conversdy very compliant with the standard but the wet season observations were not.
Site 27 had the only statistica significant difference between seasons (t-test, p < 0.001).

d. Total Phosphorus

For the entire study period, Site 27 was characterized by exceptionaly higher total phosphorus (TP)
concentrations than the western sub-basin (Sites 28 and 29; Table11.41). Both long term median and
mean TP concentrations were above 0.100 mg/l at Site 27 but never reached over 0.050 mg/l a Sites
28 and 29. The amount of samples below the method detection limit (MDL) was 55.4% and 46.0%
for Sites 29 and 28, respectively. Only 8.1% of Site 27's three hundred fifty-seven samples were
below the MDL.

Table I11.41. Descriptive Statisticsfor Total Phosphorus (TP) Concentrationsinthe C-11 Canal Basin. TP
calculations represent twenty-four years of sampling at Sites28 and 29, while Site 27 hasbeen sampled for
twenty-three years. However, the number of samples (n) varies between sites. If asamplewasbelow the
method detection limit (MDL), half of theMDL valuewasused in the cal culations. The number of samples
below the method detection limit is shown in the last column (# MDL).

Site | Parameter | unit n Median Mean SD Max Min #
MDL

27 TP mg/| 357 0.123 0.129 0.096 0.992 0.010 29

28 TP mg/| 139 0.020 0.045 0.098 0.900 0.010 64
| 20 TP ma/l 128 0,013 0,027 0,033 0.239 0,010 71

Annud TP averages were typicaly much higher at Site 27 than observed for Sites 28 and 29 (Figure
111.71). Site27 yearly mean TP vaueswere normaly above 0.120 mg/l from 1975 to 1987 but never
exceeded 0.090 mg/l after 1987. Site 29 exhibited the lowest TP concentrations in the basin,
particularly from 1993 to 1997 when yearly averageswere near or below (i.e., within compliance) the
county standard of 0.020 mg/l. The lowest TP levels at Site 28 were aso from 1993 to 1997.
Interegtingly, relatively elevated TP concentrations were observed at Sites 28 and 29 even though
WWTP discharges had ceased.
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Figure 111.69. Dissolved Oxygen (DO) Concentrations Observed in the C-11 Canal Basin over Three Time Periods. Concentrations are
categorized in terms of compliance with the Broward County standards which state the daily average shall not be less than 5.0 mg/l and

no single reading shall be below 4.0 mg/l. All concentrations greater than or equal to 5.0 mg/l are classified as good and DO concentrations
between 4.0 to 4.9 mg/l are considered fair. Readings below 4.0 mg/l are defined as poor.
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Figure 111.69 (Cont.). Dissolved Oxygen (DO) Concentrations Observed in the C-11 Canal Basin over Three Time Periods. Concentrations
are categorized in terms of compliance with the Broward County standards which state the daily average shall not be less than 5.0 mg/l and
no single reading shall be below 4.0 mg/l. All concentrations greater than or equal to 5.0 mg/l are classified as good and DO concentrations
between 4.0 to 4.9 mg/l are considered fair. Readings below 4.0 mg/l are defined as poor.
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Figurelll.70. C-11 Canal Basin Dissolved Oxygen (DO) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989
thru 1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January

and April. The number of samples (n) over the nine year period is shown on the upper x-axis. Statistically significant differences between
wet and dry season means was observed at Site 27 (p < 0.001, t- test) but not at Sites 28 and 29. Site 27 (Eastern C-11 Basin) is distinctly

separated from Sites 28 and 29 (Western C-11 Basin).
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Figurelll.71. Annual Mean Tota Phosphorus (TP) Levels Within the C-11 Canal Basin from 1974 to 1997. Means and standard deviations
(sd; error bars) calculated from biweekly, monthly, and/or quarterly samples with the number of samples (n) per year noted on the upper x-axis.
The Broward County freshwater standard (0.020 mg/l) isindicated by the dashed line.
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To further investigate compliance patterns within the cand, al individua samples were rated in terms
of Broward County’ s TP standard (0.020 mgy/l, see Section 111.E.5.d). In addition, changes over time
wereinvestigated with specia referenceto the closing of WWTPswithinthebasin (see Section111.J.3).
Both Sites 28 and 29 exhibited an initid decrease in water qudity through time (1984 thru 1988)
followed by an improvement after 1988 (last year of WWTP discharge, Figure 111.72). This pattern
was most distinct at Site 28. Site 27 had the C-11's highest percentage of poor ratings during each
period but realized a43.5% decreasein poor samplesby thefind timeframe (1989-1997). Yet, only
9.3% of Site 27's TP samples were within compliance of the 0.020 mg/l standard between 1989 and
1997 despite the stoppage of WWTP discharges into the canal.

Between 1989 and 1997, asignificant difference was observed between Site 27's dry and wet season
median TP concentrations (Mann-Whitney Rank Sum Test, p < 0.001) but not at Sites 28 and 29
(Fgure111.73). Site 27's dry season TP concentrations also displayed a wider range of values than
observed for thewet season. Furthermore, dmost all wet and dry season valueswere abovethe 0.020
mg/l standard at Site 27. Conversdy, Site 28 and 29 median observations were below (i.e.,, within
compliance) the standard.

e. Nitrogen

Tota nitrogen (TN) levels are calculated from the total Kjeldahl nitrogen (TKN) and nitrite+nitrate-
nitrogen (N O,+NQO5) concentrations. Sites 28 and 29 (western sub-basin) were characterized by very
amilar TN content (gpproximately 1.600 mg/l) while the cand’ s highest mean and median TN vaues
were observed at Site 27 (eastern sub-basin; Table 111.42). Furthermore, al C-11 Cand long term
mean and median TN vaues were above the Broward County standard (1.500 mg/l).

Totd Kjeldahl nitrogen represented just over 80.0% of mean TN levels at the eastern most Site (27)
and increased to over 90% at the canal’s western extent (Site 29; Table 111.42). Conversdy,
NO,+NO; content decreased moving westward from Site 27 which had elevated levels (> 0.400
mg/l). Ammonia-nitrogen concentrationsweretypicaly higher at the C-11 cand’ seastern and western
boundaries (Sites 27 and 29, respectively) and lowest in the center (Site 28).
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Figurelll.72. Total Phosphorus (TP) Concentrations Observed in the C-11 Canal Basin over Three Time Periods. Concentrations are
categorized in terms of compliance with the Broward County freshwater TP standard of 0.020 mg/I. The percentage of samples below
0.020 mg/l are classified asgood. A fair rating was given to concentrations between 0.021 mg/l to 0.060 mg/l. Vauesequal to or

greater than three times the standard (i.e., 0.060 mg/l) are classified as poor.

S 018879 -m 1984-1988 (n=18) 1989-97 (n=37)

8.0% 5.6 % 5.7%

8.0 %
Qﬂfo % 50.0 %

___________ = Good —— Fair === POOr

b) Site 28
1974-83 (n=83) 1984-1988 (n=21) 1989-97 (n=37)

60.2 % 15.7 % 13.9%
’ 28.6 %
24.1 %

44.4 %

6
2
w

23.8% 55.5%

47.6 %




Figurelll.72 (Cont.). Total Phosphorus (TP) Concentrations Observed in the C-11 Canal Basin over Three Time Periods. Concentrations
are categorized in terms of compliance with the Broward County freshwater TP standard of 0.020 mg/l. The percentage of samples below
0.020 mg/| are classified asgood. A fair rating was given to concentrations between 0.021 mg/l to 0.060 mg/l. Vaues equa to or greater

than three times the standard (i.e., 0.060 mg/l) are classified as poor.
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Figurelll.73. C-11 Canal Basin Total Phosphorus (TP) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989
thru 1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January

and April. The number of samples (n) over the nine year period is shown on the upper x-axis. A statistically significant difference between
wet and dry season means was observed at Site 27 (p < 0.001, Mann-Whitney Rank Sum test) but not at sites 28 and 29. Site 27 (Eastern
C-11 Basin) is hydrologicaly distinct from Sites 28 and 29 (Western C-11 Basin).
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Tablell1.42. DescriptiveStatisticsfor Nitrite+Nitrate-Nitrogen (NO,+NO,), Ammonia-Nitrogen (NH,), Total
Kjeldahl Nitrogen (TKN), and Total Nitrogen (TN) Concentrations in the C-11 Canal Basin. Overall, the
number of samples (n) varies between sites. If asamplewasbelow the method detection limit (MDL), half
of the MDL value was used in the calculation. The number of samples below the method detection limit
isshown in thelast column (# MDL). TN was calculated as the sum of TKN and NO,+NO;.

Site | Parameter | unit n Median Mean SD Max Min #
MDL
27 | NO,+NO, | mg/l 290 0.420 0.425 0.176 0.976 0.005 1
28 | NO,+NO, | mg/l 68 0.220 0.249 0.161 0.990 0.010 1
29 | NO,+NO; | mg/l 65 0.095 0.095 0.010 0.388 0.005 14
27 NH, mg/| 266 0.304 0.316 0.282 2440 0.005 45
28 NH, mg/I 63 0.163 0.205 0.200 1.040 0.005 4
29 NH. mg/! 60 0.312 0.343 0.175 0.990 0.005 2
27 TKN mg/I 286 1770 1.769 0.393 3.100 0.310 0
28 TKN mg/| 66 1.350 1.359 0.293 2.330 0.684 0
29 TKN mg/! 63 1540 1520 0.264 2.180 0.902 0
27 TN mg/I 286 2173 2.190 0.445 3.689 0527 | N/A
28 TN mg/I 66 1.598 1611 0.323 2.804 0.807 | N/A
| 29 TN mo/l 63 1618 1617 0.255 2.185 0911 ] N/A

For each Ste, annua mean total nitrogen (TN) content was generdly higher before 1988 (i.e., WWTP
discharge stoppage) then afterwards (Figure 111.74). Site 27 exhibited the highest mean TN content
each year throughout the cand and bardly achieved compliance with the county standard in only one
year (1996, 1.496 + 0.215 mg/l). Within, thewestern sub-basin, Site 29 had dightly higher TN annua
averages than Site 28 during the 1990's. However, both Sites 28 and 29 were typicaly at or near
compliance throughout the last ten years (1988-1997).

Each TN sample was given a rating based on Broward County’s water quality standards (see
[11.E.5.€). Patterns through time were investigated with the closing of WWTPs within the basin (see
Section 111.J.3). Both western sub-basin sites (28 and 29) displayed improvementswith time (Figure
[11.75). In particular, Sites 28 and 29 had 65.0% or higher good rated samples during thefind period
(1993-1997) compared to only 10.3% or lower during the first period (1981-1988). While poor
samples did not exist after 1988, the percentage of good samples at Site 27 during 1993-1997 was
only 15.0%.

Setidticd differences were not observed between median or mean wet and dry TN season
concentrations between 1989 and 1997 (Figure I11.76). The western sub-basin Sites 28 and 29 had
median values below the county standard while a mgority of TN concentrations in the eastern sub-
basin (Site 27) were above 1.500 mg/l (Figure 111.76).
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FigureI11.74. Annual Mean Tota Nitrogen (TN) Levels Within the C-11 Cana Basin from 1981 to 1997. Means and standard deviations (error bars)
calculated from bi-weekly, monthly, and/or quarterly sampling with number of samples (n) for each year noted on upper x-axis. The Broward
County standard (1.500 mg/l) isindicated by the dasnhed line. Note different y-axis scale for Site 27 (c).
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FigureI11.75. Total Nitrogen (TN) Concentrations Observed in the C-11 Cana Basin over Three Time Periods. Vaues are categorized in
terms of compliance with the Broward County TN standard of 1.500 mg/I. The percentage of samples equal to or below 1.500 mg/l are classified
asgood. A fair rating was given to concentrations between 1.501 mg/l to 2.500 mg/l. Vaues greater than 2.500 mg/l are classified as poor.
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FigureI11.75 (Cont.). Total Nitrogen (TN) Concentrations Observed in the C-11 Canal Basin over Three Time Periods. Values are categorized in
terms of compliance with the Broward County TN standard of 1.500 mg/I. The percentage of samples equal to or below 1.500 mg/| are classified
asgood. A fair rating was given to concentrations between 1.501 mg/l to 2.500 mg/l. Values greater than 2.500 mg/l are classified as poor.
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Figurelll.76. C-11 Canal Basin Total Nitrogen (TN) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989
thru 1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January
and April. The number of samples (n) over the nine year period is shown on the upper x-axis. Statistically significant differences between
wet and dry season means and/or medians were not observed at any site. Site 27 (Eastern C-11 Basin) is hydrologically distinct from Sites

28 and 29 (Western C-11 Basin).

a) Site 29 b) Site 28
16 18 17 18
3.000 . . < n 3.000 . .
2.500 4 2.500 4
< 2000 A ° ~ 2.000 o
[=)) = [ J
S o)
Sl g S Ewof —— == ==
E Broward >
1,000 o ® < County = 1000 - L °
[ J
0.500 + 0.500
0.000 : : 0.000 : :
Dry Wet Dry Wet
5 Season Season
S
c) Site 27
54 42
3.000 1 ]
2.500 4 °
[ ) . 95th percentile
= 2.000 4 90th percentile
5 —— T
§,1_500_______ - = 75th percentile
< [ J o Box Plot median
F 1000 )
Explanation 25th percentile
0.500 J_ 10th percentile
. 5th percentile
0.000 : :
Dry Wet

Season



f. Bacteriological Parameters

Overdl, bacteriologica concentrations increased as moving eastward in the C-11 Cand and Site 27
had the highest median FC, TC, and FS vaues. Mean fecd coliform (FC), totd coliform (TC), and
feca streptococcus (FS) were typically higher than medians (Table 111.43), however, bacteriologica
meanva ues are often skewed by outstanding high values (BCDNRP 1994). High standard deviations
and the wide range between maximum and minimum vaues further illugrate the variability of
bacteriologica sampling.

Tablel11.43. Descriptive Statistics for Fecal Coliform (FC), Total Coliform (TC), and Fecal Streptococcus
(FS) in C-11 Cana Basin. The number of samples (n) varies between sites. If a sample was below the
method detection limit (MDL), half of the MDL valuewas used in the calculation. The number of samples
below the method detection limit is shown in the last column (# MDL) and the unit of measurement is
colonies/100 ml (cal).

Site |Parameter | unit n Median Mean SD Max Min #
MDL
27 FC col 368 205 529 1185 12000 5 8
28 FC col 155 150 34 810 7600 5 3
29 FC col 141 48 125 209 1300 3 17
27 TC col 373 830 2753 6928 80000 33 0
28 TC col 161 630 1319 2406 22000 165 4
29 TC col 147 470 714 904 6000 12 2
27 FS col 346 300 1323 6129 100000 12 19
28 FS col 125 270 2214 12075 100000 165 6
29 ES col 116 200 520 989 7600 10 12

Due to the large amount of variability around the mean (Table 111.43), yearly box plots were plotted
for fecd coliform instead of the mean and standard deviations (Figurell1.77). At al stesinthe C-11
Cand, the years with the highest fecdl coliform content werefrom 1980 to 1986. Inthelast tenyears
(1988-1997) median vaues were normally below 200 colonies/100 ml at Sites 28 and 29 and below
400 colonies/100 ml a Site 27. Only one annua (1972) median vaue (Site 28; 1,198 colonies/100
ml) was over the single sample standard of 800 colonies/200 ml.

Compliance patterns within the cand were investigated by comparing dl FC vaues to water quality
standards (see Section I11.E.5.f). The effect of WWTP closureswaslooked into by pooling different
years of data for the analysis (see Section 111.J.3). From 1989-1997, the westernmost Site 29 had
very high (94.4%) good ratings while the central (Site 28) and the eastern (Site 27) Stes each had
around 63.0% samples designated asgood (Figurelll.78). Site 27 had the most occurrences of poor
samples, however, those observations were not typica in the C-11 Canal for any period.
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Figurelll.77. Yearly Box Plots of Feca Coliform (FC) Levelswithin the C-11 Canal Basin from 1972 to 1997. Medians and percentiles calcul ated
from monthly and quarterly samples with the number of samples (n) per year noted on the upper axis. The Broward County single sample standard
(800 colonies/100 ml) isindicated by the dashed line. Numbersin parentheses represent 75th percentile values that extend beyond the y-axis scale.
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FigureI11.78. Fecal Coliform (FC) Concentrations Observed in the C-11 Canal Basin over Three Time Periods. Concentrations are
categorized in terms of compliance with the Broward County FC standards which state the monthly average shall be equal to or less
than 200 colonies/100 ml (good rating) and no single reading shall be above 800 colonies/100 ml (poor rating). Vaues between 201

and 800 colonies/2100 ml are defined as fair.
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FigureI11.78 (Cont.). Fecal Coliform (FC) Concentrations Observed in the C-11 Canal Basin over Three Time Periods. Concentrations
are categorized in terms of compliance with the Broward County FC standards which state the monthly average shall be equal to or less
than 200 colonies/100 ml (good rating) and no single reading shall be above 800 colonies/100 ml (poor rating). Vaues between 201 and

800 colonies/100 ml are defined asfair.
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From 1989 thru 1997, wet season median va ueswere higher than dry seasonvaluesat dl sites(Figure
111.79). Statistical differences were observed at Site 27 (Mann-Whitney Rank Sum Test; p < 0.001)
and at Site 29 (Mann-Whitney Rank Sum Test; p < 0.05) but not at Site 28. All median values at dl
dgtes were a or below 250 colonies/100 ml. Vaues greater than the single samples standard (800
colonies/100 ml) were rare (95" percentile or higher).

7. Basn Summary

The C-11 Cand is separated into two different water bodies by the S-13A structure. Furthermore,
the C-11 Basn isunique, in that, the cand does not typically flow the same direction. The portion of
the cand in the western sub-basin normally flows west to the WCA 3 through S-9 and the eastern
segment flowseast to the Broward estuary viaS-13. Inthisstudy, two water quality sampling locations
(Sites 28 and 29) represent the western sub-basin while onerepresentsthe eastern sub-basin (Site 27).
The following will discuss the water quality characterigtics of the cana’s two digtinct sections. In
addition, the influence of WWTP discharges and seasond effects will adso be discussed. Findly,
questions about the cand and basin brought forth by thisinitid dataandysis effort are listed to support
future monitoring and resource planning.

a. Influence of WWTP Discharges

Generdly, theend of WWTP discharges s gnded the beginning of improved water qudity intheeastern
sub-basin of C-11 Cand (Site 27). Although Site 27 till hastheworst water qudity inthecand, TP
concentrations have substantialy decreased and improvements in TN content were observed after
1988. Furthermore, fecd coliform content also subsided after afew years (1981-1987) of enhanced
concentrations during WWTP discharges.

Ovedl, nutrient levels at Sites 28 and 29 exhibited dight but less notable improvements after WWTP
closure than Site 27. Sites 28 and 29 TP levels showed a decrease in compliance achievement from
1984 to 1988. Afterwards (1989-1997), TP compliance increased to levels observed from 1974 to
1983, especidly a Site 28. Thismay reflect achangein WWTPflow ratesinto the C-11 Cand during
1984 to 1988 due, in part, to population increase. TN vaues were only monitored since 1981, but
both Sites 28 and 29 have generdly had lower TN values since 1988.

b. Basnwide Water Quality Characteristics (Post-WWTPs)

In generd, Site 27's (eastern sub-basin) water quaity has historically been and continues to be much
poorer than either Sites 28 and 29 (western sub-basin). Tota phosphorus, TN, and bacteriologica
parameters vaues were normally higher throughout the entire study period at Site 27 than the western
sampling Stes. Some parameters, particularly Site 27's TP levels, were consderably different than the
westernsub-basin’ svaues and compliancelevelswith water quaity Sandardswere lowest at Site 27.
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Figure111.79. C-11 Canal Basin Fecal Coliform (FC) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989
thru 1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January
and April. The number of samples (n) over the nine year period is shown on the upper x-axis. Statistically significant differences between
wet and dry season medians were observed at Site 27 and 29 (p < 0.001 and 0.05, respectively; Mann-Whitney Rank Sum test) but not at
Site 28. Site 27 (Eastern C-11 Basin) is distinctly separated from Sites 28 and 29 (Western C-11 Basin).
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Low (i.e, < 4.0 mg/l) DO content existed throughout the waterway. Although, Site 27's DO
concentrations were typicaly the highest in the C-11 Cand (indicating better water quality), only
43.3% of DO sampleswere above the compliance leve (4.0 mg/l) from 1989-1997. Potentidly, Site
27'slow DO concentrations are caused by enhanced nutrient loading. Conversely, low DO content
in the western sub-basin (Sites 28 and 29) is most likely due to WCA seepage and/or loca
groundwater influx. DO levesin southwestern Broward County canals (SFWMD 1976, BCDNRP
1996) have been linked with groundwater dueto the area’ slow eevation and seepage characteristics.

While improvements were redized over time, Site 27's nutrient (TN and TP) concentrations are the
parameters of most concern. Less than 20% of the time TN and TP values were within standard
compliance over the lagt five years a Site 27. Conversdly, TP and TN compliance was, a the
minimum, greater than 55% for Sites 28 and 29.

The effect of nutrient levels observed within the C-11 Cand is not well known at thistime. Excessive
nutrient concentrations can cause ecologicd imbaances, especidly in water column, where
phytoplankton (microscopic agae) exist. Phytoplankton popul ations often form harmful blooms under
certain condition, including excessve nutrient. BCDPEP recently (1995) began monitoring chlorophyll
a concentrationswhich isan indicator of phytoplankton biomass. Bloom conditions (> 40 milligrams
per meter cubed) have not been observed inthe C-11 Cana between 1995 through 1997. Potentialy
light limitation or grazing pressures by zooplankton exigt in the cand but more periodic sampling is
needed to better understand nutrient and phytoplankton dynamics.

Beyond intra-cana consequences, the export of nutrients to downstream water bodies occurs when
water is pumped beyond the western (S-9) and eastern (S-13) water control structures. The western
C-11 Cana water is pumped to Water Conservation Area 3 (Evergladesregion) whilethe eastern C-
11 water eventudly is directed to the Dania Cut-off Cand. In general, the Water Conservation Areas
and Everglades (freshwater systems) are less tolerant of nutrient loading than the eastern brackish
regions, especidly in terms of phosphorus. Thus, water at Site 29, with ardatively smdl increase in
TP content (e.g., 1990-1992), could impact downstream entities relatively more than Site 27's TP
concentrations would impact itsreceiving waters. Due, in part, to the sengitivity of the S-9'stalwaters,
the SFWMD (Morban, unpublished data) is currently collecting samples on much higher time and
space scaesthan BCDPEP sambient network and their results should assist greetly an understanding
of the C-11 western sub-basin’ s nutrient dynamics.

Export of TN may be more important in the eastern sub-basin because that portion of the C-11
discharges into a marine sysem which are, generaly, more nitrogen limited. However, brackish
waterways (estuaries) such asthe Dania Cut-off Cand are often hard to generdi ze because of extreme
dinityfluctuations. 1t should be noted that Site 27 had very high NO,+NO5-N and NH;-N (dissolved
inorganic nitrogen, DIN) concentrations even after WWTP halted discharges. Phytoplanktontypicaly
more readily use DIN than other forms of nitrogen (see Appendix 2). Section IV of this document
more fully investigates the water qudity in Dania Cut-off Cand and possible impacts from upstream
waters.
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Overdl, differencesbetween the eastern and western sub-basins' hydrol ogy and/or water management
practices likely explain contragts in the C-11's water qudity. Due to the rdatively long length of the
C-11 Cand, localized rainfdl levels could dso influence sub-basin differences. At the very least,
wesgther patterns undoubtedly account for some of the interannua water quality variability observed
over time.

An important sampling design consideration surrounds the location of Site 27 at the eastern border of
the eestern basin. Thisisapproximately 4.5 mileseast of the S-13A structure, and representsthewater
qudity of C-11 cana water being discharged to the Dania Cut-off Cand. Asthe cand’ sendpoint, the
stemay reflect theintegration of al water being drained from the eastern-sub-basin. Alternatively, Site
27'swater quality may reflect localized land uses that are atypica of the eastern sub-basin. A closer
examination the eastern sub-basin’s land use characteristics and water flow dynamics would help
determine if Site 27 reflects the entire eastern sub-basin. In addition, this would better determine if
water quality differences observed in this study between sub-basins existsthroughout theentire C-11
Cand.

c. Seasonal Differences

Wet and dry season differences were mainly observed in DO and FC content. FC levels were
datigticaly higher a Sites 27 and 29 during the wet season. Only Site 27 had datisticaly sgnificant
less DO content during the wet season than the dry. Summertimetemperaturesinfluence DO readings,
aswdl as potentid runoff of oxygen demanding substances.

Site 27 exhibited the only seasond difference observed for nutrient levels with higher wet season TP
levelsthandry season. Thislikdly occurred because of sormwater runoff, including the possibility of
groundwater. Much of the eastern sub-basin is on septic tanks and, potentialy wet season
groundwater elevations would be more conducive to nutrient loading of surface waters. It would
appear the western sub-basin nutrient content may be more influenced by longer time scdes of rainfal
patterns based on the 1990-1992 TP observations as compared to 1993 through 1997. Short term
ranfdl events dso likely occur throughout both basins depending on the amount of rainfal and the
amount of time between rainfdl events. The current SFWMD (Morban, unpublished) study includes
sormwater event sampling.

d. Future Monitoring Questions

One god of this report is to develop strategic guiddines for future Broward County water quality
monitoring and management. To facilitate this, questions generated by this study’ s findings are being
compiled for each drainage basin. For the C-11 Basin and Cand, severa questions revolve around
nutrient concentrations. Firs, in the eastern sub-basin (Site 27), consstently high nutrient levelsare il
being observed even after closure of WWTPs.  Secondly, the western sub-basin’s downstream
dedtination is the WCAs which are not tolerant of enhanced nutrient loading and thus, C-11 Cand
concentrations are critica in understanding localized ecologica imbalances.
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Why does Site 27 have devated nutrient levels and is it reflective of the whole eastern sub-
basin ?

Throughout the cand (but particularly a Site 27) are nutrient concentrations creating aproblem
in water column biology (e.g., chlorophyll a) and/or macrophytes?

Are nutrient concentrations from 1993-1997 or from 1990-1992 morereflective of TPlevels
at Sites 28 and 297

At Sites 28 and 29, are the differencesin TP content between 1993-1997 versus 1990-1992
due towesther, land-use, water management, or acombination? Andif so can those conditions
be repeated?

Arerecentincreasesin DO levels(1995-97) inthewestern areas (especidly Site 29) theresult
of nutrient inputs not detected by quarterly monitoring (e.g., sormwater inputs) or dueto other
factors (e.g., water management practices)?

What is the sormwater quality directly entering the canad and its secondary and tertiary
tributaries (note thisis currently being addressed by SFWMD in western C-11 Basin)?

What would be the impacts of reduced seepage water from the WCAsto the C-11 Basin®?

189



K.C-9 Canal
1. Basn and Canal Structure

The C-9 Cand drainsardatively large basin with an areaof approximately 98 mi? (Figure111.80). The
magjority of this basin lies within southern Broward County (59 mi?) and the remainder liesin northern
Miami-Dade County (39 mi2, Cooper and Lane 1987). In addition, the C-9 Basin is split into a
western sub-basin ( 53 mi?) and an eastern (45 mi?) sub-basin which overlap the two counties. The
total length of the C-9 Cana (gpproximately 20 miles) is dmost evenly divided between the two
counties.

The flow in the C-9 Cand is normdly to the east with afind dischargeinto the estuarine Dumfoundling
Bay via SFWMD control structure S-29 (Miami-Dade County). Several seepage control candsand
structures determine the volume and rate of flow in the waterway. The L-33 Cand is oriented in a
north-south direction and makes a connection at the westernmost end of the C-9 Cana (west of US
27). The S30 isimmediatdly to the east of the confluence of the L-33 and C-9 cands and either
alows water to move east or storesit west of the structure. The S-32 islocated below the Broward
County line and dong with S-30 and S-9XS (see C-11 Basin, Section 111.J.1) determine the L-33
Cand’ s stage which, in turn, controls the rate of seepage from WCA 3B (Cooper and Lane 1987).

A smdl north-south oriented cana, the North Fork of the C-9 Cana (also Flamingo Candl), existson
the west Sde of Flamingo Road and runs paralel dong the roadway until making an open connection
to the C-9 Canal (Cooper and Lane 1987). Flow is normaly to the south and water originates in
portions of the C-11 Basin in Pembroke Pines. Some water may be diverted to the C-8 Cand
(Miami-Dade County) by way of a secondary cana along NW 67" Avenue. Beyond the Flamingo
Cand, 9x north-south oriented secondary cands dso exist in the western sub-basin.

The SFWMD controls the operations of the main cand and structures. Within Broward County, the
South Broward Drainage Didtrict is the main local management body (see Section |, Figure 1.4).
Miami-Dade County does not have a system of dependent and independent didtricts.

2. Municipalitiesand Land Uses

The western area of the C-9 Basin includes the southwestern edge of the City of Pembroke Pinesand
the western haf of Miramar (see Section I, Figure 1.3). The eastern area of the basin includes the
remaining half of Miramar and the entire city of Pembroke Park. During the 1970s, the C-9 Basnwas
much|less populated than other areas of the county. The population of Pembroke Park increased from
gpproximately 3,000 residentsin 1970 to just over 5,000 residentsin thelate 1970s. During the same
period, Miramar’ s population also increased from 24,000 residents to over 30,000 residents.

During this time, the land was dominated by open land (58%). Another large portion of the land was

designated for agricultura uses (21%), which include improved pasture and plant nurseriesin addition
to cultivated crops. Approximately 15% of the basin waslow density residentia, and lessthan 5% of

190



E DEET=R1E (PSR} OMEIALT] seamosay Jae sy JAJ00E 19euns sswad ‘morpnouayor saquemy o] &Aoo eeeodimd proorprasogor ko 51 deos sy, X T T

ANAGZ THYMOSR
s fmmpionyg 300y : (AWMAS Asurd) samionng onoo) Jvm g m M
) .
1 Y
* WA E € I U - g Sudures, Qupend) s JAIAOH @ “aal

(W)
s L
W,
AINTOD HAVA-TKVIN Lo 3 m_
TRV R
"RV FEOENE I T 0 S ] S T S S — -
mwﬂ i 3 . H% " u!.ﬁz_._u &2
i TV ARCTRIT CTRIY BT c-TR T
Mo gy 4
L} b ey u_
- o T
wr.w%.,
T R -
s # s o 2
_.m bR s .“ i m
| - Iz ;
...____.. E - ¥ ._. _1.;
- 2RI )
.w. &
5 8
il Badies &

(TNMAS U1 URY) 830102 120 Aq pejeado saInons ATEpUOsas amk §[aqE] INOILM EUMDNIE [ONU0D JOTEM 330N
“papidap am (pajaqe]) sampns 0NN @ies ((TWMS) DS uswaierely 121, Bpuol] [nog Smpuodsarios s satpoqiarEm
Jolew Lo poe [eue)) g0 9], dep noneso| ang Bondures (JHJCE) AUno)) prEsolg pUB WISEY [BUR) §-0 201, 0RTIT amFLy



the land was used for commercid or industrid purposes (Broward County Planning Council 1977).
The lack of urban and residentia development is likely due to the flooding hazard in the area caused
by low devation and poor soil drainage.

Rapid growth in this basin did not occur until the late 1980s and early 1990s. The City of Pembroke
Pines had some of the fastest growth in the county going from 53,706 residents in 1987 to 101,307
by 1995 (Broward County Planning Council 1995). Growthin Miramar aso continued during thistime
aswell. By 1987, the city’s population had increased to over 37,000 people, and by 1995, the
population had reached 45,000 residents (Broward County Planning Council 1995). By the late
1980s, the population of Pembroke Park had increased to just over 6,000 residentsand by 1995, the
population decreased dightly to gpproximately 5,600 resdents.

The predominant land use dong the C-9 cana has remained undeveloped rangdland. While theland
use has not changed much since 1982 in the Miami-Dade County portion of the C-9 Cana Basn
(FDER; cited in South Regiona Planning Council 1990), a rapid expanson of resdentid and
commercid devel opment into southwestern Broward hasoccurred. Agricultura and undevel opedland
remained the primary land usein the basinin 1988 (BCDNRP 1996). However, from 1989 to 1995,
the City of Miramar experienced a significant decline in undeveloped land acreage. In 1989,
undevel oped land comprised approximately 70% of the 19,600 totd city acresand had decreased to
60% of the city’s acreage by 1995. Resdentid land use increased by gpproximately 12%, while
commercid and indudtrid land use remained at 3%. Furthermore, rock pit acreage in Miramar has
amogt doubled from 680 acresin 1989 to 1,221 acresin 1995 (Broward County Planning Council
1995).

Pembroke Park residentia land use comprised less than half of the city in the late 1980s and did not
increase from 1989 to 1995. During this period, there was some fluctuation in commercid, industria
and undeveloped land uses. By 1989, commercid and indudtria land uses comprised approximately
48% of the city’s land area, while by 1995 it had decreased to 25% of the area. However,
undeveloped land in 1989 comprised only 3% and increased to 24% of the city’sland area by 1995
(Broward County Planning Council 1995).

3. Wasgtewater Treatment Plants Discharge History

The City of Miramar operated the main wastewater trestment plant (WWTP) discharging into the C-9
Cand. The city hdted an average daily flow of 2.53 million gdlons per day (mgd) by 1978. The
Hollywood Country Club WWTP (< 0.02 mgd) discharged to North Fork of the C-9 cand (aso
known as the Flamingo Cand) and then to the C-11 Canal (BCEQCB 1982) until 1988 (BCEQCB
1988). Asthiswaterway can dso dischargeinto the primary C-9 Cand (Cooper and Lane 1987), the
Hollywood Country Club WWTP potentialy influenced both C-9 and C-11 canals. However, the
volume of wastewater (< 0.02 mgd) was low compared to most WWTPs that operated at that time
throughout the county.
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4. Other Influences on Water Quality
a. Soils

Inthe western portion of the C-9 Basin, primarily west of Flamingo Road, the soil association conssts
entirely of poorly drained, moderately deep peats and mucks (see Section |, Figure 1.5) overlying marl
and sand (Reynolds, Smith and HillsInc. 1972). The drainage of thisareais poor due both to the soil
type and because the Biscayne Aquifer is close to the surface in this region (South Florida Regiond
Panning Council 1990). The east C-9 Basin consists of poorly drained deep sandy soils and
excessively-drained sandy soils near the urbanized areas of the coast (Reynolds, Smith and Hills Inc.
1972).

b. Roadways

The western extent (approximately 5 miles) of the C-9 Cand only has one mgor roadway (US
Highway 27) that crossesthe waterway. Conversely the central portion of the western C-9 Basin has
two mgjor highway (Interstate 75 and FHorida Turnpike) bridges, as well as Flamingo and Red Road
bridges. However, in the Broward County section, mgor east-west roads do not run immediately
adjacent to the canal. Once the cand enters Miami-Dade County, the typica array of South Horida
urban roadways exigs.

c. Septic Tanks

Both C-9 sub-basins are characterized by large areas of no sewer service based on a 1993 survey
(see http://www.broward.org/moi00600.htm). However, these basins, smilar to the Western C-11
Basn have experienced the most rapid development over the last five years and new sewer
infragtructure exigts. At the time of this writing, an updated andysis of septic tank coverage county-
wide had not been performed. Most of the Broward portion of the shorelineiseither characterized by
rangeland and/or low residentiad development, thus the number of septic tanks aong the waterway is
likely low. The Dade County sewer coverage was not determined for this study.

d. Miami-Dade County L andfill

An additiona potentia pollution source for the C-9 Cand isthe North Miami Dade County municipa
landfill located at the Broward and Miami-Dade County border (BCDNRP 1996). The Metropolitan
Miami Dade County Department of Solid Waste Management and Department of Environmental
Resources Management currently monitor any potential impacts to groundwater and surface water in
thisregion.

5. Sampling L ocations and Period

Two sampling locations exist for the C-9 Cand - Sites 31 and 32. Site 31 is at the Flamingo Road
Bridge west of the Dade County border. Site 32 islocated a the USHighway 27 bridge, immediately
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east of the S-30. Sampling years for each specific parameter are shown in Table
[11.44. Appendix 1 details the geographica information for each Ste.

Tablell1.44. Sampling Y ears for Specific Parameters at the C-9 Canal Locations. A sampling year
had at |east one sample event during that year. Note the biochemical oxygen demand was afive-
day test from 1973 until 1981 when a seven-day test was implemented until 1993 after which
sampling for the parameter ceased at BCDPEP.

Par ameter Site 31 Site 32
Temperature 73-97 73-97
pH 7397 7397
Specific Conductance 81-97 81-97
Dissolved Oxygen 7397 73-97
Biological Oxygen Demand 7393 74-93
Total Organic Carbon 81-97 81-97
Turbidity 7597 7597
Total Phosphorus 74-97 74-97
Ammonia-Nitrogen 81-97 81-97
Nitrite+Nitrate-Nitrogen 81-97 81-97
Total Kjeldahl Nitrogen 81-97 81-97
Fecdl Coliform 73-97 7397
Total Coliform 73-97 73-97
Fecal Streptoccocus 76-97 76-97

6. Results
a. Physical Characteristics

At or near 25.0EC, median and mean water temperatures were dmost identica for both C-9
monitoring locationssites (Table11.45). Mean and median pH recordingswere nearly the same being
aound 7.3 to 7.4. Specific conductance readings at Sites 31 and 32 dso reflected smilar water
Masses.
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Tablel11.45. Descriptive Statisticsfor Temperature (Temp;°C=degrees Celsius), pH, Specific Conductance
(Cond; Fmhos = micromhos/centimeter @ 25°C), and Salinity (Sal; ppt= parts per thousand) in the C-9
Cana Basin. If asample was below the method detection limit (MDL), half of theMDL valuewasused in
the calculation. Number of samples bel ow the method detection limitisshowninthelast column (# MDL).

Site |Parameter | unit n Median Mean SD Max Min #
MDL
31 Temp °C 148 25.0 25.1 2.6 30.0 18.0 0
32 Temp °C 152 25.0 252 25 30.0 17.2 0
31 pH units 153 74 7.4 0.3 8.2 6.2 0
32 pH units 152 7.4 73 0.3 8.2 6.0 0
31 Cond |Fmhos|] 66 699 693 75 900 480 0
32 Cond __IFmhos 66 724 719 64 862 500 0]

b. Total Organic Carbon and Turbidity

Site 32 was characterized by mean and median total organic carbon valuesof 23.4 + 5.6 mg/l and 24.0
mg/l, respectively (Table 111.46). Observations at Site 31 were dightly lower with amean of 21.5 +
3.70 mg/l and median equa to 22.25 mg/l. Both median and mean turbidity levelsweresmilar at both
stes and well within compliance of water quality standards.

Table111.46. Descriptive Statistics for Total Organic Carbon (TOC) Concentrations and Turbidity (Turb)
Levelsinthe C-9 Canal Basin. If asample was below the method detection limit (MDL), half of the MDL
value was used in the calculation. The number of samples below the method detection limit is shown in
thelast column (# MDL).

Site |Parameter | unit n Median Mean SD Max Min #
MDL

31 TOC mg/| 60 225 2152 370 32.20 14.00 0

32 TOC mg/l 59 23.90 2340 5.56 49.60 13.60 0

31 Turb ntu 126 22 25 18 17.0 0.6 0

32 Turb ntu 126 10 12 12 13.0 0.25 8

c. Dissolved Oxygen and Biochemical Oxygen Demand

The C-9 Cand dissolved oxygen (DO) concentrations were low (< 3.0 mg/l) but especidly so a Site
32 where vaues were below 2.0 mg/l (Table I11.47). Despite the low DO observations, biochemica
oxygen demand levels were dso low (1.0 mg/l) and well within compliance of the 5.0 mg/l standard.
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Tablelll.47. Descriptive Statistics for Dissolved Oxygen (DO) and Biochemical Oxygen Demand (BOD)
Concentrationsinthe C-9 Basin. If asamplewasbel ow the method detectionlimit (MDL), half of theMDL
value was used in the calculations. The number of samples below the method detection limit isshownin

the last column (# MDL).

Site | Parameter | unit n Median Mean SD Max Min #
MDL

31 DO mg/| 153 25 2.8 17 7.1 0.2 0

32 DO mg/| 153 10 15 13 7.1 0.05 4

3l BOD mg/| 125 10 13 0.6 34 04 0

2 BOD moy| 120 13 15 10 70 02 0

With the exception of the early 1970's, yearly DO averages were dways below 4.0 mg/l at Sites 31
and 32 (Figure 111.81). Site 32 was characterized by extremely low ( < 1.0 mg/l) vaues during most
of the study period, including post-WWTPs. Annua averages were closer to 3.0 mg/l a Site 31.

To better understand compliance patterns within the cana, individuad DO observations wererated in
relaionto Broward County’ swater quality standards (see Section I11.E.6.¢). Inaddition, theinfluence
of WWTP dischargeswereinvestigated by separating datainto different periods (see Section 111.K.3).
The compliance levelswere extremely low throughout the basin with poor rated samplestypicaly over
85% at Site 31 and over 90% at Site 32 (Figure 111.82). Site 31 did have an early period (1973-
1978) with only 57.6% poor rated samples and 22.7% of observations ranked good.

From 1989 to 1997, dmost al dissolved oxygen readings were below the 4.0 mg/l single sample
standard and no Satistically significant seasond differenceswere observed between wet and dry season
data (Figure 111.83). Median vaues a Site 32 were particularly low (less than or equal to 1.0 mg/l)
in both seasons.

d. Total Phosphorus
Tota phosphorus was typically not detected in the C-9 Cand Basin with method detection limits
ranging from 0.020 to 0.026 mg/l (Table 111.48). Infact, 61.8% and 70.5% of al observationswere

below detection limits at Site 31 and 32, respectively. Mean vaueswere similar and abovethe MDL
but were most likely caused by the unusua high maximum vaues at both Site 31 and 32.
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FigureIl11.81. Annua Mean Dissolved Oxygen Content Within the C-9 Canal Basin from 1973 to 1997. Means and standard deviations

(error bars) calculated from bi-weekl

monthly, and/or quarterly sampling with number of samples (n) for each year noted on upper x-axis.

DO concentrations should be above t%é Broward County standard (4.0 mg/l) indicated by the dashed line.
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FigureI11.82 . Dissolved Oxygen (DO) Concentrations Observed in the C-9 Canal Basin over Three Time Periods. Concentrations are
categorized in terms of compliance with the Broward County standards which state the daily average shall not be less than 5.0 mg/l and

no single reading shall be below 4.0 mg/l. All concentrations greater than or equal to 5.0 mg/l are classified as good and DO concentrations
between 4.0 to 4.9 mg/l are considered fair. Readings below 4.0 mg/l are defined as poor.
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Figure I11.83. C-9 Canal Basin Dissolved Oxygen (DO) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989 thru
1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January and April.
The number of samples (n) over the nine year period is shown on the upper x-axis. Statistically significant differences between wet and dry
season means and/or medians were not observed at either site.
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Table I11.48. Descriptive Statistics for Total Phosphorus (TP) Concentrations in the C-9 Canal Basin. If
a sample was below the method detectionlimit (MDL), half of theM DL valuewasused inthecal culations.
The number of samples below the method detection limit is shown in the last column (# MDL).

Site | Parameter | unit n Median Mean SD Max Min #
MDL

31 TP mg/| 131 0.010 0.036 0.145 1.630 0.010 81

32 1P may| 120 0010 0032 0121 1.310 0010 91

Annud TP concentrations were normally below the 0.020 mg/l with occasiona exceptions (Figure
111.84). Aninteresting period of high (relativeto the basin) TP vaueswere observed from 1989-1993
at both sitesthough more readily at Site 32. However, most yearswith va ues greater than 0.020 mg/l
were characterized by large standard deviations typicaly caused by one enhanced TP sample (data
not shown).

To better observe compliance patterns within the cand, dl individua samples were rated in terms of
Broward County’s TP standard (0.020 mg/l; see Section I111.E.5.d). In addition, changes over time
were presented with specia referenceto theclosing of WWTPswithinthebasin (see Section 111.K.3).
At least two thirds of al samples were within compliance of the 0.020 mg/l standard (i.e., good
samples) a both stes (Figure 111.85). However, a dight decrease (approximately 15.0%) was seen
in the good designated samples over time. Nonetheless, poor rated samples were relaively rare (<
10.0%).

From1989-97, statistical differenceswere not observed between wet and dry season mean or median
TPvaues (Figurelll.86). At Sites31 and 32, median valuesfor both seasonswere below the 0.020
mg/l standard and 75" percentiles were typicaly around 0.040 mg/l.

e. Total Nitrogen

Tota nitrogen (TN) levels were caculated from thetotd Kjeldahl nitrogen (TKN) and nitrite+nitrate-
nitrogen(NO,+NO;) concentrations. Ranging from 1.300to 1.350 mg/l, mean and median TN values
over the seventeen-year period were very Smilar at Sites 31 and 32 and were within compliance of
the 1.500 mg/l standard (Table 111.49).

Typically, the vast mgjority of the TN (> 97%) was comprised of TKN which measures the total
amount of organic nitrogen and ammonia-nitrogen (NHy; Table [11.49). Ammonia-nitrogen levels at
both locaes were relatively enhanced (> 0.200 mg/l, Table 111.49). Conversdly, median and mean
NO,+NO; vaues were highest at Site 31 while approximately 50.0% of observationswere below the
MDL at Site 32.
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Figurell1.84. Annua Mean Total Phosphorus (TP) Levels Within the C-9 Canal Basin from 1974 to 1997. Means and standard deviations
(sd; error bars) calculated from monthly and/or quarterly samples with the number of samples (n) noted on the upper x-axis. The Broward
County freshwater standard (0.020 mg/l) isindicated by the dashed line. Vauesin parentheses indicate means and standard deviations above

they-axis.
a) Site 32 b) Site 31
oo 3R127112843434443444443444 &0 o0 3122711138 434344434444441444
J(+0245) (03352 0650) (0187 0808)
0.160 - 0.160 -
S, 0120 = 0120 -
E g
D_ N
O 0,080 o 0080 -
0.040 - 0.040 |
il i ] < ;k AT i
0.000 ,,ﬁfﬁ,,ﬁ,mmmﬁﬁ,n”,”nﬁ,ﬂ Standard o,oooﬁ ﬂ||, I—[|_|_|I| : %ﬂ
747576 77 78 79 80 81 82 83 84 85 86 87 83 89 90 91 92 9B M 95 %6 97 74 7576 77 78 79 80 81 82 83 84 85 86 87 83 89 90 91 92 93 %4 95 96 97
Y ear Y ear

TOC



Figure111.85. Total Phosphorus (TP) Concentrations Observed in the C-9 Canal Basin over Three Time Periods. Concentrations are
categorized in terms of compliance with the Broward County freshwater TP standard of 0.020 mg/I. The percentage of samples below
0.020 mg/l are classified as good. A fair rating was given to concentrations between 0.021 mg/l to 0.060 mg/l. Values greater than three

times the standard (i.e., 0.060 mg/l) are classified as poor.
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Figure 111.86. C-9 Canal Basin Total Phosphorus (TP) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989 thru
1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January and April.
The number of samples (n) over the nine year period is shown on the upper x-axis. Statistically significant differences between wet and dry
season means and/or medians were not observed at either site.
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Tablel11.49. Descriptive Statisticsfor Nitrite+Nitrate-Nitrogen (NO,+NO,), Ammonia-Nitrogen (NH,), Total
Kjeldahl Nitrogen (TKN) , and Total Nitrogen (TN) Concentrationsinthe C-9 Canal Basin. |f asamplewas
below the method detection limit (MDL), half of the MDL value was used in the calculation. The number
of samples below the MDL is showninthelast column (#MDL). Total nitrogenwascal culated asthe sum
of TKN and NO,+NO;.

Site | Parameter | unit n Median Mean SD Max Min #
MDL
31 | NO,+NO, | mg/l 66 0.054 0.071 0.065 0.372 0.005 4
32 | NO,+NO, | mg/l 65 0.009 0.023 0.042 0.244 0.005 39
31 NH., mgy/| 61 0.228 0.229 0.109 0.566 0.018 1
32 NH, mg/! 60 0.219 0.216 0.097 0573 0.005 3
31 TKN may/| 64 1.305 1.286 0.262 1.940 0.649 0
32 TKN mg/! 63 1.290 1.300 0.259 1.950 0.676 0
31 TN mg/! 64 1.340 1354 0.281 2.160 0690 | N/A
32 TN ma/l 63 1.300 1.395 0.265 1970 0.700 N/A

Annua TN vaues generdly decreased below (i.e., within compliance) the 1.500 mg/l standard after
1987 at Site 31 and remained fairly smilar through the late 1980s and 1990s (Figure 111.87). This
pattern occurred to alesser extent a Site 32, primarily because of two dightly elevated annua means
in 1992 and 1993.

Each TN samplewas given arating based on Broward County’ swater qudity standards (see Section
[11.E.5.€). Patternsthrough time were investigated with the closing of WWTPs within the basin (see
Section 111.K.3). Basnwide, TN compliance was very good, particularly after 1988 (Figure 111.88).
This pattern was most evident at Site 31. Fair rated samples decreased to at least 15.0% by 1993
through 1997.

Between 1989-1997, datistical differences were not observed between mean and/or median wet and
dry season totd nitrogen content at any ste (Figure 111.89). More importantly, nearly dl vaueswere
within Broward County’ s compliance standard (i.e., 1.500 mg/l).

f. Bacteriological Parameters

Bacteriologica parameters measured from 1981-1997 included fecal coliform (FC), tota coliform
(TC), and fecal streptococcus (FS; Table [11.50). Mean vaues were higher than medians, however,
bacteriologicd mean vaues are often skewed by outstanding high vaues (BCDNRP 1994).
Interestingly, even mean bacteriologica vaues were rdatively low to other basins in the county and
within county single sample standards. Median vauesfurther showed thelow ambient bacteriacontent
in the waterway.
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FigureI11.87. Annual Mean Total Nitrogen (TN) Levels Within the C-9 Canal Basin from 1981 to 1997. Means and standard deviations (error bars)
calculated from bi-weekly, monthly, and/or quarterly sampling with number of samples (n) for each year noted on upper x-axis. The Broward
County standard (1.500 mg/l) isindicated by the dashed line.
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Figure 111.88. Total Nitrogen (TN) Concentrations Observed in the C-9 Canal Basin over Three Time Periods. Vaues are categorized in
terms of compliance with the Broward County TN standard of 1.500 mg/l. The percentage of samples equal to or below 1.500 mg/l are
classified asgood. A fair rating was given to concentrations between 1.501 mg/l to 2.500 mg/l. Values greater than 2.500 mg/l are

classified as poor.
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Figure111.89. C-9 Canal Basin Tota Nitrogen (TN) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989 thru
1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January and April.
The number of samples (n) over the nine year period is shown on the upper x-axis. Statistically significant differences between wet and dry

season means and/or medians were not observed at either site.
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Tablel11.50. Descriptive Statistics for Fecal Coliform (FC), Total Coliform (TC), and Fecal Streptococcus
(FS) inthe C-9 Canal Basin. If asamplewasbelow the method detectionlimit (MDL), half of theMDL value
was used in the calculation. The number of samplesbelow theMDL isshownin thelast column (# MDL)
and the unit of measurement is colonies/100 ml (col).

Site |Parameter | unit n Median Mean SD Max Min #
MDL

3 FC col 146 3l 79 127 810 35 19
32 FC col 146 8 31 A 980 35 71
31 TC col 152 225 632 1640 14000 12 4
32 TC col 152 100 391 784 6000 5 25
31 FS col 117 80 339 1003 9000 5 19
32 FS col 116 33 287 1106 10000 5 34

Yearly box plots were plotted for fecal coliform instead of the mean due to the relative variability
(Figure111.90). Site 32 only had one annua median FC vaue above 50 colonies’100 ml. Although
Site 31 normaly had higher FC content than Site 32, yearly medians never exceeded 200 colonies/100
ml.

Compliance patterns within the cand were investigated by comparing al FC vaues to water quality
standards (see Section [11.E.5). The effect of WWTP closureswas investigated by pooling different
years of data for the analysis (see Section 111.K.3). Site 32 had nearly 100% good rated samples
during thewhole study (1973 through 1997) with only two samplesout of 146 observationsbeing over
200 colonies/100 ml. Site 31 had fewer good rated samplesthan Site 32 but valueswere till normally
less than 200 colonies/100 ml.

Seasond differences from 1989-1997 were observed at Site 31 (Mann-Whitney Rank Sum Test, p
< 0.05) but not at Site 32 (Figure 111.92). However, concentrations of FC weretypicaly low (< 100
colonies/100 ml) throughout the waterway with medians and percentiles dl below the sngle sample
standard of 800 colonies/100 ml.

7. Basgn Summary

The C-9 Cand traversestwo counties (Broward and Miami-Dade) before normaly discharging to the
Miami-Dade estuarine region. The westernmost sub-basin hasrelatively lower resdentid land use as
compared to the eastern portion in urban Miami-Dade. Site 32 represents the relatively uninhabited
areathat is heavily influenced by the adjacent WCA 3B giving it groundwater seepage characterigtics.
Site 31 representsan areawhichislikey influenced hydrologically by WCA 3B seepagewater but this
sampling locdeis dso in an area of trangtion from rangeland and/or low intengity agricultura to urban
resdentid. The following will discuss the water quality characteridtics of the cand, induding the
influence of WWTP discharges and seasond effects. Finally, questions about the cand and basin
brought forth by this initid data andysis effort are listed to support future monitoring and resource

planning.
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Figure111.90. Yearly Box Plots of Fecal Coliform (FC) Levelswithin the C-9 Cana Basin from 1973 to 1997. Medians and percentiles (25th and 75th)

galchjla(tjeadgl‘ggrln quarterly samples (i.e., n = 4) unless noted on upper axis. The Broward County single sample standard (800 colonies/100 ml) is indicated
y the ine.
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Figure111.91. Feca Coliform (FC) Observed in the C-9 Cana Basin over Three Time Periods for Sites 32 (a) and 31 (b). Concentrations are categorized
in terms of compliance with the Broward County FC standards which state the monthly average shall be equal to or less than 200 colonies/100 ml (Good)
and no single reading shall be above 800 colonies/100 ml (Poor rating). Values between 201 and 800 colonies per 100 ml have been defined as Fair.
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Figure 111.92. C-9 Canal Basin Fecal Coliform (FC) Levels During Wet (June-October) and Dry (November-May) Seasons from 1989 thru
1997. Wet season sampling normally occurred during July and October while dry season sampling was performed during January and April.
The number of samples (n) over the nine year period is shown on the upper x-axis. A statistically significant difference between wet and dry
medians was observed at Site 31 (p < 0.05; Mann-Whitney Rank Sum test) but not at Site 32.
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a. Influence of WWTP Discharges

The C-9 exhibited a dight response to the closure of the Hollywood Country Club WWTP with TN
vaues showing some improvement, particularly at Site 31. With flow inthe C-9 Cand typicdly tothe
east (Cooper and Lane 1987), Site 31 would have been the primary location to show any effect of
WWTP dischargesto the cana. Site 32 was primarily removed from the area. of WWTP influence.

An important factor in determining the influence of WWTPsin this basin was the mgor WWTP (City
of Miramar) closed in 1978. Thus, no TN vaues as reported in this study were obtained during this
period. Nitrogen wasmonitored by Broward County Environmenta Quality Control Board during the
1970's but not with smilar methods as adopted in 1981 (i.e., TKN, NH;, and NO,+NO;) and thus
was not reported here. With an apparent improvement in TN after Hollywood Country Club ceased
discharges, itispossblethemorehistorica nitrogen analysesa so demonstrated improvements. Future
studies may consder andlyzing these historica nitrogen observations by BCEQCB from the early
seventiesto vdidate this,

Some of the highest annua TP concentrationsat Site 31 werefrom 1975 through 1978 but these mean
vaues were dso characterized by large variability. Furthermore, the percentage of good samplesin
the TP pie chart andyss (Figure 111.85) actually decreased after the City of Miramar closed its
WWTP. Thus, TP vaues did not readily show changes after WWTP operations ceased discharges
as seenin other basins.

Interegtingly, dissolved oxygen concentrations were actudly higher during the period of Miramar’s
WWTP operation at Site 31 (see Figure 111.82). This gpparent pattern may seem contradictory to
‘typicd’ response of WWTP plants to surface waters which includes increased biochemical oxygen
demand and a decrease in DO levels. However, the DO dynamics of the C-9 Cand are relatively
unique as discussed below.

b. Basnwide Water Quality Characteristics (Post-WWTPs)

A mgjor observationisthe extremely low DO vauesin the C-9 Cand, in particular & Site 32 and to
asome extent at Ste 31. Thisis very congstent with some of the earliest investigations of the cand
(SFWMD 1976) which attributed the low DO vaues to groundwater input. Relatively recent work
aso observed extremely low DO content was uniform in the water column (BCDNRP 1996).

Another pattern of interest with DO (see 1990, Figure[11.81) content wasthat the highest annud levels
generdly occurred during corresponding times of relaively high TP. While this is a quditative
observation and was not always apparent, it suggests relatively high inputs of TP may promote
biologica production (i.e., phytoplankton) which to some extent may enhance DO levels. While this
mechanismcan a so lead to eutrophication in somewater bodies, the uniqueness of the C-9'shydrology
may alow for adifferent response in the water column. Another factor for both DO and TP may aso
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be the meteorologica condition of the late 1980's and 1990 had dryer conditions than norma which
likely reduced groundwater seepage.

Another parameter of interest in the C-9 cand was ammonia-nitrogen levels. With concentrations
normally above 0.200 mg/l even after 1989, the cand has some of the highest NH; inthe county. The
low DO levels and subsequent denitrification likely influence the ambient NH; levels. Potentidly, the
rangedand surrounding this area which has some cattle may contribute to the ammonia-nitrogen
concentrations in the cand. The main response may be more important downstream where the C-9
Cana emptiestotheestuaries. However, it may belikely other urban influences occur during transport
of C-9water. A comparison of databaseswith Miami-Dade County would assst in understanding the
overd| influence of nitrogen loading in the eastern C-9 and coagtd basins.

c. Seasonal Differences

The only statistical seasond difference was observed for FC concentrationsat Site 31. However, both
wet and dry season valueswere rdatively low, particularly when compared to other sites countywide.
Perhaps, themost important seasond observation wasthelack of agtatistica differencein DO content.
Potentidly the groundwater interaction and low elevation of the basin override seasond differences.

d. Future Monitoring Questions
One god of this report is to develop strategic guiddines for future Broward County water quality
monitoring and management. To fadilitate this, questions generated by this study’ s findings are being
compiled for each drainage basin. For the C-9 Basin and Canal, the importance of cooperation
between the two counties that it traverses (Miami-Dade and Broward) and the SFWMD will be
important to future management issues such as WPAs.

C Are moderatdy enhanced ammonianitrogen leves influencing nitrogen loading in Miami
Dade' s estuarine waters (e.g., Biscayne Bay)?

C Arenutrient concentrationsfrom 1994-1997 or from 1990-1993 morereflectiveof TPlevels?

C What is sormwater quality like directly entering the cand and its secondary and tertiary
tributaries, particularly the seven north-south oriented canadsin the western basin?

C What would be the impacts of reduced seepage water from the WCAs to the C-9 Canal
Baan?
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L. Freshwater Discussion

Four mgor objectives condtituted the framework for the study and include:
1 Determine water qudity conditions (long-term and current) at each freshwater cand
sampling ste;

1 Deeamine compliance patterns with Broward County’s Chapter 27 water quality
standards (Broward County 2000);

1 Determine smilarities and differences exigting within each basin or region; and

1 Formulate research questions, needs, and direction for better management of the entire
Broward freshwater cana system.

The preceding sections on each basin addressed each objective, especidly thefirst two. Thefollowing
text will primarily discuss objectivesthree and four by comparing and contrasting al freshwater basins.

1. Pre- and Post-Wastewater Treatment Plants Discharge Eras

Overdl, wastewater treatment plant (WWTP) discharges negatively impacted thewater qudity at most
freshwater cana dtes. Although some exceptions existed (e.g., TP leves in the Hillsboro Cand),
nutrient content was typically the best indicator of improvements. The C-12 Basin, in particular,
redlized atwofold order of magnitude improvement in TP levels. Other basins such asthe C-13 and
C-14 dsoexhibited subgtantid improvementsin TPlevels. Somegeographically distinct improvements
within a specific basin were adso observed and likely due to the proximity of a monitoring site to
WWTP discharges (e.g., North New River Cana’s (NNRC) Site21 vs. Site 23). We conclude that
the prohibition of WWTP discharges into surface water bodies was a sound regulatory decision
resulting in improved water qudity of Broward' sinland, freshwater cands.

The andyds on the entire data set (pre- and post-WWTP years) was the initid ‘data mining' and
should be viewed as a higtoric view of the totd sampling effort at each particular ste. While annud
averages, pie charts, and seasona box plots were developed for the four major parameters to
differentiate the pre- and post-WWTP eras, future ambient sampling reports may consider reporting
vauesfor dl water qudity condituents sarting in 1989 (i.e., post-WWTP). Smilarly, any andyss of
Broward’s waters for determining statewide impaired water bodies
(http://www.dep.state.fl.uswater/divis on/tmdl/default.htm) and/or regiona planning efforts(e.g., Water
Preserve Feasibility Study Andysis(http://mww. evergladesplan.org/projects'wpa _main.htm) should
consder the years of data collection from 1989 to the present.

Thus, the remaining discussonon freshwater cand characteristics, will focus on the years 1989-1997
to avoid any direct influence of WWTP discharges. Potentidly, indirect influences of WWTP disposd
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may have or gill exist in freshwater sediments. In particular, sediment and water column nutrient
interaction can occur in shalow waters such as most of Broward's freshwater canads which are
typicaly lessthan 10 feet (3 meters) in depth. Another advantage of focusing on the sampling years
1989-1997 is an integration of variable rainfal over time. For example, the SFWMD in its Water
Preserve Feasbility Study Andlysisare using dry years (1989-1990), average years (1992 and 1993)
and wet years (1994 and 1995) for modeling purposes. Thus, the 1989-1997 time frame containsall
three scenarios. A detailed breakout of the different conditions (dry, wet, and average) was not
performed in this report, however, some meteorologica and hydrological datawill be discussed.

2. Ambient Nutrient Concentrations
a. Total Phosphorus

Overdl, theHillsboro Cand had thehighest TPinthe county (Figurel11.93). Infact, the 25" percentile
vauesfor Sites 2 and 3 were above the countywide 75" percentile TP concentration (0.073 mg/l)
even after the WWTP era. In addition, median TP vaues at Sites 2 and 3 were satidticdly different
fromevery other Siteinthe county with theexception of Site 7 (Tablel11.51, Kruska-Walis One Way
Andyss of Variance on Ranks/ Dunn’sMethod (p < 0.05). The Hillsboro Canal receiveswater from
amagor PAm Beach County secondary canal where an increase in overal cand TP occurs (see Site
4 vs. Site 3). Additiondly, the waterway has severd land uses (resdentid, agriculture, and golf
course), as well as septic tanks in both counties (Broward and Palm Beach) that could contribute to
elevated TP concentrations. Currently, the SFWMD is investigating the entire basin as part of the
Water Preserve Area Feasihility Study (S. Kone, persond communication) and their results should
assg in understanding potentia TP sources, fate, and transport mechanisms.

Beyond the Hillsboro Cand, median TP concentrations in the C-14 (Sites 6 through 9), C-12 (Sites
17 and 18), and eastern C-11 (Site 27) were greater than the county wide median of 0.036 mg/l and
exhibited the second highest number of statistical differences with other sites (Table 111.51). In
particular, Site 7 had the highest median TP in the C-14 Badin likely due, in part, to surrounding golf
courses and well maintained yards. Overdl, the C-14's TP levelsand other congtituentsareaso likely
influenced by the adjacent, mgjor water control structure (S-37B). Site 27's TP levels (eastern C-11
Cand) were higher than Sites 28 and 29 vad ues and il lustrates the differences between the western and
eastern C-11 Cand sections, separated hydrologicaly by the S-13A (see Figure 111.67). The C-12
Cand’ smedian TPwas surrounded by alarge areaof variability and may be dueto variable freshwater
inputsto the system. The C-12 and the eastern C-11 are not directly connected to awestern seepage
cand such asthe L-35A. Thus, sormwater and localized groundwater are main freshwater inputsto
both the C-12 and the eastern C-11 Cana and Water Conservation Areas (WCAS) water does not
normaly reach these syslems in a smilar manner as the NNRC, western C-11, C-9 Cands. Thus,
hydrological separation and distancefrom WCAslikely increasestheinfluence of the surrounding urban
land use on in stream TP levelsin the eastern C-11 and the C-12 Candl.

Thelowest levelsof TPwere observed in thewestern C-13, NNRC, western C-11, and C-9 Canals.
All of these areas areinfluenced by WCA seepagewater. Thesesiteslikely lowered the overdl county
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Figure 111.93. Total Phosphorus Values at each Freshwater Water Quality Site from 1989-1997. Box plots describe data for each individual site from the
Hillsboro (HILL), C-14, C-13, C-12, North New River (NNR), C-11, and C-9 Cana Basins. In addition, Site 11 is shown which exists at downstream of
the S-36, immediately east of the western C-13 basin. Individual sites are a'so compared to the median, 25th, and 75th percentile values for all freshwater
sites through the time period (n=1065).
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Table I11.51. Statistical Differences Observed Between Freshwater Sampling Site Median TP Values (1989-1997). A black box indicates the medians
between the two sites were statistically significant based on a Kruskal-Wallis One Way Analysis of Variance on Ranks and an isolated analysis with Dunn's
Method (p < 0.05). Median and percentile values shown in Figure [11.93.
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median (0.037 mg/l) closer to the Broward County standard of 0.020 mg/l. Interestingly, 334 of the
1099 (30.4%) TPsamplesat dl Broward County freshwater sitestaken between 1989 and 1997 were
below the MDL (0.020 or 0.026 mg/l). A large abundance of these “nondetects’ were seen & the
western C-13, NNR, western C-11, and C-9 Canals sampling sites (see Tables111.27, 111.34, 111.41,
and 111.48).

b. Total Nitrogen

The Hillshoro Cand had the highest TN content in the county due primarily to Site 4 (Figure 111.94).
Site4'smedian TN had the mogt statistically significant differences between dl other freshwater Stes
(Table111.52, Kruskd-Wallis One Way Andyss of Variance on Ranks Dunn’s Method; p < 0.05).
The proximity to the WCA 1 (Arthur R. Marshal Loxahatchee Nationa Wildlife Refuge) may dlow
for trangport of reatively high TN originating from organic detritus. The relatively high levels of TKN
a Site 4 (see Table 111.7) suggests this trangport occurs athough agricultura land use and secondary
cand input may dso influence TN vaues. Data from the SFWMD’s current Hillsboro Basin
investigation should assigt in determining the nitrogen dynamics of the area and the influence of the
WCA seepage and direct flow.

Site 27 in the eastern C-11 Basin was the only Site beyond Site 4 with median TN grester than the
countywide 75" percentile of 1.698 mg/l and aso exhibited a number of statistical differences when
compared to other sites (Table 111.52, Kruskal-Wallis One Way Andysis of Variance on Ranks/
Dunn's Method; p < 0.05). Furthermore, the relatively narrow width between the 25" and 75"
percentiles suggest relatively Satic nitrogen levelsas compared to other basins(e.g., NNRC). Aswith
TP, Site 27's TN vaues further show the differences between the eastern and western C-11 Basins
and dso illugtrates the need for aland use/ water qudity investigation in the area. Moderate levelsof
TN were seen in the C-13, North New River, western C-11, and C-9 Canals while the lowest TN
concentrations were seen in the C-14 and C-12 Candls.

The speciation or type of nitrogen isimportant to the overall TN content. For, example, the amount
of inorganic nitrogenisessentia towater column biology, especialy estuarine phytoplankton population
dynamics. Ste 27 of the eastern C-11 had the highest nitritet+nitrate-nitrogen (NO,+NO;; a portion
of inorganic nitrogen) concentrations at the coastal water control structures where freshwater
discharges to Broward' s estuarine waters through the S-13 (Figure 111.95).  Although, a Broward
County water quality standard does not exist, Site 27's NO,+NO; concentrations subgtantialy
exceeded the state of Floridal s Water Quality Index (WQI) leve for poor water qudity. The WQI
is used to compare relatively smilar water bodies around the state and is used in the state of Floridal's
305B report to the United State Environmental Protection Agency (Paulic, M. et d. 1996 or
http://199.73.196.31/water/divison/monitoring/pdf/main305b.pdf.  Thus, some of the highest
freshwater NO,+NO; concentrationsin the Sate exist a Site 27. The current BCDPEP chlorophyl
amonitoring should detail the potentia phytoplankton response to enhanced NO,+NO; inthe eastern
C-11 Cand (headwaters) and the estuarine water body (tailwaters) Dania Cut-off Candl.
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Figure 94. Total Nitrogen Values at each Freshwater Water Quality Site from 1989-1997. Box plots describe datafor each individua site from the
Hillsboro (HILL), C-14, C-13, C-12, North New River (NNR), C-11, and C-9 Canal Basins. In addition, Site 11 is shown which exists downstream
of the S-36, immediately east of the C-13 basin. Individual sites are also compared to the median, 25th, and 75th percentile values for all freshwater
sitesthrough the time period (n=1042).
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Table 111.52. Statistical Differences Observed Between Freshwater Sampling Site Median TN Values (1989-1997). A black box indicates the medians
between the two sites were statistically significant based on a Kruskal-Wallis One Way Analysis of Variance on Ranks and an isolated analysis with Dunn's
Method (p < 0.05). Median and percentile values shown in Figure 111.94,
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Figure 111.95. Annual Mean Nitrite+Nitrate-Nitrogen (NO2+NO3) Concentrations Observed At Headwaters of Mgjor Salinity Control Structures
in Broward County. Means and standard deviations cal culated from bi-weekly monitoring before 1992. In 1992, six to seven samples were obtained
while quarterly observations were made afterwards. The major canals and associated control structures are also listed. The Florida Department of

Environmental Protection's (1998) Water Quality Index poor level isalso shown.
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Figure111.95 (Cont.). Annual Mean Nitrite+Nitrate~Nitr0(]gen NO2+NO3) Concentrations Observed At Headwaters of Mg or Salinity Control Structures
in Broward County. Means and standard deviations cal culated from bi-weekly monitoring before 1992. In 1992, six to seven samples were obtained
while quarterly observations were made afterwards. The major canals and associated control structures are also listed. The Florida Department of
Environmental Protection's (1998) Water Quality Index poor level isaso shown.
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c. Broward County Nutrient Groups

To further investigate spatid nutrient patterns, median TN was plotted aganst median TP
concentrations (Figure 111.96). Initidly, three data clusters appeared together and were characterized
by different basins. Thefirst two groupingswere either associated with highly elevated (> 0.100 mg/l)
TP concentrations with moderately high TN (near 1.5 mg/l) or consisted of the highest TN (near 2.0
mg/l) concentrations in the county with moderately high TP (0.04 to 0.06 mg/l). Thesefour Steswere
in the Hillsboro Cand (Sites 2-4) and the eastern C-11 Cand (Site 27).

Thethird cluster contained the remaining basins of the county. By not including the Hillsboro Cand and
eastern C-11 Cand in a second plot (Figure 111.96) an apparent pattern emerged with some sites
characterized by low TP and rdaively moderate TN vaues while other Stes had rdaively low TN
content but moderate TP values. Thisaso wasbasin specific, with the C-14 and C-12 Candstypified
by moderate TP valuesand relatively low TN concentrations. The C-13, NNRC, Western C-11, and
C-9 Cand Basinswere al within the moderate TN and low TP group.

Thus, aprdiminary Broward County freshwater cana nutrient group designation was derived to begin
a framework for understanding loading and assmilation dynamics. The C-12 and C-14 Cands are
placed in BC Nutrient Group | (Moderate TP:.Low TN) whilethe C-13, NNRC, Western C-11, and
the C-9 Cand fdl into BC Nutrient Group |1 (Low TP.Moderate TN). BC Nutrient Group 111 consists
of water bodieswith highly elevated TP and/or TN (i.e., Hillsboro Canal and the Eastern C-11. From
awater quality management perspective, BC Nutrient Group |1 rates the highest priority for future
basn invedtigations.

To more clearly understand why this pattern was seen over nine years of sampling, TN and TP were
aso plotted in Figure 111.97 againg a physical parameter- specific conductance. The relatively
moderate TN (BC Nutrient Group 1) areas were clustered more tightly than the moderate TP Sites
(BC Nutrient Group 1) and were characterized by specific conductance values primarily above 750
Fmhos, dthough afew exceptions did exist. The moderate TP sites had specific conductance values
which were below 700. Though the differencesin specific conductance are not large, the inclusion of
nine years of sampling suggests some degree of distinctnessin the water masses of the different cands.

Furthermore, correlation analyses revealed a strong relationship between median nutrient vaues and
specific conductance. Specificaly, TN had a postive correlation r = 0.91; Figure 111.97a) while TP
vaues were inversdy correlated with median specific conductance vauesr = 0.82; Figure 111.97b).
These corrdations suggest water bodies with specific conductance values more typica of seepage
water, in particular from the WCAs, will likely have lower ambient TP and moderate TN
concentrations.  Areas with more prominent localized TP sources (e.g., Site 7) will tend to have
moderate levels, potentialy from surrounding land use and/or water management activity. 1n essence,
gpecific conductance may be seen asatracer of water, particularly of WCA water entering thewestern
low-lying canals. The use of specific conductance as a tracer in South Florida has been done
previoudy for the WCAs (USGS 1987).
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Figure111.96. Median Total Phosphorus (TP) Concentrations Versus Median Total Nitrogen (TN)
Concentrations at each Freshwater Water Quality Site from 1989-1997. Thetwo circled areas
indicate Nutrient Group 111 (i.e., Hillsboro, and Eastern C-11 Basins). The square encompasses
the remaining basins in the county (C-14, C-13, C-12, North New River Canal, C-11, and C-9
Cana Basins). Site 11 was excluded from this analysis because of tida influences.

TN (mg/l)

2.500

2.250

Hillsboro and East C-11 Basins

2.000

1.750 4
Remaining Basins
o

1.500 - o

1.250

1.000 4 ®

0.750

0500 T T T T T T T
0000 0020 0040 0060 0080 0100 0120 0140  0.160

TP (mg/l)

224



Figurel11.97. Median Total Phosphorus (TP) Versus Total Nitrogen (TN) Versus Specific Conductance (Cond) for BC Nutrient Groups| and I1.
Medians calculated from 1989-1997 observations.
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Figure111.98. Median Total Phosphorus (TP) Concentrations Versus Median Specific Conductance
(COND), aswell as Median Tota Nitrogen (TN) versus COND for BC Nutrient Groups | and 11.
Medians cal culated from 1989-1997 observations.
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Despite potentid drawbacks (e.g., direct influence of sormwater), a countywide, ambient nutrient
descriptionprovidesaninitia framework for futureinvestigations. Coupled withBCDPEP smonitoring
of achlorophyll a database which began in 1995, the potential exists to develop cand specific trophic
dtate indices to better understand the importance of the observed nutrient concentrations. By having
cand-specific information that incorporates not only nutrient content as well as surrogates of nutrient
water column response (i.e., chlorophyll @), water quaity management should work in better concert
with the future water quantity managemen.

3. Influence of Climate

The period of 1988 to 1990 is typicaly recognized as a drought period in South Florida. While a
comprehensve rainfal and hydrologicad (including structure eevation and flow regime) was not
performed for this study, Figure 111.99 illudtrates the difference over the 1989-1997 period in water
eevations (SFWMD public information data) at the North New River Cand. The weekly rolling
average exhibits some variability but a generadized pattern of low to high cana eevations can be
observed with adistinct increase at the beginning of the 1992 wet season.

Throughout dmost every basin, TP vaues were rdlatively enhanced during the period of 1990-1992
with some sites dso displaying high valuesin 1989. Inparticular, the BC Nutrient group Il (Low TP
Moderate TN) illustrated this generd pattern based on arolling quarterly average andysis (Figure
[11.100). For examples, Figure 111.98 shows the rolling TP average from 1989 through 1997 in the
NNRC. For stes22 and 23 amore definitive decreasing trend is observed due, in part, to adiffering
number of samples collected a Site 21. When compared to Figure 111.99, adight inverse pattern is
seen between water elevation and TP levels.

Thus, quditatively, a potential scenario may be theorized where groundwater levels existed that
promoted either surface water exfiltrations and/or stagnation. Low rainfal and groundwater levels
would reduce overdl flow through the cand sdlowing stagnation and TP to become more concentrated
inthewater column. Thelessdynamic canaswould alow amore abundant phytoplankton community
whichcould contributeto more eutrophic environment. Chlorophyll a was not collected by BCDPEP
during this period. However, the influence of stagnation of the many Broward County secondary and
tertiary canasis often readily seen by eutrophic responsesin the water column (persona observation)
and is consdered one of the largest problemsin the North Fork of the New River, ardatively stagnant
waterway (BCDNRP 1993, BCDPEP 1999).

The reason for an agpparent lag response in TP content from 1989-1992 to drought conditions
observed primarily from 1988 to 1990 is not clear a this time. However, the importance of
understanding the period of ratively high TP vdues is two-fold. Firg, it needs to be ascertained
whether conditions could occur again for high TP values and if so could those conditions be managed.
Secondly, future Everglades Restoration and Water Preserve Area congtruction will likely reduce
seepage and flow rates within the primary freshwater canals. While, the water qudity of primary
conveyance canas may not be ashigh of priority as Everglades Restoration and public water supplies,
afuture scenario smilar to 1990-1992 may be more explainable if arange of expected ambient water
quaity vaues can be matched to certain hydrologicd patterns and water management practices.
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Figure 111.99. Moving Weekly Average Elevation of North New River Canal (NNRC) at Sewell Lock
(G-54). Daily elevations (NGV D) were obtained from the South Florida Water Management District
and transformed to a seven-day moving average. The Sewell Lock controls elevations within the
NNRC (Cooper and Lane 1987).
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Figure 111.98. Moving Four-Point Average of Total Phosphorus Levelsin the North New River Canal from 1989-1997. Note the x-axis scaleis different for Site 21 (c)
because of biweekly measurements made from 1989-1997. Quarterly measurements were taken through the whole period at Sites 22 and 23.
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M. Conclusions and Recommendations

The implementation of the USEPA policy to ssop WWTP discharges into surface water bodies
improved the water quality of Broward's inland, freshwater canals.

Two geographica areas of concern post-WWTPs are the Hillshoro Cand and the eastern C-11
Cand due to ambient nutrient (TN and/or TP) concentrations.

Beyond the Hillsboro Cand and the eastern C-11 Cand, two initid nutrient groupings appear to
occur throughout the remaining parts of the county:

1. Nutrient Group | (Low TN, moderate TP): C-14 and C-12 Canals

2. Nutrient Group Il (Low TP, moderate TN): C-13, North New River, western C-11, and
C-9 Cands

Combined, Nutrient Groups | and Il had median TP concentrations inversely correlated with
median specific conductance vaues while median TN content was positively correated with
gpecific conductance.

The correlations suggest that specific conductance may be agood tracer of distinct water masses
and nutrient concentrations may reflect the geographica proximity to the Water Conservation
Areas. However, basn specific devation, soil type, and land uses must dso be consdered in
future analyses.

The early 1990'sweretypified by reatively high TP vaues a nearly every sampling Site suggesting
acountywide pattern such asrainfall amountsand/or groundwater eevationsinfluencewater quality
observations.

Although, in stream water quality congtituents are important, the fate of the ‘downstream’ water
bodiesis of particular importance for the Everglades and the estuarine waters. Furthermore, the
tolerance of the different ‘receiving water bodies may be quite different based on the ecotype
(e.g., low TP Everglades vs. inorganic nitrogen to estuaries).

Specific research questions were devel oped for each basin. While each basin may have had unique
questions (e.g., tota phosphorus sources in Hillsboro Cand), the following recommendations were
typicdly found in dl basins. A prioritization of these recommendations should be performed as part
of aBroward surface water management plan. For now, thefollowing major recommendationsinclude:

1 Asconveyance systems, a coupling of water quaity conditions with water management activities

(e.g., flow rates) and meterological conditions should be performed and compared to ambient
water quality.
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The influence of land use and public infrastructure (e.g., sewer systems) needs to be better
understood. A coupling of ambient water quaity with upcoming NPDES stormwaeter and land use
analyses should be performed.

In-stream water quality investigations during and immediately after sorm events would dlow a
more comprehensive understanding of these systems than currently exigts.

A better understanding is aso needed on other parameters (e.g., potential toxics) in the urban
cands, particularly after rain events.

In Broward County, the biologica response to nutrients needs to be better quantified, including
continued chlorophyll a measurements.

Biologica characterization (phytoplankton, zooplankton, fish, and macroinvertebrates) should be
performed to understand what types of organisms are living in these Class 111 waters of the dtate
to determine if ecologica imbalances have been and/or are occurring because of water quality
conditions.
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