V. Estuarine Waters
A. Introduction

Estuaries are semi-enclosed water bodies with a free connection to the sea and a defined freshwater
source (Comp and Seaman, Jr. 1985). In addition, estuarine waters normaly have adefinitive sainity
gradient. The importance of FHorida estuaries as a nursery ground for numerous fish and invertebrate
species has been well documented (Comp and Seaman Jr. 1985). In particular, mangrove (Lewis et
d. 1985) and sdt marsh habitats (Durako et a. 1985) occur around the state. Due largely to ther
biological significance, estuarine water quality has been and continues to be an important area of
assessment in the state of Florida (Lietz 1999, Paulic et. a. 1996 or
http://199.73.196.31/water/divis on/monitoring/pdf/ main305b.pdf, Hayward and Chamberlain 1996,
Hillsborough County 1995, Graves and Strom 1992). These dynamic water bodies are typically
dominated by a bay (e.g., Tampa Bay; http://www.tbep.ord/) or alagoon such as the Indian River
Lagoon (http://mwww. evergladesplan.org/ projects/irl_main.htm) in central and northeast Florida. In
the South Floridawatershed, BiscayneBay ( http://www.evergladesplan.org/proj/feas study/biscayne/
index.htm, South FHorida Water Management Didrict 1989) lies to the south of Broward County in
Miami-Dade County, while Lake Worth Lagoon (PaAm Beach County Environmental Resource
Management 1992) exigsin PAm Beach County.

Broward County’ s estuarine waters are unique within the state of Florida because of the absence of
amajor bay or lagoon. In addition, habitats such as sdt marshes and mangroves are rdatively smdl
compared tothelinear milesof bulkheaded seawalls. Nonethel ess, two contiguous Outstanding Forida
Water bodies (John U. Lloyd State Park and West Lake Park, primarily mangrove forests; (see
Florida Adminigtrative Code [FAC] 62-302.700, State of Florida 1998) do exist in the southeast
portion of the county (Figure 1V.I). Furthermore, cora and artificid reef systems, aswdl asdynamic
coadtd fisheries exist offshore and include numerous species with estuarine dependent life stages. A
large human population including commercia and recregtiona boaters and fishers dso utilize the
eduary. Findly, locd citizen groups, such as the Broward Urban River Trails (Forida Greenways
Program - 1000 Friends of Florida and the Conservation Fund 1995), have recently formed to raise
awareness and enjoyment of these inland waterways. All of these components necessitate a water
qudity assessment of Broward's unique estuarine waters. An initiad anaysis will lead to a better
understanding of historic and current conditions, aswell asassst in the devel opment of asurface water
management plan smilar to other estuaries around the date (e.g., Biscayne Bay Surface Water
Implementation Plan, SFWMD 1989).

B. Objectives and Scope
Four mgjor objectives condtitute the framework for the study and include:

1 Determine water quaity conditions (long-term and current) at each estuarine sampling site;

Determine compliance patterns with Broward County’ s Chapter 27 water quaity standards
(Broward County 2000);
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Determine amilarities and differences existing within each basin or region; and

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

At the core of thisestuarine water quaity investigation isathree-part processto be performed at each
sampling Stein aparticular bagin:

< Aninitid descriptive statistica anadysisof al parametersand datacollection yearsfor ech site;

< Graphicd analyses of mgjor parameters (dissolved oxygen, tota phosphorus, tota nitrogen,
and fecd coliform) at each Ste; and

< Graphicd and datisticd anadyses of mgjor parameters collected during post-wastewater
treatment plant discharge years with afocus on seasona concentrations.

The descriptive andysisis a higtoric snapshot of the totd sampling effort at each particular Site. The
graphical andlysis was performed to investigate inter-and intrac annual variation. Furthermore,
graphica analyses were performed to better understand the influence of wastewater trestment plant
(WWTP) dischargesto surface watersto both the observed concentrations and water quality standard
compliance. Finally, an attempt to discern seasond differences was performed graphically and
gatidicaly for theyears 1989 through 1997. Thisalsodlowed for better interpretation of overal water
quaity post-WWTPs, as well as integrating known dry, wet, and average rainfal years smilar to
modding efforts of the Water Preserve Areas Feasibility Study (ttp://www.evergladesplan.org
[projectswpa_main.htm).

C. Estuarine Regions

The estuarineregionsin Broward County include the eastern, tidal componentsof the Hillsboro, C-14,
C-13, and North New River Cands (Figure 1V.1). The Dania Cut-off Cand isthe eastern tailwaters
of the S-13 contral structure whose headwaters are the freshwater C-11 Canal system. The C-10
Cand isdirectly connected to the Dania Cut-off Cana and no structure exists between the two water
bodies. Inaddition, remnant tida rivers such asthe New River and Middle River exist in centrd part
of the county. Overdl, the ICW and the New River system (including brackish North New River
Cand, North and South Forks, main New River, and Tarpon River) are the two largest estuarine
reaches. However, the two water bodies differ in their general flow characteristics and geographica
orientation (Figure 1V.1). Infact, the New River isamgor tributary to the ICW’s centra region.

Currently, the ICW is the only waterway with a direct connection to the Atlantic Ocean. Two tidd
inlets dlow the main saltwater inflow. Port Everglades is the southern oceanic inlet located in the
centra region of the county and the Hillsboro Inlet exigs a the northern end (Figure 1V.1). Different
flow regimes characterize the two inlets due, primarily, to their different shapes and water depth. The
considerably deeper and wider inlet is Port Everglades which is a mgor commercid segport with a
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depth between 45 to 48 feet (approximately 15.0 meters,
http://Mmww.sg.usace.army.mil/conops/navigation/surveyshydro.htm) and a channel width of
goproximately 0.5 miles (0.8 kilometers). Thus, a larger volume of water exchange occurs at Port
Everglades than the Hillsboro Inlet which is more typica of the ICW morphology.

Originally constructed between 1893-1896, the ICW was further dredged to its current condition in
1965 (Crawford 1998). The ICW’s average depth at low tide water is approximately 10 feet (3.0
meters) and average channel widthis 125 feet (38.1 meters, Crawford 1998) with the exception being
Port Everglades. Overdl, the ICW extends gpproximately 24.5 linear miles (15.2 kilometers) in a
north-south direction through eastern Broward County (Fig IV.1).

Six primary South Florida Water Management Didtrict (SFWMD) freshwater cand's (see Section
111.C) feed into five brackish tributary systems (Hillsboro Canal, C-14 Cana, Middle River, New
River, and the Dania Cut-off/ C-10 Canals) to thewest of theICW (FigurelV.1). Overal, freshwater
flows from the western areas of the county are intermittent because of the water control structures on
each of the cands which atificidly separate the freshwater basins from the eastern, brackish waters
(see Cooper and Lane 1987).

For thisreport, the Broward estuary has been divided into five main areasincluding the division of the
ICW into three geographical basins- north (NICW), centra (CICW), and south (SICW), aswell as
the New River and Dania Cut-off/C-10 Candssystems(FigurelV.1). Thel CW divisionswere based
on the proximity of the specific oceanic inlets and the western cands. Some hydrologica overlaps
likely exist between the three areas and adjacent counties, particularly between the northern and central
basins. For example, the NICW basinislikely influenced by PAm Beach County and the Boca Raton
Inlet.

The tributaries of the Hillshoro and C-14 cands were included in the NICW because of the close
proximity of their monitoring Sitesto the ICW and they represent a single ste for each cana (Figure
IV.1). TheCICW basnincludesinflowsfrom the C-13/Middle River system and the largest tributary
system in the county, the New River, which receives freshwater primarily from the North New River
Cand, C-12 Cand, and alarge cooling discharge lake used by a Florida Power and Light eectricd
plant. The Middle River was not separated into a distinct region because no long term sampling Sites
exig within the main reaches of theriver. Instead, sampling locations exist a thetallwaters of the S-36
inthetidal C-13 Cand (see BCDPEP Site 11, Section 111.G) and near the confluence with the central
region of the ICW which isincluded in the CICW.

The southern ICW basin is spatidly distinct from the northern two areas due primarily to Port
Everglades (Figure 1V.1). Additiondly, the southern end of the ICW islikely influenced by land use,
water management practices, and dischargesfrom Miami-Dade County, aswel| astida influencesfrom
Haulover Inlet. The C-11 (South New River Cand)/C-10/Dania Cut-off Cand systemisthe primary
western source of water to the southern ICW Basin. However, thistributary probably only influences
the northern extent of the SICW.
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D. General Hydrological Characteristics

Within each freshwater basin that discharges to the upper estuarine regions, water control structure
management by the SFWMD, Broward County Office of Environmenta Servicesand/or Independent
Drainage Didtrictsis often determined by rainfal, water devations, and/or threat of tropical sormsand
hurricanes. Flow volumes and rates can be quite variable within the same cand system, as wdll as
between adjacent canals. In essence, Broward's waterways represent a large, complex “ outdoor
plumbing” system designed to provide flood protection and drinking water aguifer recharge. This
results in the downstream estuarine waters being characterized by highly manipulated hydrologica
patterns (eg., dinity regime), as wel as modified channels and extensive seawall-lined shordines.
Most water input from the eastern areas is due to urban drainage while heavily modified flows occur
because of the coasta control structures. Similar hydrologic conditions occur throughout the South
Floridawatershed and have been the focus of intensive studies and management plansin Biscayne Bay
(Lietz 1999, SFWMD 1989) and the St. Lucie Estuary (Graves and Strom 1992; Chamberlain and
Hayward 1996). However, the substantia loss of ‘naturd’ habitat is primarily found in Broward,
Miami-Dade, and PAm Beach counties.

Groundwater can also be an important inflow to the South FHorida estuarine waters due primarily to
the transmissve nature of the Biscayne Aquifer (Lietz 1999). Groundwater interaction with the
eduarine watersis highly dependent on rainfall, tidal flow, and consumptive use patterns by the loca
population. Waterways can either be classfied as“ganing” water from groundweter or “loang’ it to
groundwater (seeLietz 1999, their figure6). Thus, theinteraction of estuarinewaters and groundwater
is an important factor in the operation of water control structures to protect public water supplies.
Broward County is currently developing sdtwater intruson mapping to better understand these
processes within the current study area (BCDPEP, in preparation).

With an average of fifty three inches of rain a year (see http://mww.sfwmd.gov) and a large area of
impervious, urban land uses, Broward's stormwater is considered a mgjor trangport mechanism for
land based pollutants. Thus, ssormwater infrastructure is often antiquated with little or no trestment of
‘fird flush’ pollutants. For example, a recent study of the North Fork of the New River (BCDPEP
1999a) found very enhanced leves of pollutants in both the sormwater (e.g., total phosphorus) and
riverine sediments adjacent to ssormwater discharge outfdls (e.g., polycyclic aromatic hydrocarbons).

The data in the current report are from an ambient water quaity monitoring program and not
sormwater observations. Thus, the following results should be viewed as a *snaphot’ of how a
waterbody’ schemistry integratesstormwater inflows, groundwater interaction, salinity structureinflows,
coadtd water inflows, aswell as the biologicd and physical processes that occur in aguatic systems.
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E. ICW - Northern Basin
1. Geographic Locale

The Northern ICW basin (NICW) islocated in the northeast corner of Broward County (FigurelV.2).
The primary municipdities in this area are Dearfield Beach, Hillshoro Beach, Lighthouse Point, and
Pompano Beach. Freshwater originates primarily from the Hillsboro and C-14 (Cypress
Creek/Pompano) Canal systems while oceanic water enters the basin tidaly from the Hillsboro Inlet.

2. Land Use and Activities Impacting Water Quality

A mgority of the shoreline is densdly populated with resdentia (houses and condominiums) and
commercia properties (hotels, restaurants, and marinas). Very few areas dong the ICW are without
some type of buildings or structure and either a lawn and/or parking lot. Furthermore, bulkheaded
seawalls dominate the main channd and numerous finger cand shorelines. One exception is the
confluence of the Hillsboro Cand and the ICW where Dearfidd Park Idand (primarily mangrove and
upland forest dominated communities) exists. The waterway is used primarily by alarge volume of
boat (recreational and commercial) traffic less than 100 feet in length. However, some large
recreationa and commercia boats (between 100-200 feet) dso utilize the channel.

In some places, runoff occursfrom the mgjor roadwaysthat run parale to the ICW including Federd
Highway and AIA. In addition, five mgor bridges are present in this sudy area. However, the
magority of sormwater outfals are at the dead end of finger cands that are prominent throughout the
area. Two initid investigations have been performed by BCDPEP to understand the impacts of these
outfdls to the surrounding waters (BCDNRP 1998, BCDPEP unpublished data). However the
cumulative effect (acute and/or chronic) on the ICW is not known at thistime.

The southeast corner of the basinisserved by septic systems. Thisareaisin unincorporated Broward
County southeast of Lake Santa Barbara and west of State Road A1A (see Figure 1V.2). The Sea
Ranch Lakes community liesto the south and Pompano Beach isto the north. To date, astudy onthe
potentid influence of these septic systems has not been performed.

3. Wastewater Treatment Plants Discharge History

A mgority of the wastewater treatment plants (WWTPs) stopped discharging into the NICW before
1980. The dimination of WWTP discharges into the C-14 Cana occurred after 1980 with the City
of Oakland Park WWTP (4.10 million galons per day capacity, mgd) dosngin 1983. TheHillsboro
Canal received at least some WWTP discharges until 1986, however, the highest volume of
wastewater (3.57 million galons per day capacity, City of Deerfield Beach) was phased out after 1981.
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4. Sampling L ocations and Period

All monitoring Stesare located in tidaly influenced watersin the northeast corner of Broward County
(FigurelV.2). Latitude and longitude measurements were determined by Globa Position System and
specific Ste descriptions are given in Appendix 1. Site 1 isin the eastern, tidd range of the Hillsboro
Cand and is sampled from a bridge (US 1). Site 33 represents the northern-most ICW site and the
areamog influenced by the Hillshoro Cand. Thissteis sampled from a boat south of the Hillsboro
Boulevard Bridge. Site 5isin the eastern, tidal range of the C-14 Cana and is sampled from the US
1 bridge. Site 35islocated in the basin’s southern ICW region at the 14th Street Causeway. Site 34
islocated at the confluence of the ICW and the Hillsboro Inlet that leadsto the Atlantic Ocean. Both
Sites 34 and 35 are sampled by boat.

Sites 33 thru 35 have been sampled by BCDPEP since 1980, while Sites 1 and 5 have been monitored
snce 1973. Asamagor objective wasto investigate each basin' s differences and smilarities, the data
andyssin this section is restricted to the previous 18 years (i.e., 1980 thru 1997). Only temperature,
dissolved oxygen, sdinity, pH, and turbidity were measured during 1980. A mgjority of the remaining
parameters (totd Kjedahl nitrogen, nitritetnitrate-nitrogen, ammonia-nitrogen, tota nitrogen
[calculated], fecd coliform, tota coliform, feca streptococcus, total phosphorus, tota organic carbon)
weremonitored beginningin 1981. Biochemica oxygen demand (7-day test) monitoring occurred from
1981 thru 1993 and specific conductance was recorded from 1990 thru 1997. Datamethodology and
manipulation for this section was performed as detailed in the methodology section (Section 11).

5. Results
a. Physical Characteristics

Water temperatures throughout the basin were relaively smilar and ranged between 18.0 degrees
Ceddgus (°C) and 32.2°C (TablelV.1). Meanwater temperaturesfrom 1980-1997 ranged from 25.6
+ (Standard deviation) 3.8°C at Site 110 26.0 + 3.3°C for Site 35. The NICW Basin pH levelswere
aso reatively amilar between stes and showed little variability. The highest mean pH level was 7.9
+ 0.2a Site34 (TablelV.1). Thetwo lowest averageswere at theinland sites (1 and 5) where mean
pH levels of 7.6 + 0.2 (Sites 1 and 5) were recorded.

Large sdinity ranges were observed throughout the basin between 1980 and 1997 (Table 1V.1).
SHinitiesat thetwo main channel ICW sites(33 and 35) weretypicaly inthelower twentiesbut ranged
from 1.4 to 34.5 parts per thousand (ppt, Site 33) and 3.6 to 36.5 ppt (Site 35). Site 34, adjacent to
an oceanic inlet, exhibited the highest mean sdlinity inthe basin (28.6 + 7.7 ppt; Table 1V.1) whilethe
lowest mean sdlinity level swere observed at theinland Sites 1 (8.7 + 7.4 ppt) and 5 (14.9 + 10.2 ppt).
Specific conductance was measured over ashorter time period than salinity but was a so characterized
by awide range of vaues.
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TableV.1. Descriptive Statisticsfor Temperature (Temp;°C= Degrees Celsius), pH, Specific Conductance
(Cond; Fmhos = micromhos), and Salinity (Sal; ppt= parts per thousand) inthe NICW Basin. Calculations
represent eighteen years of sampling (except Cond sampled 1980, 89, 90-97). However, the number of
samples per year occasionally varied at each site. If asamplewasbel 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).

Site |Parameter | unit n Median Mean SD Max Min #
MDL
1 Temp °C 75 26.0 25.6 38 32.2 18 0
5 Temp °C 65 26.5 26.0 35 32.0 18 0
33 Temp °C 70 259 25.8 32 320 18 0
34 Temp °C 69 25.7 25.7 3.2 315 18 0
35 Temp °C 69 26.0 26.0 3.3 32.0 18 0
1 pH units 75 7.6 7.6 0.2 8.3 6.9 0.0
5 pH units 67 76 7.6 0.2 7.9 6.8 0.0
33 pH units 73 7.8 7.7 0.3 82 70 0.0
A pH units 72 79 7.9 0.2 84 72 0.0
35 pH units 72 7.9 7.8 0.3 84 6.8 0.0
1 Cond |Fmhos] 32 12200 14599 12473 36100 688 0
5 Cond |Fmhos|] 32 23750 23373 15062 45800 1000 0
33 Cond |Fmhos] 36 41750 33271 17508 51600 2800 0
A Cond |Fmhos|] 36 49050 45919 9555 54800 15700 0
35 Cond |Fmhos| 36 46050 40311 12739 55000 3200 0
1 Sa ppt 72 74 8.7 74 24.9 0.25 10
5 Sa ppt 64 180 149 102 29.8 0.25 4
33 Sa ppt 69 239 210 102 345 140 0
A Sa ppt 70 320 28.6 7.7 36.2 6.80 0
35 Sa ppt 69 27.2 249 8.3 36.5 3.60 0

b. Turbidity and Total Organic Carbon

With a mean of 16.53 + 6.47 mg/l (n=60), Site 1 had the highest total organic carbon (TOC)
concentrations during the 17 years of observations(TablelV.2). Thetwolowest TOC averages, 7.27
+ 5.83mg/l (Site 34) and 7.97 £ 4.35 mg/l (Site 35) were observed closest to the Hillsboro Inlet. The
basin’s maximum tota organic carbon concentration was 57.90 mg/l a Site 5.

Mean and median turbidity levels within the NICW were typicdly low and aways within compliance
of the Broward County water quaity stlandard of 10 nephelometric turbidity units (ntus, Table1V.2).
The basin’s maximum turbidity vaue was 9.5 ntus a Site 1. However, dl vaues were below (i.e,
within compliance) of the standard of 10 ntus. From 1981 thru 1997, Site 1 also exhibited the highest
mean of 2.4 £ 1.2 ntus (n=75), however, the remaining stes showed relaively smilar vaues.
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TableV.2. Descriptive Statistics for Total Organic Carbon (TOC) and Turbidity (Turb) Concentrationsin
the NICW Basin. TOC (mg/l = milligrams per liter) and turbidity (ntu = nephelometric turbidity units)
calculations represent seventeen and eighteen years, respectively, of sampling events. However, the
number of samples per year occasionally varied at each site. |f asample wasbel ow 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).

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

1] TOC mg/l 60 15.85 16.53 6.47 33.80 4.16 0
5| TOC mg/| 62 11.05 12.87 8.12 57.90 5.09 0
33] TOC mg/| 60 9.65 11.13 6.54 37.90 0.32 0
4|  TOC mg/| 59 5.60 7.27 5.83 39.80 0.61 0
35] TOC mg/| 60 7.00 7.97 4.35 25.10 1.66 0
1] Turb ntu 75 2.2 24 12 95 0.8 0
5|  Turb ntu 67 14 14 0.6 34 0.3 1
33| Turb ntu 73 18 2.3 16 8.3 0.5 2
34| Turb ntu 72 13 1.6 14 8.1 0.3 4
Bl __Turb oty 2 14 15 10 80 Q3 1

c. Dissolved Oxygen and Biochemical Oxygen Demand

Over the eighteen-year period, dissolved oxygen concentrations were normally lower at the tributary
dtes (1 and 5, Table 1V.3) than the ICW locations. Site 34 exhibited the highest average dissolved
oxygenlevels(6.1+ 0.9 mg/l) whileintermediate meansva ueswere observed at Sites33and 35. Yet,
dl eighteen-year averages and medians were above (i.e., within compliance) the Broward County
dissolved oxygen standard (single sample) of 4.0 mg/l.

Long term biochemica oxygen demand (BOD) vaueswere dightly higher a the tributary Sites 1 and
5than a ICW Sites 33 thru 35 (Table 1V.3) but vaues were normaly less than 2.0 mg/l throughout
the basin. Furthermore, the current marine BOD standard (7.0 mg/l) was never exceeded by maximum
vaues a each ste meaning al samples were within compliance,
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Table 1V.3. Descriptive Statistics for Dissolved Oxygen (DO) and Biochemical Oxygen Demand (BOD)
Concentrations in the NICW Basin. All DO (mg/l = milligrams per liter) calculations represent eighteen
years of sampling, however, thenumber of samplesper year occasionally varied at each site. BOD samples
from 1981to 1993 were analyzed. If asamplewasbel ow the method detection limit (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

1] DO mg/| 74 53 5.1 11 75 21 0
5| DO mg/| 65 5.0 5.2 11 7.6 30 0
33] DO mg/| 72 5.6 55 11 8.1 24 0
34| DO mg/| 71 6.2 6.1 09 89 39 0
35| DO mg/| 71 5.9 5.8 12 94 2.3 0
1] BOD mg/l 47 2.0 21 09 5.8 05 0
5| BOD mg/| 48 14 16 0.8 4.2 05 0
33] BOD mg/| 48 12 13 0.7 34 0.1 0
34| BOD mg/| 47 10 1.2 0.7 3.3 0.2 0
321 __BOoD may| 47 12 13 07 32 02 0

Y early averagesa so revedled smilar compliancewith water quaity standards aslong term descriptive
datistics(FigurelV.3). Inaddition, dissolved oxygenlevelswererd atively condstent through timewith
the exception of Site 5in 1981, when ayearly mean of 3.8 + 0.5 mg/l wasobserved. Site 1 exhibited
dightly depressed valuesin 1983 (4.3 = 1.1 mg/l) and 1995 (4.4 £ 1.0 mg/l).

To understand compliance patternswithin the basin, eechindividua DO observation wasgiven 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 stlandard but below the daily
average standard of 5.0 mg/l), and good (above both standards). In addition, the changes over time
are presented with specid referenceto the closing of WWTPswithin in the C-14 and Hillshoro Cands
(see Section 1V.E.3). The periods shown are 1980-86, 1987-1991, and 1992-1997.

Samplesrating poor were normaly below twenty percent during thewhole study period (FigurelV .4).
One exception was a Site 1 during 1987 through 1991, when 26.3% of the samples were below 4.0
mg/l. Furthermore, the northern area of the basin (i.e., Sites 1 and 33) had the highest percentages of
poor dissolved oxygen from 1992-1997. However, the combined good and fair percentages were
over 85% for al stes during the most recent period. Sites 5 and 35 exhibited genera improvements
through time, while Sites 33 and 34 were rdatively smilar in their distribution between good, fair, and
poor. Site 34 had the highest percentage of ‘good’ dissolved oxygen levelsin dl three time periods.

Seasonal influences on DO concentrations were investigated by pooling wet (June through October)
and dry (November through May) season samples from 1989-1997, a period without WWTP
influence (FigureIV.5). From 1989 to 1997, higher dissolved oxygen vaueswere normaly observed
during the dry season (November through May) then during the wet season. Sttidticaly significant
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FigureIV.3. Annual Mean Dissolved Oxygen (DO) Content Within the Northern Intracoastal Waterway (NICW) Basin from 1980 to 1997. Y early means and

standard deviations (error bars) calculated from quarterly samples (i.e., n=4) unless 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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FigurelV.3 (cont.). Annual Mean Dissolved Oxygen (DO) Content Within the Northern Intracoastal Waterway (NICW) Basin from 1980 to 1997.
Y early means and standard deviations (error bars) calculated from quarterly samples (i.e., n=4) unless noted on upper x-axis. DO levels should be
above the Broward County standard (4.0 mg/l) indicated by the dashed line.
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Figure 1V.4. Dissolved Oxygen (DO) Concentrations Observed in the Northern Intracoastal Waterway Basin over Three Time Periods. DO samples 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 levels between 4.0 to 4.9 mg/| are labeled

fair. The direct influence of wastewater treatment plant discharges ended after 1986.
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Figure 1V.4 (cont.). Dissolved Oxygen (DO) Concentrations Observed in the Northern Intracoastal Waterway Basin over Three Time Periods. DO samples
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 levels between 4.0 to 4.9 mg/l are labeled

fair. Readings below 4.0 mg/l are defined as poor.
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Figure IV .4 (cont.). Dissolved Oxygen (DO) Concentrations Observed in the Northern Intracoastal Waterway Basin over Three Time Periods. DO samples
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 levels between 4.0 to 4.9 mg/l are labeled

fair. Readings below 4.0 mg/l are defined as poor.
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Figure IV.5. Northern Intracoastal Waterway 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 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 33, 34, 35, and 5 (p < 0.001, t-test), aswell as Site 1 (p < 0.05, t-test).
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Figure IV.5 (Cont.). Northern Intracoastal Waterway 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. Statistically significant differences between wet and dry season means were observed at Sites 33,

34, 35, and 5 (p < 0.001, t-test), aswell as Site 1 (p < 0.05, t-test).
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differences were observed between seasons at Sites 5, and 33-35 (t-test, p < 0.001), aswell as Site
1 (t-test, p < 0.05). All median values (wet and dry season) were greater than the 4.0 mg/l single
sample standard. Site 1 had the most observations below the standard while Sites 34 and 35 had the
most above 4.0 mg/l.

d. Total Phosphorus

At al five stes, the seventeen-year mean total phosphorus (TP) levels were eevated above the
Broward County marine standard of 0.050 mg/l standard (Table 1V.4). Overdl, the inland Sites
exhibited the highest values (0.159 £ 0.115 mg/l; Site 1; 0.126 + 0.253 mg/l; Site 5). Variability
around the mean was rdatively high and median vaues were lower than the means at dl dtes.

Table 1V.4. Descriptive Statistics for Total Phosphorus (TP) Concentrations in the NICW Basin. All
calculationsrepresent seventeenyearsof sampling. However, thenumber of samplesper year occasionally
varied at each site. 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

1 TP mg/| 72 0.145 0.159 0.115 0.898 0.010 3

5 TP mg/l 67 0.066 0.126 0.254 2.050 0.010 6

33 TP mg/| 67 0.098 0.101 0.066 0.375 0.010 3

A TP mg/l 66 0.043 0.061 0.057 0.279 0.010 18
| 35 Ip mo/| 66 0,057 0,080 0,090 0,626 0,010 12 |

Annud averagesexplain much of the variability associated with thelong termmeans. For example, Site
5'syearly TP averages were greater thanor equa to 0.100 mg/l fivetimesfrom 1981 to 1987 (Figure
IV.6). However, from 1993 to 1997, mean TP concentrations were near or below 0.050 mg/l. With
few exceptions, Sites 35 and 34 also show lower TP concentrations during the 1993 thru 1997 period
then during the previous years of sampling. However, the northern part of the basin (Sites 1 and 33)
displayed elevated yearly TP averages throughout the study period. In particular, the yearly mean for
Site 1 was only below 0.100 mg/l once during the seventeen-year span (1988 mean = 0.087 + 0.022

mg/l).

To further investigate TP vaues over time, dl individud samples were rated in terms of Broward
County’s marine TP standard (0.050 mg/l). TP concentrations were designated as poor if they are
twice the Broward County marine standard of 0.050 mg/l. A fair designation was given for vaues
between 0.051 and 0.099 mg/l. A poor designation was givento vaues greater than 0.100 mg/l. In
addition, changes over time were investigated with specid reference to the closing of WWTPswithin
the basin (see Section 1V.E.3). The periods compared were 1981-1986, 1987-1991, and 1992-
1997.

Ovedl, the northern area of the basin had a mgority of TP samples within the poor or far rating
(Figure IV.7). Except for asmal percentage of samples (15.8%) during the 1987-1991 period, Site
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FigurelV.6. Annua Mean Total Phosphorus (TP) Content Within the Northern Intracoastal Waterway _(NICWI) Basin from 1981 to 1997. Y early means and
standard deviations (error bars) calculated from quarterly samples (i.e., n=4) unless noted on upper x-axis. TP levels should be below the Broward County

marine standard (0.050 mg/l) indicated by the dashed line.
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Figure IV.6 (cont.). Annua Mean Total Phosphorus (TP) Content Within the Northern Intracoastal Waterway (NICW) Basin from 1981 to 1997. Yearly
means and standard deviations (error bars) calculated from quarterly samples (i.e., n=4) unless noted on upper x-axis. TP levels should be below the

Broward County marine standard (0.050 mg/l) indicated by the dasned line.
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Figure IV.7. Total Phosphorus (TP) Concentrations Observed in the Northern Intracoastal Waterway Basin over Three Time Periods. TP levels
are categorized in terms of compliance with the Broward County marine standard of 0.050 mg/l. The percentage below 0.050 mg/l are classified
asgood. A fair rating was given to values between 0.051 mg/l to 0.099 mg/l. Vaues equal to or greater than twice the standard (i.e., 0.100 mg/l)

are classified as poor.
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Figure V.7 (cont.). Tota Phosphorus (TP) Concentrations Observed in the Northern Intracoastal Waterway (ICW) Basin over Three Time Periods. TP levels
are categorized in terms of compliance with the Broward County marine standard of 0.050 mg/l. The percentage below 0.050 mg/l are classified as good. A
fair rating was given to values between 0.051 mg/l to 0.099 mg/l. Values equal to or greater than twice the standard (i.e., 0.100 mg/l) are classified as poor.
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Figure IV.7 (cont.). Total Phosphorus (TP) Concentrations Observed in the Northern Intracoastal Waterway Basin over Three Time Periods. TP levels
are categorized in terms of compliance with the Broward County marine standard of 0.050 mg/l. The percentage below 0.050 mg/l are classified asgood. A
fair rating was given to values between 0.051 mg/l to 0.099 mg/l. Vaues equal to or greater than twice the standard (i.e., 0.100 mg/l) are classified as poor.
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1 did not have any TP concentrations classified as good. Site 33 had a higher percentage of good
ratings than Site 1, but till contained alarge mgority of samples above the Broward County standard
(i.e, far and poor combined).

As seen in dissolved oxygen concentrations, the southern portion of the basin showed improvement
over time(FigurelV.7). From 1981-1986, only 8.7% of the sampleswere designated as having good
quality at Sites5 and 35. By the 1992-97 period, the percentage of good samples was 54.2% and
65.2% for Sites 5 and 35, respectively. Site 34 smilarly demonstrated improved TP levels over
seventeen years and displayed the highest amount of good samples (72.8%, n=23) over the previous
gx years. However, the percentage of poor samples was dightly higher at Site 34 than either Site 5
or 35 from 1992 to 1997.

Seasonal (wet and dry) observationsfrom 1989-97 reveal ed rl atively no differences between seasons
at four of five stes (Figure IV.8). Only at Site 1 was mean wet season total phosphorus content
gonificantly greater than the dry season (t-test, p < 0.001). However, the mean dry season total
phosphorus content from 1989-1997 was till over twicethe Broward County marine standard (0.050
mg/l) and higher than al other NICW sites (wet or dry season medians, FigurelV.8). Site33dsowas
characterized by enhanced TP levels and showed the greatest range in vauesinthebasin. Findly, dl
steshad 75" percentile values above 0.050 mg/l and 90™ percentile TP concentrations near or above
0.100 mg/l.

e. Total Nitrogen

Tota Nitrogenlevelsarecaculated fromthetota Kjeldahl nitrogen (TKN) and nitrate+nitrate-nitrogen
(NO,+NO3) concentrations. Mean TN vauesover the seventeen-year period were below 1.000 mg/l
at four of the five gtes and al stes were well within compliance of the Broward County marine
standard (1.500 mg/l, Table IV.5). A large mgority of the nitrogen was comprised of TKN which
measuresthetotal amount of organic nitrogen and ammonia-nitrogen (TablelV.5.). Ammonia-nitrogen
levels were typicdly low and in many cases below the method detection limit. Thus, organic nitrogen
wasthemgor form of thetotal nitrogen va ues observed during thisstudy. However, long term median
NO,+NO; concentrationswerereatively higher a theinland stes(1 and 5) compared to other NICW
locations and Site 33's median was dightly eevated (> 0.075 mg/l).
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Figure 1V.8. Northern Intracoastal Waterway 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. A statistically significant difference between wet and dry season means was only observed at Site 1 (p < 0.001,

t-test).
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Figure V.8 (Cont.). Northern Intracoastal Waterway 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. A statistically significant difference between wet and dry season means was only observed at Site 1 (p < 0.001, t-test).
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Table1V.5. Descriptive Statisticsfor Nitrite+Nitrate-Nitrogen (NO,+NO;), Ammonia-Nitrogen (NH,), Total
Kjeldahl Nitrogen (TKN), and Total Nitrogen (TN) in the NICW Basin. Total Nitrogen was calculated as
the sum of TKN and NO,+NO,. All calculations represent seventeen years of sampling. However, the
number of samples per year occasionally varied at each site 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 the last column (# MDL).

Site | Parameter | unit n Median Mean SD Max Min #
MDL
1 | NO,+NO, | mg/l 65 0.118 0.153 0.168 1.010 0.005 7
5 | NO,2+NO; | mg/l 67 0.104 0.117 0.087 0.400 0.005 4
33 | NO,+NO; | myg/l 67 0.075 0.108 0.107 0.614 0.005 6
34 | NO,+NO. | mg/l 66 0.047 0.076 0.104 0.601 0.005

35 | NO+NO; | mg/l 66 0.062 0.087 0.085 0.376 0.005 10
1]  NH. mg/! 60 0.079 0.090 0.082 0.370 0.005 16

5] NH, mg/! 63 0.074 0.167 0.308 1430 0.009 17
33] NH, mg/I 62 0.054 0.072 0.073 0.366 0.005 18
A  NH, mg/! 61 0.025 0.039 0.048 0.223 0.005 39
35|  NH, mg/| 61 0.025 0.079 0.110 0.563 0.005 27
1| TKN mg/! 64 1.013 1.018 034 1.940 0.342 0

5] TKN mg/I 66 0.752 0.881 0.427 1.980 0.040 1
33] TKN mg/| 66 0.726 0.796 0.409 3.230 0.134 0
34| TKN mg/| 65 0.632 0.633 0.301 1.350 0.040 2
35| TKN mg/I 65 0.686 0.683 0.290 1320 0.054 1
1 TN mg/I 64 1115 1172 0.439 2.380 0477 | Cdc
5 TN mg/I 66 0.887 0.998 0.474 2162 0144 | Cdc
33 TN mg/| 66 0.804 0.905 0.437 3.283 0.165 | Cdc
A4 TN mg/! 66 0.690 0.699 0.336 1591 0048 | Cdc
35 TN mg/! 66 0.790 0.759 0.324 1.658 0.033 | Cdc

Annud means revedled some decrease in TN content over the previous 17 years (Figure 1V.9). In
particular, the TN content from 1992-1997 at the inland sites (1 and 5) was generally lower and
exhibited lessvariability then during 1981-1991. Annud tota nitrogen levelsinthe |CW (Sites 33-35)
were rdatively congstent throughout the study period.

To further investigate compliance patterns within the basin, each TN sample was given arating based
on Broward County’ s water quality standard. Tota 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
vaueswas designated aslessthan or equa to 1.500 mg/l. In addition, changesover time are presented
with specid reference to the closng of WWTPs within the basin (see Section IV.E.3)). Thus, the
periods investigated were 1981-1986, 1987-1991, and 1992-1997.
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Figure IV.9. Annual Mean Total Nitrogen (TN) Content Within the Northern Intracoastal Waterway Basin from 1981 to 1997. Y early means
and standard deviations (error bars) calculated from (11 arterly samples (i.e., n=4) unless noted on upper x-axis. TN levels should be below the
t

Broward County standard (1.500 mg/l) indicated by the dashed line.
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Figure V.9 (cont.). Mean Annual Total Nitrogen (TN) Content Within the Northern Intracoastal Waterway Basin from 1981 to 1997. Y early means
and standard deviations (error bars) calculated from quarterly samples (i.e., n=4) unless noted on upper x-axis. TN levels should be below the Broward

County standard (1.500 mg/l) indicated by the dash

line.
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A gmilar tempora pattern was observed with the percentage of TN samples achieving standard
compliance (Figure 1V.10) as seen with annud averages (Figure 1V.9). Site 1 exhibited 60.9% and
Site 5 exhibited 65.2% good ratings during the 1981-1986 period. By 1992-1997, the percent of
good sampleswas up to 95.7% for Site 1 and 95.8% for Site 5 (Figure1V.10). Meanwhile, theICW
Sites 33 thru 35 were above 87.0% in dl three periods, including 100% compliance at Sites 34 and
35.

Between 1989-1997, seasond differences in TN content were not observed at any sampling Site
(Figure1V.11). Almost al vaues were within Broward County’s compliance standard (i.e,, 1.500
mg/l). The exceptions were either 90 or 95" percentile values measured in the dry season (Site 5)
or the wet season (Sites 1 and 33).

f. Bacteriological Parameters

Bacteriologica parameters measured from 1981-1997 included fecal coliform (FC), tota coliform
(TC), and feca dreptococcus (FS). The seventeen-year median FC vaues were typicdly low
throughout the study (Table 1V.6.). Fecal coliform means were higher than median vaues but
bacteriologica mean vaues are often skewed by outstanding high values (BCDNRP 1994a), asthe
high standard deviationsillustrate (Table IV.6.). Sites 34 and 35 had the most FC samples below the
method detection limit. Total coliform and FS vauesfollowed smilar patterns between sampling sites
asFC (TableV.6).

TablelV.6. Descriptive Statisticsfor Fecal Coliform (FC), Total Coliform (TC), and Fecal Streptococcus(FS)
in the NICW Basin. All calculations represent seventeen years of sampling. However, the number of
samples per year occasionally varied at each site. If asamplewasbel 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 isshown 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
1 FC col 74 155 494 1689 12000 5 1
5 FC col 66 41 425 1654 11000 5 8
33 FC col 66 110 298 835 6200 5 3
A FC col 65 20 76 274 2200 4 20
35 FC col 65 20 97 231 1400 4 22
1] TC col 73 450 1160 3616 30000 30 0
5] TC col 66 275 601 876 4400 17 6
33B] TC col 66 338 6638 1342 10000 17 1
34|  TC col 65 100 362 854 5500 12 11
3B| TC col 65 170 522 1632 13000 12 8
1 FS col 75 200 582 1033 5700 17 3
5 FS col 67 73 439 1722 14000 10 19
33 FS col 67 100 382 944 6400 15 11
34 FS col 66 47 200 432 2900 12 30
35 ES col 66 29 157 243 1300 5 31

265



Figure IV.10. Tota Nitrogen (TN) Concentrations Observed in the Northern Intracoastal Waterway Basin over Three Time Periods. Vaues are
categorized in terms of compliance with the Broward County marine TN standard of 1.500 mg/l. The percentage of samples equal to or below
1.500 mg/l are classified as good. A fair rating was given to concentrations between 1.501 mg/l to 2.500 mg/l. Values greater than 2.500 mg/I

are classified as poor.
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Figure V.10 (Cont.). Total Nitrogen (TN) Concentrations Observed in the Northern Intracoastal Waterway Basin over Three Time Periods.
Values are categorized in terms of compliance with the Broward County marine 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/l are classified as poor.
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Figure 1V.10 (Cont.). Total Nitrogen (TN) Concentrations Observed in the Northern Intracoastal Waterway 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 asgood. 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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Figure1V.11. Northern Intracoastal Waterway 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 values were not observed at any sites.
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Figure V.11 (Cont.). Northern Intracoastal Waterway 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 values were not observed at any sites.
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Dueto the large amount of variability around the mean, yearly box plots were plotted for FC instead
of themean (FigurelV.12). For example, three 1995 FC sampleswereobtained at Site 1. Theresults
were 40, 140, and 12,000 colonies per 100/ml which yields amean of 4,060 + 6876 colonies/100 ml
but a median of only 140 colonies/200 ml.

Y early median values were bel ow the one sample standard (800 colonies/200 ml) at al sitesduring dl

years (Figure 1V.12). Occasond high FC concentrations were observed, particularly at Site 1 but

clear trends over time were not apparent. However, the occurrence of the highest FC vaues were
generdly more frequent during the early 1980's for Sites 1, 33, and 34. Conversdy, Site 5
experienced its maximum values during 1993 and 1996.

Basinwide compliance patternswere further analyzed by giving each specific FC samplearating based
on three different Broward County water quality standards. Monthly FC averages should be equd to
or less than 200 colonies’100 ml and ten percent of al samples should be equd to or less than 400
colonies’100 ml. In addition, any single sample should be equd to or below 800 colonies/100 ml. For
this study, a good rating was given to any sample equd to or less than 200 colonies/100 ml. Fecd
coliformva ues between 201 and 800 col onies/100 ml weredesignated fair. Samplesthat weregreater
than 800 colonies/100 ml were classified as poor. In addition, the changes over time are presented
with specia reference to the closing of WWTPs within the basin (see Section 1V.E.3). Thus, the
periods investigated were 1981-1986, 1987-1991, and 1992-1997.

Fecal coliform compliance percentage was generadly very high at dl five stes (Figure 1V.13). The
lowest percentage of good samplesat four of thefivesiteswas observed during 1981-1986, however,
the amount of poor samples never exceeded 15.0% at any Ste. Sites 34 and 35 had the highest
percentage of good samples during dl three periods, while Site 1 exhibited the lowest percentages.
The threemain ICW Sites 33 thru 35 had zero poor feca coliform concentrations from 1987 through
1997.

Only Site 5 exhibited seasond FC differences from 1989-1997 with the wet season median values
being datidicdly higher than the dry season (Mann-Whitney Rank Sum Test; p<0.05; FigurelV.14).
A Mann-Whitney Rank Sum test was performed because the data was not normaly distributed (p <
0.001). Overdl, 1989 through 1997 FC values were rdatively low during both seasons with the
exception of afew high occurrences, particularly a the moreinland monitoring Sites1and 5. Site 33
generdly had the highest FC content observed among the three main ICW Sites 33 thru 35.

6. Basn Summary

The Northern Intracoastal Waterway Basin (NICW) is effectively divided by the Hillsboro Inlet. A
primary freshwater cand dischargesto abrackish tributary in both the northern (Hillsboro Cand) and
southern (C-14 Cand) range of the basin. Inthisstudy, Sites1 and 33, represent the northern extent
of the basin while Sites 5 and 35 represent the southern reaches. Site 34 exigts a the trangtion zone
fromthe |CW to the oceanicinlet. Thefollowingwill summarizethewater quality characterigtics of this
basn’sdigtinct sections. In addition, theinfluence of WWTP discharges and seasond effectswill dso
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Figure IV.12. Yearly Box Plots of Fecal Coliform (FC) Levels Within the Northern Intracoastal Waterway (NICW) Basin from 1981 to 1997. Medians
and percentiles calculated from quarterly samples (n=4) unless noted on upper x-axis. FC levels should be below the Broward County single sample
standard (800 colonies/100 ml) indicated by the dashed line. Numbersin parentheses represent 75th percentile values that extend beyond the y-axis

scale.
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Figure V.12 (Cont.). Yearly Box Plots of Fecal Coliform (FC) Levels Within the Northern Intracoastal Waterway (NICW) Basin from 1981 to 1997.
Medians and percentiles calculated from quartergl sarenéales n=4) unless noted on upper x-axis. FC levels should be below the Broward County
icat

single sample standard (800 colonies/100 ml) in

by the dashed line. Numbersin parentheses represent 75th percentile values that extend

beyond the y-axis scale.
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Figure IV.13. Fecal Coliform (FC) Concentrations Observed in the Northern Intracoastal Waterway 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.
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Figure V.13 (Cont.). Fecal Coliform (FC) Concentrations Observed in the Northern Intracoastal Waterway 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 per 100 ml are defined asfair.
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Figure V.13 (Cont.). Fecal Coliform (FC) Concentrations Observed in the Northern Intracoastal Waterway 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.
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Figure1V.14. Northern Intracoastal Waterway 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. A statistically significant difference between wet and dry season medians was only observed at Site 5 (p < 0.05; Mann Whitney Rank Sum

Test).
a) Sitel b) Site 33
18 17 & n 18 17
1600 | 1 1600 1 !
— 1400 1400
£ =
o 1200 4 € 1200 -
=] o
' 1000 - S 1000
E Broward
s 8004 | < Couny E 80 4+
=) Standard =
S 600 S 600
S d B °
o 4004 S 400 4
L 200 | @ 200
0 0
Dry Wet Dry Wet
Season Season
N
\I
\l
c) Site34
18 17 _
1600 1 1 Box Plot Explanation
CE‘ 1400 o 95th percentile
S 1200 —|— 90th percentile
— 1000 - 75th percentile
E 80 +— ———— median
c
S 600 4 25th percentile
Q .
& 400 J_ 10th percentile
@) N 5th percentile
L 200 4
0 4= ——
Dry Wet

Season



Figure 1V.14 (Cont.). Northern Intracoastal Waterway 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. A statistically significant difference between wet and dry season medians was only observed at Site 5 (p < 0.05; Mann Whitney Rank Sum

Test).
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be discussed. Findly, questions about the NICW basin brought forth by thisinitia dataanayss effort
are listed to support future monitoring and resource planning.

a. Influence of WWTP Discharges

Gengdly, the end of WWTP discharges signded the beginning of improved water qudity in the
southernportion of thebasin (Sites5 and 35) and theinlet area(Site 34). Based on TP concentrations,
the northern Sites 1 and 33 did not show changes over time due to WTTP closures. However,
improvementsin TN content were observed at Sites 1 and 33. These results are consstent with the
earlier andyss of the freshwater Hillsboro and C-14 freshwater cands (Section I11.E and 111.F) that
intermittently discharge east towards the ICW and suggest a strong relationship exist between the
eastern portion of the freshwater cana's and the brackish tributaries of the ICW.

b. Basnwide Water Quality Characteristics (Post-WWTPs)

In general, Sites 1 and 33 exhibited the poorest water quality of the basin due to elevated TP
concentrations after WWTP discharges to surface waters ceased in Broward County. The source of
this high TP is largely from the “upstream” freshwater of the Hillsboro Cand that periodicaly is
discharged to tide. As shown in the freshwater Section (111.E.5.d), high levels (> 0.100 mg/l) have
been observed consgtently in the Hillsboro Cand even after the closure of WWTPsandismost likely
due to surrounding land use and/or secondary cand discharges.

The gpatid extent of the Hillsboro Cand’ sinfluence on Broward' s portion of ICW isnot known at this
time. Geographicaly, the Boca Raton Inlet in PAm Beach County is closer than the Hillsboro Inlet to
the mouth of the Hillsboro Cand. Potentidly, only the water qudity at Ste 33 iseffected by Hillsboro
Canal discharges and TP content at Sites 1 and 33 would appear to confirm a relationship between
those two monitoring Sites. Thus, Site 34's water qudity may be more influenced by the numerous
finger cands and associated stormwater discharges, as well as ICW water originating from south of
the inlet. The dilution factor of coastd water is highly suggested by Site 34's relatively good water
quaity compared to main ICW channd (Sites 33 and 35) and tributary Sites1 and 5. However, only
discrete tidd sampling would confirm this observation. Furthermore, occasiona high vaues were
observed at Site 34 suggesting a potentia for poorer water quaity exigts at different tidal and/or rain
event conditions.

Other mgor water qudity parameters (TN, FC, and DO) were rdatively smilar between dl five dtes
and normally considered good based on water quaity standards. Site 34 typicaly had the lowest TN
and FC content aswell asthe highest DO concentrations again likely due to the close proximity to the
Atlantic Ocean. The two inland Sites 1 and 5 exhibited at least one elevated FC concentration over
the last ten years. Nonetheless, FC levels were normdly low in the study area. The occasiond high
FC may represent slorm events occurring on or near the sampling date.

c. Seasonal Differences

Statigtical differences were observed for DO content at four of thefive sites. Asdiscussed in Section
[11, temperature changes a one between seasons can explain lower dissolved oxygen concentration in
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awaterbody. Perhaps more importantly, dmost al median vaues were above the 4.0 mg/l Broward
County standard (i.e., within compliance) during both seasons at dl Sites.

For al other parameters, only the wet season TP content at Site 1 was observed at sgnificantly higher
levels than dry season concentrations. However, Site 1'sdry season median was higher than any other
gtes dry or wet season vaues. The exceptionaly high wet season TP vaues are likely indicative of
higher volumes of Hillsboro Cand water being discharged from the west during periods of excessve
ranfal (i.e., wet season).

d. Future Monitoring Questions

A god of thisreport is to establish the basdline water quality conditions in order to develop drategic
guiddines for future Broward County water qudity monitoring and management. To facilitate this,
questions generated by this study’ sfindings are being compiled for each basin. For the NICW Basgin,
several questions revolve around nutrient concentrations and potentia transport.  In particular,
enhanced TP concentrations were observed in the north part of the basin. Thefate of these and other
chemicd condtituents is not well understood due, in part, to the lack of information on the basin's
hydrological resdence time and the ICW’s main outgoing tide orientation (north or south) and flow
patterns. Findly, the influence of estuarine water quaity on thefind “ downstream destination”, which
isan offshore, cora reef system, needs to be quantified. Thus, the following questions are posed for
the NICW basin.

C Arenutrient concentrations (primarily TP) in the north part of the basin creating an imbaance
in water column biology (e.g., chlorophyll @ and/or macrophytes?

C Although TN leves are normally within compliance of the Broward County standard, are
dissolved inorganic nitrogen levels (DIN, NO,+NO;-N plus NH;) levels of moreimportance
to water column biology?

C Are nutrient concentrations (primarily TP) in the north part of the basin primarily being
transported north into the PAlm Beach County ICW or south inthe Broward County ICW to
the Hillsboro Inlet?

C Atlowtides, does Site 34 have worse water quality than observed with an ambient monitoring
effort (i.e,, What is the poorest water being transported offshore)?

C Asan eduarine waterbody, to what extent is the influence of a“salt wedge’ from the east?

C How do intermittent discharges from the sdinity structures influence weter quality, aswell as
biology and estuarine residence time?

C How does sormwater quality influence the water quality of numerous finger cands and the
NICW, paticularly north of the Hillsboro Inlet where no permanent monitoring Stes are
located?
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F.ICW - Central Basin
1. Geographic Locale

The Centra Intracoastal Waterway (CICW) Basin is located in eastern Broward County (Figure
1V.15) with freshwater originating primarily from the C-13 Cand/Middle River and North New River
Cand/New River systems while oceanic water enters through the Port Everglades. The primary
municpdities in this area are Pompano Beach, Sea Ranch Lakes, Lauderdae-by-the-Sea, and Ft.
Lauderdde.

2. Land Use and Activities Impacting Water Quality

A mgority of the shoreline is densdy populated with resdentia (houses and condominiums) and
commercid properties (hotels, restaurants, and marinas). Very few areas dongthe ICW arewithout
some development with ether alawn and/or parking lot. One exception is Hugh Taylor Birch State
Park north of Sunrise Boulevard which has a developed upland tree and remnant mangrove forests.
Bulkheaded seawalls dominate the entire shoreline, including most of the state park. The waterway
isused primarily by alarge volume of boat (recreational and commercid) traffic less than 100 feet in
length. However, somelarge vessals (greater than 100 feet) do utilizethe channel. Very large (> 500)
feet ocean going commercia oil tankers, cargo and cruise ships utilize Port Everglades.  Port
Everglades essentiadly divides the CICW from the Southern Intracoastal Waterway Basin (Figure
IV.15).

Stormwater outfalls exist throughout the area and represent the greatest potentia source of
contaminants. 1n some places, runoff occurs from the mgor roadways thet run pardle to the ICW
incdude Federa Highway and AIA. In addition, Sx mgor bridges with accompanying outfals are
present in this study area. However, the mgority of sormwater outfalls are at the dead end of finger
cands prominent throughout the area. The cumulative effect of al the outfdls (acute and/or chronic)
on the CICW is not known at thistime.

An area of septic tank systems exists north of the CICW basin as described for the NICW (Section
IV.E2). However, the area between the NICW and the CICW, as defined in this report, is not
hydrologicaly separated (e.g., water control structure). Thus, waters north of the CICW undoubtedly
interact to some extent with the southern area of the NICW. The influence of the septic tank areaon
the NICW or the CICW has not been investigated at this time. The New River sysem which flows
into the CICW has extensive areas served by septic systems that will be described more fully in that
basin’s Section (1V.H.2).

3. Wastewater Treatment Plants Discharge History

A mgjority of the wastewater trestment plants (WWTPs) stopped directly discharging into the CICW
before 1980. However, the City of Ft. Lauderdae s“B” plant had the capacity to discharge up to 8.0
million galons per day (mgd) into the ICW until 1985. In addition, the City of Ft. Lauderdde’ s GT
Lohmeyer plant dumped wastes (22.750 mgd capacity) into Port Everglades until 1984. The
eiminaionof WWTP dischargesinto “upstream” tributaries such as the C-13 Cand and South Fork
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New River occurred after 1986. The North New River Cand which eventudly flows, viathe Sewdl
L ock, to the South Fork of the New River received at least some WWTP discharges until 1988 when
the City of Plantation halted discharges to the waterway. The City of Plantation smilarly halted
dischargesin 1988 to the C-12 Cana which occasiondly spills over to the North Fork of the New
River.

4. Sampling L ocations and Period

Latitude and longitude measurements were determined by Globad Pogtion System and specific Ste
decriptions aregivenin Appendix 1. Located north (~100feet) of the Commercia Boulevard Bridge,
Site 36 is the northern most site of the CICW. This Site represents a trangition area between the
NICW and CICW Basins and is normaly sampled by boat. An investigation of the ICW's
hydrological divison (i.e., tidal) between the two oceanic inlets in Broward County has not been
performed. Thus, waters from the NICW and the C-14 cand may influence the water quality of this
gte.

Site 37 isnorth of the Sunrise Boulevard Bridge on the ICW while Site 10 is dso adjacent to Sunrise
Boulevard but is on the Middle River (south of bridge). Site 38 islocated in the basin’s southern area
and isheavily influenced by the Port Everglades oceanicinlet. All three Stesare normaly sampled by
boat.

Sites 36 thru 38 have been sampled by BCDPEP since 1980, while Site 10 has been monitored since
1973. In order to investigate the basin’ s differences and amilarities, thedataandyssinthissectionis
restricted to the previous 18 years (i.e., 1980-1997). Due to sampling logigtics, Site 38 is normally
sampled either one day before or after Sites 36, 37 and 10. Only temperature, dissolved oxygen,
inity, pH, and turbidity were measured during 1980. The remaining parameters (total Kjeldahl
nitrogen, nitrite+nitrate-nitrogen, ammonia-nitrogen, tota nitrogen [calculated], feca coliform, tota
coliform, feca streptococcus, total phosphorus, tota organic carbon) were monitored beginning in
1981. Biochemica oxygen demand (seven-day test) monitoring occurred from 1981-1993 in the
ICW. Data methodology and manipulation for this section were performed as detailed in the
methodology section (Section I1).

5. Results
a. Physical Characteristics

Median and meanwater temperatures were rdaively smilar anong al four steswith an overal range
of 18.0°C to 34.0°C reflecting seasond temperature changes (TablelV.7). Mean water temperatures
from 1980-1997 ranged from 26.2 + (standard deviation) 3.2°C at Site 38 to 26.5 + 3.6°C for Site
37. Central ICW Basin pH leves were rdaively smilar between stes and showed little variability.
The highest mean pH levdl was 7.9 £ 0.3 at Site 38 (Table 1V.7). The lowest mean pH value, 7.6 +
0.3, was observed at the inland Site 10.

Large sdinity ranges were observed throughout the basin between 1980 and 1997 (Table I1V.7).
SHinitiesat the two main channe ICW Sites 36 and 37 weretypicaly inthe lower twenties but ranged
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from 3.9 to 32.9 parts per thousand (ppt). At the north end of Port Everglades (oceanic inlet), Site
38 exhibited the basin’s highest mean sdlinity (27.7 £ 6.0 ppt; Table IV.7). The lowest mean inity
was observed a the inland Site 10 (16.4 + 8.6 ppt). Specific conductance was not consistently
measured over the 18-year period but a wide range of values were also noted (2,000 to 52,800
Fmhos/per centimeter).

Table1V.7. Descriptive Statisticsfor Temperature (Temp, °C= degrees Celsius), pH, Specific Conductance
(Cond; Fmhos = micromhos), and Salinity (Sal; ppt= parts per thousand) in the CICW Basin. With the
exception of Cond, all cal culationsrepresent eighteen yearsof sampling (1980-1997). However, thenumber
of samples per year occasionally varied at each site. If a sample was below the method detection limit
(MDL), half of theMDL valuewas used inthecal cul ation. Number of samplesbelow the method detection
limit is shown in the last column (# MDL).

Site | Parameter | unit n Median Mean SD Max Min #
MDL
36 | Temp °C 70 26.8 26.3 36 324 18.0 0
37| Temp °C 71 26.5 26.5 36 34.0 18.0 0
38| Temp °C 72 265 26.2 32 316 19.0 0
10 | Temp °C 74 27.0 26.3 35 330 19.0 0
36 pH units 73 7.7 7.7 0.2 8.2 7.1 0
37 pH units 73 7.8 7.8 0.2 8.2 7.0 0
38 pH units 73 7.9 7.9 0.3 84 6.7 0
10 pH units 75 76 76 03 81 6.3 0
36 Cond |Fmhos| 36 38000 34039 11772 48800 2100 0
37 Cond __|Fmhos| 36 35650 35344 9952 49500 2000 0
38 Cond |Fmhos| 36 45000 43033 7619 52800 21000 0
10 Cond |Fmhos| 31 26300 25954 13254 45700 2840 0
36 Sal ppt 70 24.2 22.1 7.2 319 39 0
37 Sal ppt 70 24.3 231 6.1 329 9.1 0
38 Sl ppt 70 29.1 27.7 6.0 349 39 0
10 Sal pot il 171 164 86 312 15 0

b. Total Organic Carbon and Turbidity

Site 10 exhibited the highest mean tota organic carbon (TOC), 11.5 + 3.7 mg/l, inthe basin (Table
IV.8). Theremaining mean TOC levelswere below 10.0 mg/l with thelowest average (6.4 £ 2.8 mg/l)
observed at Port Everglades (Site 38). The basin’s maximum TOC concentration (28.0 mg/l) was
measured at Site 37.

Turbidity levels were relatively similar throughout the basin and aways within compliance of water

quaity standards (TableV.8). At Site 10, thebasin’s maximum turbidity value of 10.0 nephelometric
turbidity units was recorded which is equd to Broward County’ s standard.
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TableV.8. Descriptive Statisticsfor Total Organic Carbon (TOC) and Turbidity (Turbid) Concentrations
in the CICW Basin. TOC calculations represent seventeen years of sampling and Turbid (ntu =
nephelometric turbidity units) measurements were obtained for eighteen years. However, the number of

samples per year occasionally varied at each site. 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 the last column (# MDL).

Site | Parameter | unit n Median Mean SD Max Min #
MDL
36 TOC mg/| 61 9.1 9.3 36 18.7 05 0
37 TOC mg/| 61 8.6 89 39 280 05 0
38 TOC mg/| 61 5.9 6.4 28 135 04 0
10 TOC mg/| 58 10.6 115 37 18.8 4.6 0
36 Turb ntu 72 14 15 10 7.8 0.3 1
37 Turb ntu 73 15 1.9 13 75 0.3 2
38 Turb ntu 73 19 22 12 7.6 05 0
| 10 Turb ntu 75 15 18 13 10.0 0.3 1]

c. Dissolved Oxygen and Biochemical Oxygen Demand

The lowest mean dissolved oxygen concentration was recorded at the most inland location (Site 10;
Table 1V.9). Site 38 exhibited the highest mean dissolved oxygen leve (5.9 + 0.9 mg/l) which was
gmilar to Sites 36 and 37. All eighteen year averages were above (i.e., within compliance) the
dissolved oxygen standard (single sample) of 4.0 mg/l (Broward County 2000) however each Site€'s
minimum vaues were below the regulatory leve.

Biochemica oxygen demand (BOD) vaues were rdatively smilar for dl four sites and typicaly near
1.0 mg/l (Table IV.9). The Broward County marine standard of 7.0 mg/l was never exceeded,
indicating one hundred percent compliance.

Table 1V.9. Descriptive Statistics for Dissolved Oxygen (DO) and Biochemical Oxygen Demand (BOD)
Concentrations in the CICW Basin. Calculations for DO represent eighteen years of sampling.
M easurements of BOD were taken from 1981 to 1993. However, the number of samples per year varied
occasionally varied at each site. If asamplewas 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 isshownin
thelast column (# MDL).

Site |Parameter | unit n Median Mean SD Max Min #
MDL
36 DO mg/l 72 5.6 5.6 14 8.6 0.3 0
37 DO mg/| 71 5.6 5.6 11 8.0 2.9 0
38 DO mg/| 72 5.8 5.9 0.9 8.3 32 0
10 DO mg/| 74 5.0 4.9 11 7.1 2.9 0
36 BOD mg/| 48 12 14 0.8 3.6 0.1 0
37 BOD mg/| 48 13 12 0.7 3.1 0.1 0
38 BOD mg/| 48 0.9 1.2 10 5.2 0.2 0
10 BOD mg/| 48 11 11 04 2.2 04 0

285



Y early DO averagesreved ed s milar compliance with the Ssngle sampledissolved oxygen standard (4.0
mgl) with one exception in 1995 at Site 10 (mean = 3.9 + 0.5 myg/l; Figure 1V.16). With ten of
eighteen annud averages below 5.0 mg/l, Site 10 generdly exhibited the basin’ slowest oxygen levels.
Conversdly, ICW Sites 36-38 annua mean oxygen content dropped below 5.0 mg/l in only three of
the fifty-four combined sampling years. The concentration of 5.0 mg/l represents the dally average
standard for Broward County and state of FHorida (1998, FAC 62-302), however al samplesin this
report are the results of angle sampling events (i.e., 4.0 mg/l sandard).

To further investigate the relationship to water quaity standard compliance, CICW readings of DO
weredesignated as poor, fair, and good based on local water quality standards (see Section 1V.E.5.c).
Inaddition, the changes over time are presented with specid referenceto theclosing of WWTPsinthe
C-13/Middle River and New River basins, aswell as, Port Everglades (see Section IV.F.3) Thus, the
firg period isfrom 1980-1986 and the remaining yearswere divided into two periods, 1987-1991 and
1992-1997.

Site 10 had the most oxygen samples depressed below Broward County compliance levels (Figure
IV.17). Someimprovementswereobserved at Site 10 over time, yet only 56.6% of samples between
1992-97 were over 5.0 mg/l. Samples rating poor were normally below twenty percent during the
whole study period in the ICW (Sites 36-38, Figure 1VV.17). The Port Everglades location (Site 38)
had the highest percentages of good dissolved oxygen vaues (85.7-91.7%).

From 1989 to 1997, higher dissolved oxygen vaues were normaly observed during the dry season
(November through May) then during the wet season (Figure 1V.18). Statistically Significant seasond
differences were observed between wet and dry season data at Sites 10, 37, and 38 (p < 0.001, t-
test), aswell as Site 36 (p< 0.01, t-test). Almost al ICW seasonal values were at or above the 4.0
mg/l standard with the exception of Site 36'swet season 10" percentileand lower values. Conversdly,
wet season median DO and lower values were below 4.0 mg/l a Site 10.

d. Total Phosphorus

All four stes exhibited seventeen-year mean total phosphorus (TP) levels above the Broward County
marine standard of 0.050 mg/l (Table1V.10). However, median valuesat Site 37 and 38 were below
or near 0.050 mg/l. Sites 10 and 36 displayed the highest mean, median, and maximum vaues and
lowest amount of samplesbe ow themethod detection limit. However, variability around the mean was
relaively high at dl sites, particularly at Sites 10 and 36 (Table 1V.10).
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FigurelV.16. Annual Mean Dissolved Oxygen (DO) Content Within the Central Intracoastal Waterway Basin from 1980 to 1997. Y early means and standard

deviations (error bars) calculated from quarterly samples (i.e., n=4) unless noted on upper x-axis. DO levels should be above the Broward County standard (4.0
mg/l) indicated by the dashed line.
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Figure1V.17. Dissolved Oxygen (DO) Concentrations Observed in the Central Intracoastal Waterway Basin over Three Time Periods. DO samplesare
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 levels between 4.0 to 4.9 mg/l are labeled

fair. Readings below 4.0 mg/l are defined as poor.
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FigurelV.17 (cont.). Dissolved Oxygen (DO) Concentrations Observed in the Central Intracoastal Waterway Basin over Three Time Periods. DO samples
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, all concentrations greater than or equal to 5.0 mg/| are classified as good and DO levels between 4.0 to 4.9 mg/| are labeled

fair. Readings below 4.0 mg/l are defined as poor.
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FigurelV.18. Centra Intracoastal Waterway 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 10, 37, and 38 (p < 0.001, t-test), aswell as Site 36 (p < 0.01, t-test).
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Table1V.10. Descriptive Statistics for Total Phosphorus (TP) Concentrations in the CICW Basin. All
calculations represent seventeen years of sampling. However, the number of samples per year
occasionally varied at each site. |f asamplewasbel ow themethod detectionlimit (MDL), half of theMDL
value was used in the calculations. The number of samples below the method detection limit is shown
inthelast column (# MDL).

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

36 TP mg/| 67 0.070 0.125 0.228 1.860 0.010 4

37 TP mg/| 67 0.056 0.078 0.060 0.294 0.010 10

38 TP mg/| 67 0.044 0.054 0.044 0.239 0.010 14

| 10 P mo/l 74 0.072 0.121 0.270 2.150 0.010 4

High variability for long term means a Sites 10 and 36 is due primarily to a decreasing annua mean
TP content over time (Figure 1V.19). In particular, Site 36 displayed a generd trend of TP
concentration over 0.100 mg/l during the 1980s then changed to TP vaues near or within compliance
inthe 1990's. Site 10 yearly TP averages were 0.05 mg/l or higher eleven timesfrom 1981 to 1992.
Y et from 1993 to 1997, meantotal phosphorus concentrations at Site 10 were near or below 0.050
mg/l four of thefiveyears. Site 37 displayed asmilar pattern as Ste 10. Thebasin'slowest mean TP
concentrations were typicaly measured at Site 38, especialy from 1993 to 1997.

To further investigate TP values over time, dl individuad samples were rated in terms of Broward
County’ smarine TP standard (0.050 mg/l; see(seelV.E.5.d). Inaddition, three periods (1981-1986,
1987-1991, and 1992-1997) were analyzed with specia reference to the closng of WWTPs within
the basin (see Section 1V.F.3). The percentage of sampleswithin compliance of the Broward County
marine standard (0.050 mg/l) reveded eevated tota phosphorus levels during early data collection,
epecidly 1981-1986 (Figure IV.20). Sites 36, 37, and 10 went from 87.0%, 65.3%, and 52.2%
poor rating, respectively during 1981-1986 to under 10.0% poor rating from 1992-1997. Overal,
the highest percentage of good samples (87.5%) was observed at Site 38 from 1992 to 1997.

Statisticd differenceswere not observed between wet and dry season median TPvauesfrom 1989-97
(FigurelV.21). Site36 had the highest dry season TP vaueswhile Site 10 tended to exhibit the highest
wet season measurements. Both Sites 37 and 38 had median values (wet and dry season) below 0.05
mg/l with Site 38 generdly having the lowest TP levelsin the basin.

e. Total Nitrogen

Totd Nitrogen (TN) leves are caculated from the tota Kjeldahl nitrogen (TKN) and nitrate+nitrite-
nitrogen (NO,+NO;) concentrations. Mean and median TN vaues over the 17-year period were at
or below 1.000 mg/l at dl stes and well within compliance of the Broward County marine standard
(1.500 mg/l, Table IV.11). Site 10 exhibited the highest TN levels while Site 38 generdly had the
lowest TN content in the basin.

Aswith TN, the highest mean TKN, NH;, and NO,+NO; concentrations were observed a Site 10
and the lowest mean vauesfor dl nitrogen species were found at Site 38. Normdlly, the maority of
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FigureV.19. Annua Mean Total Phosphorus (TP) Content Within the Central Intracoastal Waterway (ICW) Basin from 1981 to 1997. Y early means and
standard deviations (error bars) calculated from quarterly samples (i.e., n=4) unless noted on upper x-axis. TP levels should be below the Broward County
marine standard (0.050 mg/l) indicated by the dashed line. Numbersin parentheses are mean and/or sd value outside y-axis range.
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Figure1V.20. Tota Phosphorus (TP) Concentrations Observed in the Central Intracoastal Waterway Basin over Three Time Periods. TP levelsare
categorized in terms of compliance with the Broward County marine standard of 0.050 mg/l. The percentage below 0.050 mg/| are classified as good.
A fair rating was given to values between 0.051 mg/l to 0.099 mg/l. Values equal to or greater than twice the standard (i.e., 0.100 mg/l) are classified as

poor.
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Figure1V.20 (Cont.). Tota Phosphorus (TP) Concentrations Observed in the Central Intracoastal Waterway Basin over Three Time Periods. TP levels
are categorized in terms of compliance with the Broward County marine standard of 0.050 mg/l. The percentage below 0.050 mg/l are classified as good. A
fair rating was given to values between 0.051 mg/l to 0.099 mg/l. Vauesequal to or greater than twice the standard (i.e., 0.100 mg/l) are classified as poor.
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FigurelV.21. Central Intracoastal Waterway 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 values were not observed in the basin.
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the TN (> 75%) was comprised of TKN which measures the total amount of organic nitrogen and
ammonia-nitrogen (NHg; Table 1V.11). Ammonia-nitrogen levels were typicaly low with 31.4% of
the basin’ s samples recorded below the method detection limit. Thus, organic nitrogen was the major
form of the tota nitrogen vaues observed during this study. Long term median NO,+NO;
concentrations, however, were dightly devated throughout the basin (> 0.075 mg/l).

TablelV.11. DescriptiveStatisticsfor Nitrite+Nitrate-Nitrogen (NO,+NO,), Ammonia-Nitrogen (NH,), Total
Kjeldahl Nitrogen (TKN), and Total Nitrogen (TN) inthe CICW Basin. Total Nitrogen was calculated as
the sum of TKN and NO,+NO;. All calculations represent seventeen years of sampling. However, the
number of samples per year occasionally varied at each site. |f 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 the last column (# MDL).

Site | Parameter | unit n Median Mean SD Max Min #
MDL
36 | NO,+NO, | mg/l 77 0.129 0.158 0.144 0.618 0.005 8
37 | NO,+NO, | mg/l 76 0.154 0.163 0.123 0.563 0.005 3
38 | NO,#NO; | mg/l 77 0.076 0.098 0.078 0341 0.005 3
10 | NO,+NO. | mg/l 65 0.160 0.233 0.381 3.120 0.005 1
36 NH, mg/I 61 0.039 0.090 0114 0.598 0.005 21
37 NH. mg/! 62 0.041 0.072 0.077 0.313 0.005 15
33 NH, mg/! 62 0.025 0.047 0.059 0.221 0.005 23
10 NH, mg/I 60 0.068 0.101 0.117 0.590 0.005 18
36 TKN mg/| 66 0.734 0.766 0.373 2.990 0.054 1
37 TKN mg/I 66 0.664 0.656 0.276 1460 0.020 2
33 TKN mg/! 66 0.564 0.611 0.278 1570 0.082 0
10 TKN mg/I 66 0.788 0.790 0.273 1.500 0.020 1
36 TN mg/I 67 0.851 0.925 0.402 3.049 0142 | cdc
37 TN mg/I 63 0.807 0.84 0.288 1733 0302 | cdc
33 TN mg/! 66 0.665 0.709 0.287 1.635 0.147 | cdc
10 TN mo/l 64 0956 1.024 0.541 442 0067 1 cac

Basinwide patterns were not agpparent for annual TN concentrations. Site 10 annua mean TN values
were occasionally elevated during the early 1980's but were normally below the Broward County
standard (Figure 1V.22). Mean TN vaues showed a dight trend upward at Site 38 but TN values
were gill within standard compliance (i.e., < 1.500 mg/l). With the exception of 1991, Site 36 showed
a dight decreasing trend in annud TN vaues while Site 37 mean vadues remained fairly smilar over
time.

Tomoreclosay examinestandard compliance, TN concentrationswere des gnated poor, fair and good
withthe same methodol ogy used for the NICW (see Section |V.E.5.€). Inaddition, changesover time
are presented with specid reference to the closing of WWTPs within the basin (see Section I1V.F.3).
The percentage of TN samplesthat achieved Broward County compliance (1.500 mg/l) wastypicaly
high (> 90.0%) throughout the sampling period at al sites(FigurelV.23). Only the 1981-1986 period
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FigurelV.22. Annua Mean Tota Nitrogen (TN) Content Within the Central Intracoastal Waterway (ICW) Basin from 1981 to 1997. Y early means
and standard deviations (error bars) calculated from quarterly samples (i.e., n=4) unless noted on upper x-axis. TN levels should be below the Broward
County standard (1.500 mg/l) indicated by the dashed line.
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Figure IV.23. Total Nitrogen (TN) Concentrations Observed in the Central Intracoastal Waterway Basin over Three Time Periods. Values are
categorized in terms of compliance with the Broward County marine 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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Figure V.23 (Cont.). Total Nitrogen (TN) Concentrations Observed in the Central Intracoastal Waterway Basin over Three Time Periods. Vaues
are categorized in terms of compliance with the Broward County marine TN standard of 1.500 mg/l. The percentage of samples equal to or below
1.500 mg/l are classified as good. 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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for Site 10 reveded a good percentage below 90.0%.

Statistical differences were not observed between mean and/or median wet and dry season total
nitrogen content at any CICW dite (Figure 1V.24). In addition, dmost al TN vaues from 1989 to
1997 were within Broward County’s compliance standard (i.e., 1.500 mg/l). Only Sites 36 and 38
had TN values (95" percentile) equal to or greater than 1.500 mg/l.

f. Bacteriological Parameters

Bacteriologica parameters measured from 1981-1997 included feca coliform (FC), tota coliform
(TC), and fecd streptococcus (FS). Mean vaueswere higher than medians, however, bacteriologica
mean vaues are often skewed by outlying high vaues (BCDNRP 1994a). The high standard
deviations and large differences between maximum and minimum vaues (Table 1V.12) attest to the
occurrence of this pattern.

Site 10 exhibited the highest mean, median, maximum, and standard deviations for al bacteriologica
parameters and theleast amount of samplesbel ow themethod detectionlimit (TablelV.12). Reatively
smilar bacteriologica median vaues were observed for the three ICW Sites 36 thru 38.

Table V.12, Descriptive Statistics for Fecal Coliform (FC), Total Coliform (TC), and Fecal Streptococcus
(FS) inthe CICW Basin. All calculations represent seventeen years of sampling. However, the number
of samples per year varied occasionally at each site. 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) and the unit of measurement is colonies/200 ml (col).

Site | Parameter | unit n Median Mean SD Max Min #
MDL
36 FC col 66 31 167 408 1800 35] 14
37 FC col 66 30 81 190 1400 35] 19
38 FC col 67 37 112 234 1300 35| 12
10 FC col 74 62 330 876 6600 35] 19
36 TC col 66 300 748 1592 11000 12 8
37 TC col 66 170 355 688 5300 12 g
38 TC col 66 280 522 823 4700 5 4
10 TC col 74 450 2550 9541 80000 12 4
36 FS col 7 33 234 825 6400 121 24
37 FS col 7 49 137 282 2100 2] 27
38 FS col 7 49 246 722 5400 12] 25
10 ES col 5 100 726 3920 34000 121 19

Dueto the large amount of variability around the mean, yearly box plots were plotted for FC instead
of the mean (Figure 1V.25). For example, four 1991 FC samples were obtained at Site 10. The
resultswere 30, 50, 60 and 6,600 colonies/100 ml which yieldsamean of 1,685 + 3,277 colonies/100
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FigurelV.24. Central Intracoastal Waterway 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 values were not observed in the basin.
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FigureIV.25. Yearly Box Plots of Fecal Coliform (FC) Levels Within the Central Intracoastal Waterway Basin from 1981 to 1997. Medians and percentiles
calculated from quarterly samples (n=4) unless noted on upper x-axis. FC levels should be below the Broward County single sample standard (800 colonies/
100 ml) indicated by the dashed line. Numbersin parentheses represent 75th percentile values that extend beyond the y-axis scale.
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ml but amedian of only 55 colonies/200 ml.

Y early FC median vaues were below the single sample standard (800 colonies/100 ml) a al Stes
during all years (Figure 1V.25). However, occasona high FC concentrations were observed,
particularly a Site 10, which exhibited the highest annua medians and 75" percentile vauesduring the
1990's. From 1981-85, some samples at Sites 36 thru 38 were above the 800 colonies/100 ml
standard. However, the 1990's data reveded relatively lower FC content at Sites 36 thru 38 as
compared to Site 10.

All FC samples were categorized based on three different Broward County water quality standards
to better understand compliance levels (see Section IV.E.5.f). Specid congderation was given to the
closing of WWTPs within the basin (see Section 1V.F.3). Thus, the periods compared were 1981-
1986, 1987-1991, and 1992-1997. Fecd coliform compliance levels were generaly very high a dl
four Stes (FigureIV.26). Thelowest percentage of good samples was observed during 1981-1986.
However, Site 10 had identical good percentage (60.9%) during 1981-1986 as 1992-97, signifying
a decrease from the 1987-91 sampling period. The three ICW Sites 36 thru 38 had at least ninety
percent compliance (i.e., < 800 colonies/100ml) after 1986.

Seasonal (wet versus dry) FC differences were not observed in the basin (Figure 1V.27). Site 10
showed the largest range of median to 95" percentile data for both seasons. Furthermore, an
occasiona (90" percentile) FC measurement was greater than the 800 colonies/100 ml standard. Site
36 a'so had some samples (95" percentile) above the 800 colonies’100 ml standard during the wet
season, but ICW samples were normaly low with medians never exceeding 100 colonies/100 ml for
the nine-year period.

6. Basn Summary

The CICW Basin was divided more by geographicad smilarity than hydrologica connectivity. The
northernmost Site 36islikely inatidal trangtion zone between the NICW and the CICW basins. Two
gtes with smilar latitude but different water sources (Sites 10 and 37) exist a two separate Sunrise
Boulevard Bridges. Findly, the southernmogst Site 38 exigts at the northern border of Port Everglades
and likely represents the area with the most interaction with coastad water. The following will
summarize whether these hydrologically distinct but geographicaly smilar Steshavesmilar or different
water quality characterigtics. In addition, the influence of WWTP discharges and seasond effectswill
aso bediscussed. Findly, questions about the CICW basin brought forth by thisinitid data andyss
effort are listed to support future monitoring and resource planning.

a. Influence of WWT Ps Dischar ge

Sites 36 and 37 showed the greatest response to the end of WWTP discharges. Annua nutrient
concentrations, especidly TP, substantially decreased after 1986. In addition, the number of low DO
obsarvations (< 4.0 mg/l) decreased at Sites 36 and 37 after WWTP closures. Site 10 aso exhibited
improvements in water quality after the closure of WWTPs, with the exception of FC content. Site 38
showed little trends when compared to the closing of the WWTP discharging into Port Everglades.
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FigureIV.26. Fecal Coliform (FC) Concentrations Observed in the Central Intracoastal Waterway 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.
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Figure V.26 (Cont.). Fecal Coliform (FC) Concentrations Observed in the Central Intracoastal Waterway 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/200 ml
(good rating) and no single reading shall be above 800 colonies/100 ml (poor rating). Va ues between 201 and 800 colonies per 100 ml are defined asfair.
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Figure1V.27. Central Intracoastal Waterway 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 values were not observed in the basin.
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Thismay be due to the dynamic flushing (tiddl) that takes place within Port Everglades. Interestingly,
Site38's TN vauesdightly increased in the 1990s as compared to the yearswhen WWTPsdischarged
into surface waters (<1986), but values were till less than the 1.500 mg/l standard.

b. Basn Water Quality Comparison (Post-WWTPs)

Overdl, the CICW Basin's ambient water qudity was relatively good, particularly over the last five
years. Only occasiondly elevated TP concentrations were noted in the 1990's but the percentage of
samples rated poor (i.e., 0.100 mg/l) was much lower than seen in the 1980's. Site 38, in close
proximity to the Port Everglades Inlet, generdly had the best water qudity of thebasin. Similar to Site
34 inthe NICW, Site 38's water quality is heavily influenced by tidd flushing of coastd water which
contributes to its relative good ambient water qudity. Site 10, theinland-mogt Ste, typicaly exhibited
the poorest water quadity of the four Stes, primarily due to occasiona low DO content and relatively
high FC concentrations. Asthe ‘tributary’ dte, the area at Site 10 receives water from the western
tributary (Middle River/C-13) directly. Thus, water qudity decreases when moving from the coastal
inlet to upstream tributaries. However, the mgjor water quaity parametersinvestigated (DO, TP, TN
and FC) rarely ranked poor in the respective compliance leve categories at Site 10.

Site 10's FC leves in the 1990s may warrant additional observations. Median FC levels were
consistently around 200 colonies/100 ml even during the dry season (see Figure 1V.27) and 75"
percentile vaues were typicaly near or above 400 colonies’100 ml.  Although the Sngle sample
standard is 800 colonies/100 ml, monthly averages are supposed to be below 200 colonies/100 ml.
The current BCDPEP ambient monitoring network is not designed to collect the ten samples needed
to define a monthly average (see state of Florida 1998, FAC 62-302). Potentialy, some extra
monitoring may be needed in this area but it should be emphasized the current single sample standard
(800 colonies/100 ml) israrely violated.

c. Seasonal Differences

Statigticd differences were observed for DO content at dl four sites. As discussed previoudy,
temperature changes alone between wet and dry seasons can explain lower dissolved oxygen
concentration in a waterbody. With the exception of Site 10's wet season, dmost al wet and dry
season sampleswere abovethe 4.0 mg/l Broward County standard (i.e., withincompliance) at dl Stes.

For the other mgor parameters (TP, TN, and FC), wet season val ues were not Sgnificantly different
than dry season concentrations. Potentidly, this meansthe input of coastal water and/or freshwater
may mask seasona patterns and/or the sample Sze may reduce the power of this seasond andyss.
Unfortunately, residence time has not been computed for Broward's estuarine water. Mainly TP
concentrations exceeded existing BC water qudity standards during both seasons at dl steswith Site
10 and 36 having the highest values. Dry season TN vaues tended to have more variagbility than wet
seasons concentrations while TP vaues were characterized by dightly more scatter in the wet season.
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d. Future Monitoring Questions

One goal of this report is to develop strategic guideines 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 CICW, the hydrologic flow regime needs to be better
defined. Improved physica information would likely improve the understanding of possible nutrient
trangport (TP, TN and/or DIN [NO,+NO3-N plus NH;-N) from western freshwater cands and
offshore. It would dso assst in defining the hydrologica divison between the NICW and CICW.
Thus the following are proposed for the CICW:

C At low tide, does Site 38 have worse water quality than observed with an ambient monitoring
effort (i.e, What is the poorest water being transported offshore?)

C Asan edtuarine waterbody, what extent istheinfluence of a“sat wedge’ from the east and the
freshwater from the west?

C What is sormwater qudity like directly entering the numerous finger cands that reach the
ICW?

C How does intermittent discharges from the sdinity structures influence water qudity, as well
asoverdl estuarine hydraulic resdence time?

C Areoccasona high TP values indicative of western nutrient loading and is water column
biology being effected?

C Although TN levesare normdly within compliance the of Broward County standard, are DIN
levels (DIN, NO,+NO3s-N plus NH;) of more importance to water column biology?

C Whereisthe physica divison actudly observed between the NICW and the CICW?

C Aretheupper range(i.e., 75" percentile) of fecal coliform observations a Site 10 anomaous
or anindication of potentid contamination?

C What isthewater qudity of themain Middle River (particularly east of 1-95 to west of US 1)?



G. ICW - Southern Basin
1. Geographic Locale

The Southern Intracoastal Waterway (SICW) basin is located in the southeast corner of Broward
County (FigurelV.28) andincludesthe municipditiesof Ft. Lauderdale, DaniaBeach, Hollywood, and
Halandde. Coastal oceanwater primarily comes from the Port EvergladesInlet. Inthe north areaof
the basin, freshwater originates primarily from the eastern C-11 Cand which dischargesinto the Dania
Cut-off Candl. The confluence of the Dania Cut-off Cana and SICW is gpproximately one and one
half miles south of Port Everglades. The centrd and southern reaches do not have amgor tributary.
However, thebasin’ s southern hydrology islikely influenced by Miami-Dade County’ sHaulover Inlet,
ICW, and the C-9 Canal system.

2. Land Use and Activities Impacting Water Quality

Three main aress divide the land use around the SICW. The north portion has both mangrove
communities (John U. Lloyd State Park) dong the eastern shore while the western shore is a mgor
shipping port (Port Everglades). The centrd areais dominated by a 1,200 acre mangrove preserve
(Broward County’s West Lake Park). The southern region of the basin is densely populated with
resdential (houses and condominiums) and commercia properties (hotels, restaurants, and marinas).
The SICW has relatively less finger cands then the NICW and CICW but has two large ‘lakes
atifiadly cut into thel CW channd near Hollywood Boulevard. Overdl, bulkheaded seawallsare not
as prominent inthe SICW asin the NICW and CICW dueto thelarge areas of mangroveforests. The
waterway is used primarily by alarge volume of boat (recregtional and commercid) traffic less than
100 feet (length) in the south and by very large (greater than 500 feet) ocean going commercid oil
tankers, cargo and cruise ships that characterize Port Everglades and Port Dania Beach.

Stormwater outfalsin the areaare primarily associated with mgor roadways and bridges, including
State Road A1A, Dania Beach Boulevard, Sheridan Street, Hollywood Boulevard, and Hallandde
Beach Boulevard (Figure IV.28). Septic tanks are not in the immediate study area but do exist
upstream in the Dania Cut-off/C-10 Cana Basin and will be discussed more fully in Section IV.1.2.

3. Wastewater Treatment Plants Discharge History

Higoricaly, few wastewater trestment plants (WWTPs) discharged directly into the SICW. The City
of Ft. Lauderdde' s GT Lohmeyer plant discharged waste (22.750 million gallons per day (mgd)
capacity) into Port Everglades until 1984, which is just north of the SSICW Basin. The dimination of
WWTP dischargesinto the Dania Cut-off Cand occurred in 1980 when then Broward County Utilities
3A and 3B (1.095 mgd capacity) ceased dumpinginto thecanal. The C-11 Candl, western freshwater
cand tributary to the Dania Cut-off Cana (see Section 111.J.3), still received some wastewater
discharges from the Town of Davie and Hollywood L akes Country Club until 1988.
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4. Sampling L ocations and Period

Latitude and longitude measurements were determined by Globa Position System and specific Site
decriptions are given in Appendix 1. Site 39 is the northern mogt ste in the basin and is heavily
influenced by both Port Everglades and the Dania Cut-off Cand (Figure 1V.28). Site 47 represents
water quaity a the mouth of the Dania Cut-off Cand, immediately west of the confluence with the
ICW. Site40islocated inthe center of the basin just north of the Sheridan Street (Hollywood) bridge
and surrounding land use is dominated by a mangrove preserve (West Lake Park). Site 41 is the
southernmost sampling Site dong the ICW in Broward County and is a the Halandde Beach
Boulevard bridge. All stes are sampled by boat on the same day.

Sites 39 thru 41 have been sampled by BCDPEP since 1980, while Site 47 has been monitored since
1985. As Site 47 was only missing five years of observations, the data analysisin this section covers
the previous 18 years (i.e., 1980-1997). However, only temperature, dissolved oxygen, sdinity, pH,
and turbidity weremeasured during 1980 at Sites39 thru41. Theremaining parameters (total Kjeldahl
nitrogen, nitrite+nitrate-nitrogen, ammonia-nitrogen, tota nitrogen [calculated], feca coliform, tota
coliform, feca streptococcus, total phosphorus, tota organic carbon) were monitored beginning in
1981 at Sites 39 thru 41. Biochemicd oxygen demand (7-day test) monitoring occurred from 1981-
1993 at Sites 39 thru 41.. Data methodology and manipulation for this section were performed as
detailed in the methodology section (Section 11).

5. Results
a. Physical Characteristics

Water temperatures throughout the basin were relatively smilar and ranged between 18.0°C and
32.1°C (TablelV.13). Overal meantemperatureswerenearly identica among thefour siteswith Sites
40 and 41 having a dightly larger sandard deviation and median vaues. Basinwide pH levels were
very smilar between sites and showed little variability. Means and median pH vaues were dmost
identica at each dite (Table IV.13). The lowest pH value recorded was 6.9 at Site 40 while the
maximum (7.6) was seen at Site 39.

The highest mean and median dinity vaues of the entire ICW (northern, central, and southern basins)
were observed in the southern basin (Table 1V.13). The highest mean sdlinity (31.0 + 4.0 ppt) was
measured at Site 39 whilethelowest mean salinity ( 28.4 £ 6.6 ppt) was observed in the Dania Cut-of f
Cand (Site 47) immediately west of theICW. Three of thefour sitesexhibited minimum values above
15 ppt. Two SICW Sites 40 and 41 were nearly identical in sdinity characteristics.  Specific
conductance was hot consistently measured over the 17-year period but asmaller range of valueswere
noted at the SICW dgites than other (northern and central) basin aress.
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Table 1V.13. Descriptive Statisticsfor Temperature (Temp;°C=degreesCelsius), pH, Specific Conductance
(Cond; Fmhos = micromhos), and Salinity (Sal; ppt= parts per thousand) in the SICW Basin. With the
exception of Site 47, Temp, pH and Sal calculations represent eighteen years of sampling. However, the
number of samples per year occasionally varied at each site. If asample was below the method detection
limit (MDL), half of the MDL value was usedinthecalculation. Thenumber of samplesbel ow themethod
detection limit is shown in the last column (# MDL).

Site |Parameter | unit n Median Mean SD Max Min #
MDL
39 Temp °C 70.0 26.8 264 3.2 316 19.0 0
40 Temp °C 720 27.0 26.5 3.6 32.1 18.0 0
1 Temp °C 70.0 270 26.3 37 321 180 0
47 Temp °C 46.0 26.7 26.5 3.0 314 19.0 0
39 pH units 71 79 79 0.2 84 76 0
40 pH units 73 7.9 7.9 0.2 84 6.9 0
41 pH units 71 7.9 7.9 0.2 8.3 75 0
47 pH units 46 7.8 7.8 0.2 83 73 0
39 Cond Fmhos| 34 49300 47500 5242 54400 31000 0
40 Cond Fmhos| 34 47150 45781 5721 53000 27500 0
41 Cond Fmhos| 36 45150 43422 6854 53200 25900 0
47 Cond Fmhos| 30 46800 44317 8759 52600 13300 0
39 Sa ppt 63 324 310 4.0 36.2 19.1 0
40 S ppt 70 30.7 295 44 36.0 16.8 0
41 Sa ppt 69 30.1 29.2 43 354 157 0
47 So o014 46 303 234 6.6 352 63 Q

b. Total Organic Carbon and Turbidity

Mean totd organic carbon vaues were rdaively smilar between Stes with Site 39 having the lowest
average of 5.58 £ 549 mg/l (Table IV.14). The highest long term mean (7.36 + 6.95 mg/l) was
recorded at Site41. Three stes(39-41) had maximum tota organic carbon concentrations of 44.70,
44.20, and 44.50 mg/l, respectively that occurred on the same sampling day (February 16, 1982).

Turbidity levelswithin the NICW weretypicaly low and within compliance of water quaity standards.
Although the maximum turbidity vaue was 230 nephelometric turbidity units (ntu; Site 39), 253 of the
basin’s 257 samples (98.4%; raw data not shown) were within compliance (i.e., equa to or below)
the Broward County standard of 10 ntus (Broward County 1996). Long term median vaues dso
indicate enhanced turbidity values were arare occurrence.
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Table1V.14. Descriptive Statisticsfor Total Organic Carbon (TOC) and Turbidity (Turbid) Concentrations
inthe SICW Basin. Withtheexception of Site47, TOC cal culationsrepresent seventeen years of sampling
and Turbid (ntu = nephelometric turbidity units) measurements were taken for eighteen years. However,
the number of samples per year varied at each site. 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 shownin the last column (# MDL).

Site |Parameter | unit n Median Mean SD Max Min #
MDL
39 TOC mg/| 59 4.80 5.58 549 44.70 0.95 0
40 TOC mg/l 61 550 6.47 5.60 44.20 133 0
41 TOC mg/| 59 6.10 7.36 6.95 44.50 045 0
47 TOC mg/l 44 535 6.48 461 27.00 141 0
39 Turb ntu 71 2.8 6.6 27.0 230.0 0.250 1
40 Turb ntu 73 28 29 13 7.8 0.600 0
41 Turb ntu 71 18 2.1 12 7.7 0.250 1
47 Turb ntu 46 3.2 3.7 2.7 14.0 0.500 0

c. Dissolved Oxygen and Biochemical Oxygen Demand

Mean, standard deviation, and median dissolved oxygen vaues for the entire eighteen year sampling
period were nearly identical for Sites39thru41 (TablelV.15). Site47 had less samplesand exhibited
athirteen-year mean (5.2 £ 1.0 mg/l) and median (5.3 mg/l) dightly lower thanthe |ICW stes. All long
term averages were above (i.e., within compliance) the dissolved oxygen standard (Single sample) of
4.0 mg/l (Broward County 2000) athough minimum vaues did fal out of compliance.

Biochemicd oxygen demand (BOD) vadues were dso nearly identicd for dl dtesbeing a or near 1.0
mg/l (Tablel1V.15). Biochemica oxygen demand samplesnever exceeded the marine sandard of 7.0

mgl.

TableV.15. Descriptive Statistics for Dissolved Oxygen (DO) and Biochemical Oxygen Demand (BOD)
Concentrationsin the SICW Basin. With the exception of Site 47, calculations represent eighteen years
of sampling. However, the number of samples per year varied at each site. If a sample was below the
method detection limit (MDL), half of theMDL vauewasused 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
39| DO mg/l 70 5.6 5.7 13 13.6 37 0
40 DO mg/| 72 5.6 5.6 10 8.7 34 0
41 DO mg/| 70 5.8 5.6 12 85 21 0
471 DO mg/| 46 5.3 5.2 10 7.8 2.6 0
39] BOD mg/| 46 0.8 10 0.7 4.0 0.1 1
40 BOD mg/| 48 0.9 11 0.9 54 0.2 0
41 BOD mg/| 48 10 11 0.6 2.7 0.1 0
471 _BOD ma/l 28 0.8 0.9 0.7 3.8 0.2 0
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Yealy DO means reveded a pattern smilar to the long-term averages, including the relative
consstency of dissolved oxygen compliance levels through time across al Sites (Figure 1V.29). Site
41 showed adight generd trend toward higher dissolved oxygen levelsand lower variahility with time.
Only Site 47 had an annua mean near the county standard with 4.1 + 2.1 mg/l recorded in 1991.

Aswith other basins (see IV.E.5.c), DO concentrations were designated as poor, fair, and good. In
addition, the changes over time are presented with specia reference to the closing of WWTPswithin
the basin (see IV.G.3). For the three ICW dites, samples rating good were normally above sixty
percent during the whole study (Figure IV.30). Moreover, compliance with the 4.0 mg/l sandard
(good and fair samples) was a least 96.0% from 1992 to 1997. Site 41 exhibited the most
improvement over the three periods by going from 61.5% compliance during 1980-1986 to 84.0%
between 1992-1997. Site 39 and 40 exhibited an initid improvement in good ratingsfrom 1987-1991
and then a decrease during 1992-1997. However, both sites experienced less than 5.0% poor
samples. Site 47 good rating percentage was the lowest of the basin and remained fairly smilar over
time around 60%. All of the poor ratings for Site 47 occurred during 1987-1991.

From 1989 to 1997, higher dissolved oxygen vaues were normally observed during the dry season
(November through May) than during the wet season (Figure1V.31). Statistically significant seasond
differenceswere observed at Sites 39, 40, and 47 between wet and dry season nineyear means (t-test,
p < 0.001) but not at Site41. However, amogt al vaueswere at or above 4.0 mg/l at each siteduring
both seasons. The only exception was Site 47's wet season 95™ percentile value.

d. Total Phosphorus

Mean and median tota phosphorus (TP) levels were typicaly below the Broward County marine
gtandard (0.050 mg/l) for the entire study (Table1V.16). Only Site 39 had a mean above 0.050 mg/l
but this was influenced by an anomaous 0.809 mg/l maximum vaue. The number of basn samples
below the TP method detection limit (MDL) ranged from 35.4 to 41.8%. During the study, TPMDL
ranged between 0.020 to 0.026 mg/l (see Methodology, Section 11).

Table1V.16. Descriptive Statistics for Total Phosphorus (TP) Concentrationsinthe SICW Basin. Except
for Site 47, cal culations represent seventeen years of sampling. However, the number of samples per year
occasionally varied at each site. |f asamplewasbelow the method detectionlimit (MDL), half of theMDL
value was used in the calculations. The number of samples below the method detection limitisshownin
thelast column (# MDL).

Site |Parameter | unit n Median Mean SD Max Min #
MDL
39 TP mg/| 65 0.033 0.056 0.106 0.809 0.010 24
40 TP mg/| 67 0.026 0.036 0.038 0.224 0.010 28
41 TP mg/| 65 0.025 0.038 0.041 0.239 0.010 23
47 IpP ma/l 47 0,028 0,046 0,047 0.190 0,010 18 |
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FigurelV.29. Annua Mean Dissolved Oxygen (DO) Content Within the Southern Intracoastal Waterway (ICW) Basin from 1980 to 1997. Y early means
and standard deviations (error bars) calculated from quarterly samples (i.e., n=4) unless noted on upper x-axis. DO levels should be above the Broward
County standard (4.0 mg/l) indicated by the dashed line.
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Figure IV.30. Dissolved Oxygen (DO) Concentrations Observed in the Southern Intracoastal Waterway Basin over Three Time Periods. DO samples 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/| are classified as good and DO levels between 4.0 to 4.9 mg/| are labeled

fair. Readings below 4.0 mg/l are defined as poor.
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Figure V.30 (Cont.). Dissolved Oxygen (DO) Concentrations Observed in the Southern Intracoastal Waterway Basin over Three Time Periods. DO samples
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 levels between 4.0 to 4.9 mg/l are labeled

fair. Readings below 4.0 mg/l are defined as poor.
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FigureIV.31. Southern Intracoastal Waterway 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 39, 40, and 47 (p < 0.001, t-test).
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The basin’s mean annud TP levels were &t or below the Broward County standard a mgjority of the
time (Figure 1V.32). The highest TP values (> 0.050 mg/l) generally occurred from 1990 to 1992.
However, the last four years (1994-1997) reveded the lowest TP values, with the exception of 1995
a Site 47.

To further investigate TP compliance patterns over time, dl individua samples were rated in terms of
Broward County’s marine TP standard (see Section 1V.E.5.d). In addition, changes over time are
presented with specia reference to the closing of WWTPs within the basin (i.e., 1981-1986, 1987-
1991, and 1992-1997; see Section IV.G.3). Theanalysisof total sampleswithin the Broward County
marine standard (0.050 mg/l) reveded high compliance levels (> 80.0%) over the previous SiX years
(1992-97, Figure 1V.33). Conversely, 1987-1991 were characterized by the highest percentage of
poor TPlevelsinthe basin. Site 47 had thelargest improvement with time, going from 50.0% (1987-
1991) to 87.5% (1992-1997).

Statistical seasonal differences were not observed over the last nine years (1989-97) and all Sites
exhibited median values within compliance of the Broward County standard during this period.
Vaiability was higher during the dry season than the wet season (Figure IV.34) and al sites had
occasional TP concentrations (95" percentile) greater than 0.100 mg/l. Only Site 47 had 75"
percentile and higher values substantialy above 0.050 mg/l. Interestingly, this occurred in the dry
Season.

e. Total Nitrogen

Tota nitrogen levels are calculated from thetotal Kjeldahl nitrogen (TKN) and nitrite+nitrate-nitrogen
(NO,+NO;) concentrations. The SICW Sites 39 thru 41 had rlaively Smilar seventeen-year mean
vaueswith Site 41 exhibiting the highest value (0.725 £ 0.537 mg/l) due to aunusudly high maximum
(4.16 mg/l). Site 47 had the least amount of samples but had the highest TN mean vaue of the basin
(0.806 + 0.358 mg/l). All medians and means were well within compliance of the Broward County
standard (1.500 mg/l, Table 1V.17).

The vast mgjority of nitrogen was comprised of TKN which measures the total amount of organic
nitrogenand ammonia-nitrogen (NH;, TablelV.17). Asseenintheother ICW basins, organic nitrogen
wasthemgor form of thetotal nitrogen vaues observed during thisstudy. Basinwide, NH; levelswere
below the method detection limit in nearly two thirds of dl sampling events. Long term median
NO,+NO; vadues were rddively low (< 0.075 mg/l) at dl stes with Site 47 having the highest
concentration (0.074 mg/l).
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FigureV.32. Annua Mean Total Phosphorus (TP) Content Within the Southern Intracoastal Waterway Basin from 1981 to 1997. Y early means and
standard deviations (error bars) calculated from quarterly samples (i.e., n=4) unless noted on upper x-axis. TP levels should be below the Broward County
marine standard (0.050 mg/l) indicated by the dashed line. Number in parentheses represents a sd outside the y-axis range.
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FigureIV.33. Total Phosphorus (TP) Concentrations Observed in the Southern Intracoastal Waterway Basin over Three Time Periods. TP levelsare
categorized in terms of compliance with the Broward County marine standard of 0.050 mg/l. The percentage below 0.050 mg/| are classified as good.
A fair rating was given to values between 0.051 mg/l to 0.099 mg/l. Values equal to or greater than twice the standard (i.e., 0.100 mg/l) are classified
as poor.
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Figure 1V.33 (Cont.). Total Phosphorus (TP) Concentrations Observed in the Southern Intracoastal Waterway (ICW) Basin over Three Time Periods. TP levels
are categorized in terms of compliance with the Broward County marine standard of 0.050 mg/l. The percentage below 0.050 mg/l are classified asgood. A
fair rating was given to values between 0.051 mg/I to 0.099 mg/l. Values equal to or greater than twice the standard (i.e., 0.100 mg/l) are classified as poor.
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FigureIV.34. Southern Intracoastal Waterway 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. Th number of samples (n) over the nine year period is shown on the upper x-axis. Statistically significant differences between wet and dry season

values were not observed in the basin
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TablelV.17. DescriptiveStatisticsfor Nitrite+Nitrate-Nitrogen (NO,+NO,), Ammonia-Nitrogen (NH,), Total
Kjeldahl Nitrogen (TKN), and Total Nitrogen (TN) in the SICW Basin. With the exception of Site 47,
calculationsrepresent seventeen yearsof sampling. However, thenumber of samplesper year occasionally
varied at each site. |f 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). Total Nitrogen was calculated as the sum of TKN and NO,+NO,.

Site | Parameter | unit n Median Mean SD Max Min #
MDL
39 | NO,+NO, | mg/l 65 0.051 0.065 0.049 0.208 0.005 4
40 | NO,+NO, | mg/l 67 0.050 0.067 0.057 0.278 0.005 8
41 | NO,+NO; | mg/l 65 0.068 0101 0221 1.780 0.005 5
47 | NO,+NO, | mg/l 47 0.074 0.085 0.065 0.276 0.005 3
39 NH, mg/| 60 0.025 0.037 0.041 0.178 0.005 40
40 NH. mgy/I 62 0.025 0.029 0.030 0.134 0.005 41
11 NH, mg/| 60 0.025 0.023 0.021 0.112 0.005 41
a7 NH, mg/l a2 0.025 0.058 0.092 0.442 0.008 21
39 TKN mg/| 64 0.475 0.580 0.332 1520 0.040 2
40 TKN mg/| 66 0550 0.589 0.298 1220 0.040 2
11 TKN mg/| 66 0514 0.624 0.395 2.380 0.040 2
47 TKN mg/| 65 0.677 0.736 0.328 1510 0.020 1
39 TN mg/| 64 0.556 0.646 0.331 1.546 0.086 | Cdc
40 TN mg/| 66 0599 0.655 0.287 1243 0025 |Cdc
41 TN mg/| 66 0.585 0.725 0.537 4.160 0.090 | Cdc
47 TN ma/l 66 Q776 0.806 0358 1716 0064 | Cdc

A generd increase in annua TN means was observed over the previous 17 years at Sites 39 thru 41
(Figure1V.35). Site47 TN averages did not show a consgtent trend with time. However, dl Stes
normaly had TN valuesbel ow the standard of 1.500 mg/l. Moreover, most annua averageswere near
or below 1.000 mg/l.

Poor, fair, and good designationswere givento al TN based on the Broward County standard (1.500
mgll, see Section 1V .E.5.€). The periodsanalyzed were 1981-1986, 1987-1991, and 1992-1997 and
were chosen based on WWTP discharge practices in the basin (see Section 1V.G.3). Good TN
samples were observed at the ICW Sites 39 thru 41 greater than 94% of the time (Figure 1V.36).
Furthermore, Site 40 showed 100% compliancefrom 1981-1997. Site47 had the highest percentage
of fair samples but poor TN levels were not seen at this location.

Seasonal differences in total nitrogen were not observed in the basin from 1989 to 1997 (Figure
IV.37). Similar to TP, TN dry season values were characterized by more variability then wet season
concentrations. However, only one 95 percentile value at Site 41 wasabove Broward’ smarine TN
standard.
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Figure|V.35. Annua Mean Total Nitrogen (TN) Content Within the Southern Intracoastal Waterway (ICW) Basin from 1981 to 1997. 'Y early means and
standard deviations (error bars) calculated from quarterly samples (i.e., n=4) unless noted on upper x-axis. TN levels should be below the Broward County
standard (1.500 mg/l) indicated by the dashed line. Number in parentheses represents a sd above x-axis scale.
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Figure IV.36. Tota Nitrogen (TN) Concentrations Observed in the Southern Intracoastal Waterway Basin over Three Time Periods. Valuesare
categorized in terms of compliance with the Broward County marine 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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Figure IV.36 (Cont.). Total Nitrogen (TN) Concentrations Observed in the Southern Intracoastal Waterway (ICW) 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 equa 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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FigureV.37. Southern Intracoastal Waterway 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 over the nine year period (n) is shown on the upper x-axis. Statistically significant
differences between wet and dry season values were not observed in the basin.
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f. Bacteriological Parameters

Bacteriologica parametersmeasured from 1981-1997 included fecd coliform, total coliform, and fecal
streptococcus. Seventeen-year median fecal coliform vaues were typicaly low throughout the study
area and were well below the 800 colonies/100 ml single sample standard (Table 1V.18). As
discussed earlier, feca coliform meanswere higher than median vaues but bacteriologica mean vaues
are often skewed by outlying high vaues (BCDNRP 1994a), asthe high sandard deviationsillustrate.

Site 47 had the highest amount of fecd coliform samples above the method detection limit and the
highest median value (70 colonies’100 ml). Site 40 and 41 samples were under the FC method
detection limit 38.8% and 40% percent of the time, respectively. Median tota coliform exhibited
smilar patterns as FC vaues while the amount of feca streptococcus samples below the method
detection limit was similar for Sites 40 and 41.

TablelV.18. Descriptive Statistics for Fecal Coliform (FC), Total Coliform (TC), and Fecal Streptococcus
(FS)inthe SICW Basin. Withthe exception of Site47, cal culationsrepresent seventeen years of sampling.
However, the number of samples per year occasionally varied at each site. 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 (col).

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

39 FC col 65 3l 104 225 1400 4 1
40 FC col 67 10 53 113 710 4 26
41 FC col 65 10 100 404 3200 4 26
47 FC col 47 70 249 730 4800 5 4
39 TC col 64 190 357 627 4500 5 6
40 TC col 66 100 239 328 1600 12 6
41 TC col 64 100 222 323 2000 5 1
47 TC col 46 450 878 2191 15000 17 1
39 FS col 65 61 206 429 2600 12 16
40 FS col 67 17 77 105 590 12 34
41 FS col 65 24 1178 8922 72000 5 30
47 £S col 47 0 101 526 3600 12 13

Due to the large amount of variability around the mean, yearly box plots were plotted for FC instead
of themean (Table1V.18). Y early median vaues were well below the single sample standard of 800
colonies/100 ml &t al stesduring dl years (Figure 1V.38). Site 47 was characterized with the highest
75" percentile values but very few high values were observed in the basin, particularly since 1991.

All FC samples were categorized poor, fair or good (see Section IV.E.5.f) based on three different
Broward County water quaity standardsand WWTP activity (see Section1V.G.3). High percentages
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FigureV.38. Yearly Box Plots of Fecal Coliform (FC) Levels Within the Southern Intracoastal Waterway Basin from 1981 to 1997. Medians and percentiles
calculated from quarterly samples (n=4) unless noted on upper x-axis. FC levels should be below the Broward County single sample standard (800 colonies/
100 ml) indicated by the dashed line. Numbersin parentheses represent 75th percentile values that extend beyond the y-axis scale.
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of good samplestypified the basin’s compliance analysis (Figure 1V.39). Site 47 was characterized
by the lowest percentage of good samples 71.4% (1985-86) of any period but that value increased
to 83.3% during 1992-97. The ICW monitoring Sites 39 thru 41 good sample percentage never
reached below 80.0% during 1981-1997. Perhaps more importantly, no poor ratings were observed
in the basin between 1992 and 1997.

The good qudity of FC samplesisfurther illugtrated in the wet and dry season andysiswheredl vaues
are below the Broward County standard line from 1989-1997 (Figure 1V .40). Furthermore, wet and
dry season medians were not sgnificantly different a any Ste. The basin’s highest median a Site 47
were ill below 200 colonies’100 ml and 95" percentile values were normally less than 400
colonies/100 ml.

6. Basn Summary

The SICW basinisessentialy separated from the CICW and NICW basinsby Port Everglades. Only
one mgor tributary system (C-11/C-10/Dania Cut-off Cands) dischargesinto the basin as compared
to the CICW and the NICW which have two tributaries. Two sampling siteswithin thebasin (39 and
47) are designed to look at ambient quality of the Port Everglades, ICW, and Dania Cut-off Cand
confluence area. Site 40 isin the centrd area of a mangrove dominated region. Findly Ste 4l isat
the southern border of Broward County and likely hasinfluence from SICW waters and Miami-Dade
County weters. The following will summarize the water quality of the basin and discuss the influence
of WWTP discharges and seasond effects. Findly, questions about the SICW basin brought forth by
thisinitid dataanalyss effort are listed to support future monitoring and resource planning.

a. Influence of WWTP Discharges

Of the three ICW basins, the SICW had the least response to the cessation of WWTP discharges.
Smadll improvements were noted for DO leves in the southern end of the basin (Sites 40 and 41) but
TP vauesactudly increased after the closure of WWTPsfrom 1987 and 1991. Inaddition, TN vaues
increased basinwide throughout the study’s time period but not to levels above loca water quaity
standards. Thelack of relationship with WWTP discharge ectivity islikely dueto the dynamic flushing
(tidd) that takes place within Port Everglades and the fact that much of the basin was not directly
recaiving WWTP discharge and/or tributary discharge. Only the north portion of the basin, Port
Everglades and the Dania Cut-off Cand areawould have been influenced by WWTPs.

b. Basn Water Quality Comparison (Post-WTTPs)

Genadly, water qudity characteridics of each Ste in the basin was rdatively smilar. Totd nitrogen
content was most exemplary of thehomogeneity at dl four stes. A further exampleistheunusudly high
annual TP observed in 1992 at all four SICW stes. However, the one non-ICW channdl Site 47 did
exhibit dightly higher TPlevelsfrom 1989-1997, especidly inthedry season. Additiondly, annua FC
medians were dightly higher a Site 47 where the largest concentrations were observed. This could
suggest dightly lower quality a Site 47 which iscongstent with the remaining ICW basinswhereinland
gtestypicdly had less qudlity.
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Figure IV.39. Fecal Coliform (FC) Concentrations Observed in the Southern Intracoastal Waterway 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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Figure V.39 (Cont.). Feca Coliform (FC) Concentrations Observed in the Southern Intracoastal Waterway 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/100 ml are defined as fair.
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Figure 1V.40. Southern Intracoastal Waterway 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) during the nine year period is shown on the upper x-axis. Statistically significant
differences between wet and dry season values were not observed in the basin.
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An interesting pattern of basinwide DO levels was observed with Sites 39, 40, and 47 having dightly
lower annud averages and more “fair” samples than Site 41. Potentidly, this may reflect higher
respiration ratesin the adjacent mangrove communities and/or more influence of freshwater flow from
the C-11/Dania Cut-off Canal. As discussed earlier, Site 41 is most removed from a western
freshwater cand than any other Stein the basin. Theinfluence of the mangrove communities on DO
levelswould need to be investigated on much finer time and space scales. Although there are some
dight differences between Site 41 and the other basin stes, it should be noted overdl DO content in
the basin was rarely poor (i.e., out of compliance).

c. Seasonal Differences

Statigtical differences were observed for DO content at three of four Sites. As discussed previoudly,
temperature changes alone between wet and dry seasons can explain lower dissolved oxygen
concentrationin awaterbody. For the other mgor parameters (TP, TN, and FC), dry season values
were not Sgnificantly different than wet season concentrations at al stes. Perhaps the most important
feature of the 1989-1997 analysis was median, 25", and 75" percentile values of DO, TP, TN, and
FC, with one exception (Site 47 TP dry season 75™ percentile) were within compliance of water
qudity standards.

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 SICW, the hydrologic flow regime needs to be better
defined and the potentia impacts of pulses created by C-11/Dania Cut-off Canal and/or stormwater
need to be better understood. Improved physica information would likely improve the understanding
of possiblenutrient (TPand/or TN, NH,, and NO,+NQO,) inflow and trangport offshore. It would also
assg in defining the hydrological division between the SICW and Miami-Dade County waters. Thus,
the following are proposed for the SICW:

C Atlow tides, does Site 39 have worse water quality than observed with an ambient monitoring
effort (i.e., What isthe poorest water being transported offshore?)

C Asaneduarinewaterbody, what extent istheinfluence of a“ sdt wedge’ from the east and the
freshwater from the west?

C What istheimpact of sormwater in the SICW, particularly Port Everglades?

C Are recent increases in TN a trend or anomalous and to what extent does DIN content
influence overdl TN vaues?

C Where is the physicd divison in the tides between the SICW and Miami-Dade County
waters?



H. New River Basin
1. Geographic Locale

The New River Basin is located in east-centra Broward County (Figure 1V.41). The primary
municipdity in this areais Ft. Lauderdale with smaller portions located in the Town of Davie and
unincorporated areas of Broward County. Thebasinischaracterized by threedigtinct areas- themain
New River, and its South and North Forks.

The South Fork receives freshwater primarily from the west or “upstream” North New River Cand
that is controlled by releases through the SFWMD’s Sewell Lock (Figure IV.41). Some eastern
portions of the North New River Cand are tiddly influenced. In addition, the South Fork receives
gpproximately thirty-three million galons per day via the Horida Power and Light cooling discharge
lake system (BCDNRP 1993). Furthermore, the remnant natura channel interacts tiddly with the
Dania Cut-off Cand (Figure 1V.41). Thus, freshwater flows from the C-11 Cand may have some
influence in the southwest reaches of the basin.

The C-12 Cand rarely suppliesfreshwater flows (see BCDPEP 19994) to the North Fork through the
SFWMD S-33 contral structure (Figure 1V.41). Due, in part, to the South Fork’ s dynamic flow and
rlativdy low volume of C-12 discharges, the North Fork primarily functions as a tida “pond”
characterized by redricted outflow to the main New River. The New River's main channel flows
through downtown Ft. Lauderdal e and receives most of itswestern flow from the South Fork and tidal
(i.e., brackish) water from the ICW.

2. Land Use and Activities Impacting Water Quality

Diverse land uses exist dong the New River. Resdentid areas with bulkheaded seawdls and well-
groomed lawns line the South Fork and main New River. An extensve commercia marine industry
exigs throughout the South Fork and North New River Cand in areas known locally as MarinaMile
and MarinaBay. In addition, consstent boat traffic occursthat at times can be congestive. The szes
of boats range from gpproximately twelve to one hundred feet athough larger vessels do occasondly
traverse the waterway.

The southwestern stretch (southwest of Interstate 595, see Figure IV .41)of the South Fork hasalarge
(55 acres) natural areacdled Pond Apple Slough, aswell asother extensive vegetation areas (Griffey
Tract) that contain relatively large areas of mangrove forests and leatherfern sands. Much of this
‘natura ared hasrip-rap in placeto protect against erosion due primarily from boat wake. 1naddition,
the Broward County Parks and Recrestion Division maintainsthe Secret Woods Nature Preserve that
contains somemangroveforest shoreline. A largeeectrical plant (FloridaPower and Light) and atrash
burning facility (Whedabrator) exist in close proximity to the South Fork’s * naturd areas , however,
only the FPL plant directly dischargesinto the waterway.

The North Fork land usesare primarily divided by the Broward Boulevard Bridge (Figure |V .41) that
dlows only smdl vessds (4 foot clearance a high tides) to access areas north of the bridge. South of
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the Broward Boulevard Bridge, bulkheaded seawdls and residentid houses smilar to the South Fork
exigs dong the main North Fork channd and in an extengve finger cand sysem. North of the
Broward Boulevard Bridge, a large mgority of the shoreline has retained its naturd state with aress
of pond apples (Annona glabra), leatherferns (Acrostichum daneafolium) and mangroves
(Laguncularia racemosa and Rhizophora mangle). In addition, giant cutgrass (Zizaniopsis
miliacea) hasflourished over thelast fiveyears. Exotic and/or nuisance speciesare dso prevaent and
include Brazilian pepper (Schinus terebinthifolius), hygro (Hygrophila polysperma) and common
reed (Phragmites australis).

The main New River meanders through the center of downtown, urban Ft. Lauderdale which is
characterized by many office centers, buildings, as well as shops and restaurants. A smdl tributary,
cdled the Tarpon River (FigureV.41) istidaly connected to the main waterway. Before reaching the
ICW, the river again traverses a bulkheaded residentid area that includes an extensive finger cand
system, including the Las Olas Ides (Figure 1V .41) that lies between the New River and Middle River
basns. This areacontains alarge (> 500) population of live aboard boaters. The potentid influence
of these boats on fecal contamination has been the foca point of extensve BCDPEP studies and is
covered elsawhere (BCDNRP 1993, 19944, 1995, 1997).

Numerous roadways cross or run contiguouswith the New River (FigurelV .41). Mot of theseroads
have sormwater systems associated with them that eventualy discharge into the New River. Dueto
the basn's development occurring before most stormwater management regulations, little to no
trestment of first flush pollutants occurs before sormwater enterstheriver. Interstate 95 crossesover
both the North and South Forks while Interstate 595 and State Road 7 traverse over the South Fork
and North New River Cana, respectively. Other mgor roadsthat have bridges over some portion of
the New River include, Broward Boulevard, Davie Boulevard, 11th Avenue, 7th Avenue, Andrews
Avenue, and 3rd Avenue. In addition, a subgtantial amount of finger cands exist in the area with
associated street end and stormwater outfals. Thus, an abundance of sormwater outfallsexigtsin the
basin. For example, athree-mile stretch of the North Fork was found to have thirty-five outfalls of
various sizes and drainage areas (BCDPEP 1999a).

Septic tanks are prevaent in the basin where the North and South Forks meet the main channd of the
New River, aswdl asin some portions of the Tarpon River. Currently, the City of Ft. Lauderddeis
implementing a program to switch these areas to sanitary sewers. While the potential impacts of these
systems have not been extensively studied, other South Foridastudiesindicate ahigh potentid for such
systems to impact adjacent surface waters (Harbor Branch Oceanographic Ingtitute 1995).

3. Wagtewater Treatment Plants Discharge History

Thefirsa WWTP plant to cease dischargeswasthe Surfsde 6 Floating Homesin 1975. F. Lauderdde
Pant “C” hdted its discharge (0.525 million gallons per day, mgd, capacity) to the North New River
Canal in 1981. Four small WWTPs (lessthan 0.10 mgd capacity) stopped disposal to the South Fork
between 1983 and 1984. The highest volume plant (5.06 mgd capacity) inthe New River Basin, Fort
Lauderdale Plant “A”, stopped discharging to the North Fork in June of 1983 to the waterway which



generdly hastheleast flow. Beyond direct dischargesto the basin, the North New River Cand, C-12
Cand, and C-11 Cands dso had WWTP discharge points (see Section |11 for details). Thus, during
periods of water control structure dischargesto the New River Basin, some indirect influence of these
WWTPs may have occurred. Overdl, thelast year of direct or indirect WWTP influence was 1988.

4. Sampling L ocations and Period

In the 1990s, the New River Basin was studied more extensively than any of Broward' s waterways
beginning with a basin wide study performed from 1991-1992 (BCDNRP 1993). From the initial
study, numerousother water quality investigationshave been performed by Broward County BCDPEP
(BCDNRP 1994a,b,c, BCDNRP 1997a,b, BCDPEP 1999a,b) aswell as other investigators (Solo-
Gabride et d. 2000). Many of these sudies focused on the North Fork of the New River because
initid sudiesindicated the waterway had the worst water qudity in the basin, if not the entire county
(seeBCDNRP 1993, 1994c¢). Inaddition, theimpact of moored vesselsintheLasOlas|deshasbeen
intensdy investigated (BCDNRP 19943, BCDNRP 1995, 1997a). Thus, numerous data sets exist
beyond the ambient water quaity network for the New River Basin.

For the purposes of thisreport, only ambient water quality network datawill be used. Thiswasdone
for two reasons. Firg, it dlowsfor better comparison between the New River Basin and other basins
sampled within the same countywide network. Second, many of the other studies have ether focused
on one parameter (e.g., fecal coliform, Las Olas Ides) or on finer tempord and spatial scales (eg.,
North Fork Hydrolab® Study, BCDPEP 1999a) in order to addressaknown water quality problem.

All stesare located in tidaly influenced waters in the southeast corner of Broward County. Latitude
and longitude measurements were determined by Globa Position System and specific Ste descriptions
aregivenin Appendix 1. Site 20 representswater quaity inthe North New River Cand (tida portion)
immediately west of the confluence with the South Fork of the New River (Bradford Marina dock).
Site 19 islocated south (approximately 100 feet) of the Davie Boulevard Bridge and is indicative of
ambient water quality of the eastern portion of the South Fork. Site 16 is located at the Broward
Boulevard Bridge (north side) and isthe North Fork’ smain water quality site. Located at the Andrews
Avenue Bridge, Ste 15 isin the main New River in the heart of downtown Ft. Lauderdae.

Sites 15, 16 and 20 have been sampled continuousy by BCDPEP since 1973. However, only
temperature, pH, dissolved oxygen, fecd coliform, and tota coliform were sampled over the entire
period. Salinity was measured from 1973-1997 at Sites 15, 19, and 20 but rangesfrom 1974 to 1997
at Site 16. Total phogphorus measurements were from 1974 to 1997. Turbidity readings began in
1975 andlast until the 1997. Fecd streptococcus measurementsbeganin 1976 until 1997. Ammonia
nitrogen, nitritetnitrate-nitrogen, tota Kjeldahl nitrogen, tota nitrogen (calculated) and total organic
carbonwerenot andyzed for until 1981. Biochemica oxygen demand monitoring occurred from 1973
until 1993 and included both the five and seven-day tests. Specific conductance recordingsstarted in
1990. With the exceptions of nitrogen species, total organic carbon, fecal streptococcus, and specific
conductance, Site 19 had two fewer years (1975 and 1976 missing) than the other sitesin the basin.
Data methodology and manipulation were performed as detailed in the methodology section (Section

).
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5. Results
a. Physical Characteristics

A one degree (Celsius) difference was observed between long term mean water temperatures at Site
16 (26.0 + 3.4°C) and Sites 19 and 20 (27.0 + 3.9°C, 27.0 + 3.6°C), respectively (Table IV.19).
Median temperatures were essentidly the same at al sites. South Fork and main New River Sites
15,19,and 20 exhibited very comparable pH vaues, induding maximum and minimum vaues (Table
IV.19). Sightly lower pH valueswere observed in the North Fork (Site 16) than the rest of the basin.

Site 15, in the main New River, was the only site with mean and median sdinity vaues over 10 parts
per thousand (ppt). Sites 16 and 20 had the basin’ sfreshest water with occasond sdinity peaksthat
never exceeded 20 ppt. Site 19's intermediate sdinity values mirrored its centrd location within the
basin. All sites had the occurrence of salinity recordings below the method detection limit indicating
adynamicrangeof sdinitiesexiged inthearea. Specific conductance va ues, though limited in number,
reflected the same generd trend as sdlinity recordings.

Table1V.19. Descriptive Statisticsfor Temperature (Temp,°C=degrees Celsius), pH, Specific Conductance
(Cond; Fmhos = micromhos), and Salinity (Sal; ppt= parts per thousand) in the New River Basin.
Calculations represent twenty-five years of sampling for temperatureand pH. Salinity measurementswere
performed for twenty-four years and specific conductance has been recorded for eight years. Site 19 had
two less years of temperature, pH, and salinity measurements. However, the number of samples per year
occasionally varied at each site. If asamplewas 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
thelast column (# MDL).

Site |Parameter | unit n Median Mean SD Max Min #
MDL
15| Temp °C 170 271.2 270 36 34.0 19.0 0
16 | Temp °C 148 270 26.0 34 320 17.8 0
19 | Temp °C 117 270 270 39 34.0 19.0 0
20 | Temp °C 138 271 26.6 3.6 340 17.8 0
15 pH units | 173 7.7 7.7 0.2 8.3 6.9 0
16 pH units | 118 75 75 0.3 8.0 6.7 0
19 pH units 141 17 7.7 0.2 82 6.8 0
20 pH units | 150 7.7 7.7 0.3 8.2 6.8 0
15 Cond |Fmhos| 32 18500 19095 13380 45300 921 0
16 Cond |Fmhos| 32 4730 7176 7666 26400 448 0
19 Cond _|Fmhos| 32 9830 10924 9611 30900 820 0
20 Cond |Fmhos| 32 2560 6595 7548 25700 600 0
15 Sal ppt 151 11.9 12.8 8.8 30.2 0.25 6
16 Sal ppt 136 2.1 37 4.0 16.3 0.25 31
19 Sal ppt 110 39 6.7 6.7 280 0.25 1
(201 sa oot ] 136 14 32 38 157 025 1 24|




b. Total Organic Carbonand Turbidity

The basin’ swesternmost Site 20 exhibited the highest TOC mean, median, and maximum vaues(Table
IV.20). Furthermore, TOC content generally declined as moving east from the North New River
Cand to the South Fork and ending in the main New River (i.e,, Ste 20 eastward to Site 15).
However, Site 16, in the North Fork, had the basin’s lowest median and mean TOC content.

At dl dtes, turbidity levels were typicaly low and normaly within compliance of Broward County’s
standard of 10 nephelometric turbidity units (ntus, Table 1V.20). Maximum vaues were above the
standard at each site but these were rare occurrences based on the median, as well as standard
deviation vaues.

TableIV.20. Descriptive Statistics for Total Organic Carbon (TOC) and Turbidity (Turb) Concentrations
inthe New River Basin. Calculations represent seventeen years of sampling for TOC and twenty-three
yearsfor Turb (ntu = nephelometric turbidity units). Only twenty-one years of turbidity readings were
made at Site 19. However, the number of samplesper year occasionally varied at each site. 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 the last column (# MDL).

Site |Parameter | unit n Median Mean SD Max Min #
MDL
15 TOC mg/| 62 16.75 16.22 4.74 24.60 6.53 0
16 TOC mg/| 62 14.15 14.98 4.99 29.00 135 0
19 TOC mg/| 62 19.40 19.22 5.69 43.20 3.23 0
20 TOC mg/| 61 21.40 20.93 5.98 46.80 3.18 0
15 Turb ntu 132 28 3.1 2.1 19.0 0.7 0
16 Turb ntu 132 40 4.2 19 15.0 0.7 0
19 Turb ntu 101 2.8 3.6 3.1 230 0.7 0
| 20 Turb ntu 133 3.1 3.8 3.8 42.0 0.7 0

c. Dissolved Oxygen and Biochemical Oxygen Demand

Mean and median dissolved oxygen concentrations were very comparable between the North New
River Cana (Site 20), South Fork (Site 19), and the main New River (Site 15, Table1V.21). These
three stes had vaues above the single sample standard of 4.0 mg/l but below the dally average
standard of 5.0 mg/l. Minimum valueswerelower a Site 19 and 20 then at Site 15. Conversdly, Site
16 (North Fork) mean and median oxygen concentrations were depressed below the 4.0 mg/l
standard.

Site 16 had the highest biochemica oxygen demand (BOD) of the basn and its maximum vaue

exceeded the 7.0 mg/l marine stlandard (Table 1V.21). Theother three Stesinthe basin weretypified
by BOD vaues near 2.0 mg/l, dthough Site 15's maximum vaue was equd to the standard.
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Table1V.21. Descriptive Statistics for Dissolved Oxygen (DO) Concentrations in the New River Basin.
Dissolved oxygen calculations represent twenty-five years of sampling. Biochemical oxygen demand
(BOD) calculations are for twenty-one years. Site 19 had two less years of observations than the other
sites. Overall, the number of samples per year occasionally varied at each site. |f asample was below the
method detection limit (MDL), half of theMDL valuewas used inthecalculations. 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
15 DO mg/| 171 4.7 4.7 13 9.1 2.0 0
16 DO mg/| 149 33 3.7 22 10.5 0.05 1
19 DO mg/| 118 4.7 4.7 15 8.8 0.1 0
20 DO mg/l 140 45 45 17 116 04 0
15 BOD mg/| 141 15 16 0.8 7.0 0.5 0
16 BOD mg/| 131 33 38 2.1 130 12 0
19 BOD mg/| 93 16 17 0.8 5.0 04 0
20 BOD mg/| 122 19 2.1 1.0 54 0.6 0

Y early averages reveded a Smilar DO compliance patterns as the long term means for Sites 15, 19,
and 20 (Figure IV.42). A more distinct tempora pattern occurred at Site 16 (North Fork), where
annud DO vaues substantially improved after 1983 when the WWTP on the North Fork closed.
Although improvements were observed a Site 16, relatively high variability around the means
consstently occurred from 1984 to 1997.

To further investigate water quality standard compliance, DO concentrationswere designated as poor,
fair, or good (see Section IV .E.5.¢) and changes over time were addressed with specid referenceto
the closing of WWTPsinthebasin (see Section 1V.H.3). Site 16 exhibited the greatest increasein DO
standard compliance (Figure 1V.43) with an increase of good rated samples from 6.4% (1973-1983)
to 58.3% (1989-1997). However, poor rated samples still existed 30.6% of the time in the North
Fork (Site 16) in the fina time period. Sites 15, 19, and 20 had relatively smilar compliance patterns
over dl three periods. Some improvements were redlized at al three sites but poor sampleswerein
existence at least 22.9% of the time and as high as 35.2%, by the end period (1989-1997).

Significant satigticd differences were observed between dry and wet season DO values at Sites 15,
19, and 20 (p<0.001, t-test) as well as Site 16 (p<0.01, t-test, Figure 1V.44) between 1989 thru
1997. Site 16 exhibited ardatively wider range of vauesthan observed at other New River sites. For
dl Stes, at least the 75" percentile wet season valuewas below the 4.0 mg/l standard. At Sites 19 and
20, median wet season values were below the county standard.

d. Total Phosphorus

Long term mean and median total phosphorus (TP) levels were at least twice the Broward County
marine standard of 0.050 mg/l standard (Table IV.22). Unusudly high maximawere observed a dl
steswhich likely contributed to high mean and sandard deviations. Although variability washigh, Ste
16 was characterized by extraordinary high (greater than 0.500 mg/l) mean and median TP levels.
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FigurelV.42. Annua Mean Dissolved Oxygen (DO) Content Within the New River Basin from 1973 to 1997. Y early means and
standard deviations (error bars) calculated from quarterly samples (i.e., n=4) unless noted on upper x-axis. DO levels should be
above the Broward County standard (4.0 mg/l) indicated by the dashed line.
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Figure 1V.43. Dissolved Oxygen (DO) Concentrations Observed in the New River Basin over Three Time Periods. DO samples 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 levels between 4.0 to 4.9 mg/l are labeled

fair. Readings below 4.0 mg/l are defined as poor.
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Figure IV.43 (Cont.). Dissolved Oxygen (DO) Concentrations Observed in the New River Basin over Three Time Periods. DO samples 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 levels between 4.0 to 4.9 mg/l are labeled fair.

Readings below 4.0 mg/| are defined as poor.
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Figure 1V.44. New River 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
a Sites 15, 19, and 20 (p < 0.001, t-test), aswell as Site 16 (p < 0.01, t-test).
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Table 1V.22. Descriptive Statistics for Total Phosphorus (TP) Concentrations in the New River Basin.
Calculations represent twenty-four years of sampling at Sites 15, 16, and 20 while Site 19 had twenty-two
years of data. However, the number of samples per year occasionally varied at each site. If asamplewas
bel ow 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

15 TP mg/l 138 0.130 0.155 0.149 1.610 0.010 1

16 TP mg/| 106 0.635 0.723 0.612 2400 0.010 0

19 TP mg/| 137 0.104 0.123 0.144 1.440 0.010 3

| 20 1P ma/l 138 0.100 0.122 0.130 1.280 0,010 8

Annua averages demonstrated the high long term median and mean TP concentrations were due to
leves primarily observed inthe 1970'sand 1980's (Figure 1V .45). Recently (1994-1997), yearly TP
means at Sites 15, 19, and 20 were below the 0.050 mg/l standard and exhibited relatively low
vaiability. Site 16 showed the basin’ s sharpest declinein TP concentrations but annua averageswere
dtill typicaly over 0.100 mg/l.

To further study TP compliance patternsover time, dll individual sampleswererated good, fair, or poor
in terms of Broward County’s marine TP standard (0.050 mg/l; see Section IV.E.5.d). In addition,
the changes over time are presented with specid reference to the closing of WWTPsin the basin (see
Section|V.H.3). The southwest areaof the basin (Sites 19 and 20) showed very smilar changeswith
time (Figure 1V .46) going from over 70.0% poorly rated samples in the first sampling period (1974-
1983) to less than or equal to 20.0% in the fina one (1989-1997). Site 15 dso demondrated
improvements in the amount of poor samples but this occurred during the trangition from the second
to thethird period. Although Site 16'sannua averages showed asubstantia decreasein TPvaueswith
time (FigurelV .45), compliance graphs (FigureV .46) illustratethat poor rated samples(i.e., >0.100
mg/l) were the dominant classfication in the North Fork through al sampling years.

Observations from 1989-97 did not reved Satigticaly sgnificant differences between wet and dry
seasons (Figure 1V.47). Interestingly, dry season TP median vaues were higher than wet season
vauesat both Sites 19 and 20, though not satistically sgnificant. Nearly al of Site 16 s TP vaues (wet
and dry season) were above the 0.050 mg/l standard and both medians were greater than 0.100 mgy/l.
All siteshad at least one season with a median vaue above the 0.050 mg/l standard.

e. Total Nitrogen

Tota Nitrogenlevelsarecaculated fromthetota Kjeldahl nitrogen (TKN) and nitrate+nitrate-nitrogen
(NO,+NO;) concentrations. Over the seventeen-year period, Site 20 had the basin’ shighest median
vaue and Site 16 had the highest mean, duein part, to an extraordinarily high maximum vaue (11.454
mg/l, TablelV.23). Sites15 and 19 exhibited long term median and mean TN values below the 1.500
mg/l standard.
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Figure1V.45. Annual Mean Total Phosphorus (TP) Levels Within the New River Basin from 1974 to 1997. Means and standard deviations (sd; error bars)
culated 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 marine standard (0.050 mg/l) isindicated by the dashed line. Note Site 16 (c) has different y-axis scale than other three graphs.
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FigureV.46. Tota Phosphorus (TP) Concentrations Observed in the New River Basin over Three Time Periods. TP levels are categorized in terms
of compliance with the Broward County marine standard of 0.050 mg/l. The percentage below 0.050 mg/I are classified as good. A fair rating was given
to values between 0.051 mg/I to 0.099 mg/l. Values equal to or greater than twice the standard (i.e., 0.100 mg/l) are classified as poor.
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Figure V.46 (Cont.). Total Phosphorus (TP) Concentrations Observed in the New River Basin over Three Time Periods. TP levels are categorized in
terms of compliance with the Broward County marine standard of 0.050 mg/l. The percentage below 0.050 mg/l are classified asgood. A fair rating was
given to values between 0.051 mg/l to 0.099 mg/l. Values equal to or greater than twice the standard (i.e., 0.100 mg/l) are classified as poor.
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Figure1V.47. New River 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) collected over the nine year period are shown on the upper x-axis. Statistically significant differences between wet and dry

season values were not observed in the basin.
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Tota Kjeldahl nitrogen represented at least 77% of medianand mean TN levels. With the exception
of Site 16's mean concentration, anmonia-nitrogen (NH;,) levestypicaly represented less than 15%
of median and mean TKN content. Thus, organic nitrogen was the main nitrogen form observed in the
basin. However, long term median and mean NO,+NO; vaues were relatively enhanced (> 0.150
mg/l) and combined with NH; values, represent ahigh amount of dissolved inorganic nitrogen (DIN).

TablelV.23. DescriptiveStatisticsfor Nitrite+Nitrate-Nitrogen (NO,+NOs), Ammonia-Nitrogen(NH,), Total
Kjeldahl Nitrogen (TKN), and Total Nitrogen (TN) in the New River Basin. All calculations represent
seventeen years of sampling. However, the number of samples per year varied occasionally at each site.
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). TN was
calculated as the sum of TKN and NO,+NO,.

Site |Parameter | unit n Median Mean SD Max Min #
MDL
15 | NO,+NO; | mg/l 68 0.250 0.277 0.168 0.666 0.005 2
16 | NO,+NO; | mg/l 68 0.162 0.233 0.338 1.750 0.005 8
19 | NO,+NO; | mg/l 68 0.289 0.300 0.175 0.728 0.005 3
20 | NO,+NO. | mg/l 67 0.193 0.249 0.164 0.705 0.005 0
15 NH, mg/I 63 0.076 0.127 0.135 0.619 0.005 11
16 NH. mg/! 63 0.108 0.533 1.213 6.350 0.005 18
19 NH, mg/I 63 0.120 0.137 0.118 0.500 0.009
20 NH, mg/I 62 0.110 0173 0.147 0.770 0.019
15 TKN mg/! 67 1.010 1.036 0.330 1.660 0.354 0
16 TKN mg/I 67 1.010 1.598 1912 11.300 0.139 0
19 TKN mg/I 67 1.160 1.128 0.310 1.700 0.174 0
20 TKN mg/! 66 1.303 1.248 0.382 2.170 0.184 0
15 TN mg/! 67 1.296 1.313 0.432 2.245 0528 | Cdc
16 TN mg/I 67 1.197 1.836 2.097 11.454 0144 | Cdc
19 TN mg/! 67 1.385 1427 0.050 2.162 0.179 | Cdc
| 20 TN ma/l 66 1533 1495 0.055 2.332 0365 ] Cdc|

Annua mean totd nitrogen (TN) content was generdly higher in the 1980's than during the 1990's &
Sites 15, 19, and 20 (Figure 1V .48). Site 16 exhibited aremarkable declinein TN vaues after 1983.
Basinwide, al annua averageswere beow (i.e., compliant) the 1.500 mg/l Broward County standard
since 1988.

Tolook closdy a standard compliance with time, TN concentrations were designated as poor, fair,
and good based onthe TN standard of 1.500 mg/l (see Section 1V.E.5.€) and changes over time are
presented with specid referenceto the closing of WWTPsin basin (see Section IV.H.3). Compliance
patterns (Figure 1V .49) were very smilar to annuad averages (1V.48), further illugtrating the decadd
difference observed at Sites 15, 19, and 20. In addition, the exceptional decrease of poor rated
samples & Site 16 is clearly due to the closing in 1983 of the WWTP plant. Inthe post-WTTPyears
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FigureIV.48. Mean Annual Tota Nitrogen (TN) Content Within the New River Basin from 1980 to 1997. Y early means and standard
deviations (error bars) calculated from quarterly samples (i.e., n=4) unless noted on upper x-axis. TN levels should be below the
Broward County standard (4.0 mg/l) indicated by the dashed line. Note Site 16 (c) has different y-axis scale than other three graphs.
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Figure IV.49. Total Nitrogen (TN) Concentrations Observed in the New River Basin over Three Time Periods. Values are categorized in terms of
compliance with the Broward County marine 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/l are classified as poor.
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Figure IV.49 (Cont.). Total Nitrogen (TN) Concentrations Observed in the New River Basin over Three Time Periods. Values are categorized in terms
of compliance with the Broward County marine TN standard of 1.500 mg/l. The percentage of samples equal to or below 1.500 mg/l 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/I are classified as poor.
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(i.e, 1989-1997), the highest TN vaues were observed in the southwest area at Sites 19 and 20
(17.6% and 22.9% fair samples, respectively).

From 1989-1997, statistical seasona differencesin TN content were observed in the western areas
of the basin (Site 19, p < 0.005; Site 20, p < 0.01; t-test) with wet season values higher than dry
(Figure 1V.50). Furthermore, Sites 19 and 20 had 75" percentile values over 1.500 mg/l with both
occurring in thewet season. Conversely Sites 16 and 15 had no Statistical difference between seasons
and only occasiona (90" percentile) exceedances of the 1.500 mg/l standard were seen in the wet
Season.

f. Bacteriological Parameters

Fecd coliform (FC), totd coliform(TC), and fecal streptococcus (FS) levelswere the bacteriol ogical
parameters measured from 1973 to 1997. Site 16 had the highest median fecd coliform vaue
throughout the study area (370 colonies/100 ml, Table IV.24) that exceeded the monthly average
standard (200 colonies/100 ml). Sites 15, 19 and 20 exhibited relatively similar medians between 170
and 200 colonies’100 ml. Maximum FC vaues well exceeded the Broward County single sample
standard of 800 colonies/100 ml, particularly a Sites 15 and 16 and amost dl samples were above
the method detection limit. Median TC and FS showed smilar spatia patterns as FC with Site 16
having the basin’'s highest median vaues.

Table V.24 Descriptive Statistics for Fecal Coliform (FC), Total Coliform (TC), and Feca Streptococcus
(FS) inthe New River Basin. Calculationsfor FC and TC represent twenty-five years of sampling with the
exception of Site 19's twenty-three years of observations. Fecal streptococcus measurements were
obtained over twenty-two years except for Site 19 (twenty-one years). However, the number of samples
per year occasionally varied at each site. 1f 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 the last column (# MDL) and the unit of measurement is colonies/100 ml (col).

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

15 FC col 159 170 489 1331 12000 5 1
16 FC col 150 370 1139 2091 12000 5 2
19 FC col 111 190 234 184 1300 20 1
20 FC col 139 200 139 376 2200 10 24
15 TC col 172 1300 3438 9297 80000 67 0
16 TC col 148 3000 8926 15453 80000 17 1
19 TC col 117 900 1526 2341 19000 100 0
20 TC col 137 1200 3278 7000 41000 73 0
15 FS col 123 220 571 875 6700 15 7
16 FS col 124 325 1030 2318 23000 12 7
19 FS col R 215 1341 8642 83000 12 6
20 £S col 123 240 830 2756 24000 17 2




Figure 1V.50. New River 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) during the nine year sampling period is shown on the upper x-axis. Statistically significant differences between wet
and dry season means were observed at Sites 19 and 20 (p < 0.005 and p < 0.01, respectively t-test).
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Due to the large amount of variability around the mean (Table IV.24), yearly box plots were plotted
for fecal coliform instead of the mean (Figure 1V.51). Site 16 congagtently displayed annua median
vaues above the single sample standard (800 colonies’100 ml). Site 15 had occasional 751 percentile
concentrations exceeding the 800 colonies/100 ml. Interestingly, FC vaues have generdly increased
at Sites 15 and 16, beginning in 1980. Y early mediansin the southwest portion of the basin (Sites 19
and 20) were normaly below the single sample standard but near the monthly average standard of 200
colonies/100 ml.

To better understand compliance levels, al FC samples were categorized good, fair, or poor based
on three different Broward County water quality standards (see Section IV.E.5.f). In addition, the
changes over time are presented with specid reference to the closing of WWTPs in the basin (see
Section 1V.H.3). FigurelV.52 dearly illugtratesthe high (> 800 colonies/200 ml) fecd coliform levels
inthe North Fork (Site 16). Interestingly, 41.5% of FC samples a Site 16 were rated good during
WWTPs operation (1973-1983) but by the final period (1989-1997), zero samplesrated good while
45.9% ranked poor. Although not nearly as distinct, Site 15 aso exhibited an increase in poor rated
samples (8.7% to 19.4%) by thefina period. Sites 19 and 20, in general, had better FC vaues than
both Sites 15 and 16.

Between 1989-1997, dl four Stes' wet season medians were higher than corresponding dry season
vaues but a gaidicaly sgnificant difference was only observed at Site 20 ( p< 0.005, Mann Whitney
Rank Sum Tegt, Figure 1V.53). Site 16 exhibited an extremdy high wet season median but varigbility
in both seasons likely caused seasond differences to be non-significant. Site 15 adso demonstrated a
large range of FC values with occasiona (90™ percentile) exceedances of the FC standard (i.e., 800
colonies/100 ml). Site 19 generdly had the lowest FC vauesin the basin.

6. Basn Summary

Since 1990, BCDPEP has studied the New River Basn more extensvely than any other basin in
Broward County. However, the current historica analys's differs from earlier work by looking at
nearly three decades of data. Site 20 represents the western area of the basin where the North New
River Cand meets the South Fork of the New River. The South Fork’seastern rangeis described by
Site19. Site 16 represents the North Fork and Site 15 characterizesthe main New River. Thus, the
folowing will summarize the water quality of the four ambient water qudity Stes that exist a
hydrologicaly different regions in the basin. In addition, the influence of WWTP discharges and
seasonal effectswill dso bediscussed. Finaly, questions about the New River Basin brought forth by
this historical data analysis are listed to support current retoration initiatives and monitoring, as well
as future resource planning.

a. Influence of WWTP Discharge
A postive characteristic of the historic observations in the North Fork (Site 16) is the substantial
improvement in water quality improved after the closure of the WWTP (Ft. Lauderdale Plant “A”) in

1983. While other ambient stes in the county aso showed water quaity improvements after WWTP
closure, the magnitude of change at Site 16 is striking. Annud TP levels decreased tenfold and TN
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Figure IV.51. Yearly Box Plots of Fecal Coliform (FC) Levelswithin the New River 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) is indicated
by the dashed line. Numbersin parentheses represent 75th percentile values that extend beyond the y-axis scale. Note Site 16 (c) has different y-scale than

other three graphs.
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FigureIV.52. Fecal Coliform (FC) Concentrations Observed in the New River 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 per 100 ml are defined as fair.
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Figure V.52 (Cont.). Feca Coliform (FC) Concentrations Observed in the New River Basin over Three Time Periods. Concentrations are categorized in terms
of compliance with the Broward County marine 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 per 100 ml are defined asfair.
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Figure1V.53. New River 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) during the nine year period is shown on the x-axis. A statistically significant difference between wet and dry season
medians was observed at Site 20 (p < 0.005, Mann-Whitney Rank Sum Test).
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concentrations decreased by over 50.0%. Dissolved oxygenlevels, though variable, wereat |east near
or above 4.0 mg/l after the closing of the WWTP.

Fecd coliform vaues increased after the WWTP closure. This may be due to the end of the release
of chlorine laden waters associated with WWTP discharges. In sufficient concentrations, chlorine
disnfectswater. Feca coliform observations after 1983 indicate a bacteriologica sourcein theriver
not associated with the WWTP. Thesourceof thisFC iscurrently under investigation and may include
stormwater, septic tanks, liveaboards, home ess populations, and/or wildlife, as well as regenerative
bacteria populationsin the soil and/or water (see BCDPEP 1999a and Solo-Gabridle et d. 2000).

The remaining three sampling points (15,19, and 20) dso showed generd improvements with the
stoppage of WWTP disposd inthebasin. Overal, nutrient concentrations were the best indicator of
the improvements observed post-WWTP disposal in the basin. In particular, Sites 15, 19, and 20
showed substantia improvement in TP content.

b. Basn Water Quality Comparison (Post-WWTP)

Asobserved inthe New River Study (BCDNRP 1993), the North Fork of the New River till hasthe
worst water qudity of the New River Basin despite the improvements seen with WWTP closures. In
fact, based on the earlier freshwater andlysis (Section 111) and other estuarine water bodies (Section
V), Site 16 has arguably the worst water qudity in the entire county (freshwater or estuarine). TP
levels were exceptiondly high (> 0.100 mg/l) and the site is the only one in this report where median
FC vaueswere cons gtently above 800 colonies/100 ml. Furthermore, DO levels appear to fluctuate
greetly suggesting high levels of biologicd activity.

A lack of consstent flow from the western areas of the county (BCDPEP 1999a), as well as the
relaively high flow rate of the South Fork (BCDNRP 1993) have been implicated as mgor reasons
for the North Fork's stagnant waters. This lack of flow undoubtedly impacts water quality
characteristics. Furthermore, at least 35 sormwater outfalsare dong athree mile stretch of river north
of Broward Boulevard (Figure 1V.41), while to the south, dead-end finger cands (with stormwater
outfdls) existsdong with resdentia land use and septic tanks. Thus, the mgority of the North Forks
main freshwater input is sormwater, although groundweater aso contributes to the overdl hydrology,
likely on a seasond basis.

Currently, improving regular freshwater flows and reducing sormwater impacts are part of a multi-
agency effort, including BCDPEP (1999), SFWMD, and the state of Florida. In addition, the City of
Ft. Lauderdale formed a Blue Ribbon Task Force that includes experts in the bacteriologicd,
virologica, and microbiologicd fieds. Furthermore, the City of Ft. Lauderda e hasbegun toimplement
achangeover of septic tank to domestic wastewater service. Theseefforts, aswell asthe United States
Environmenta Protection’s National Pollutant Discharge Elimination System, should beginto dleviate
some of the North Fork’ swater quality problems.

Elsawhereinthe basin, dightly higher TN values and lower DO concentrations observed at Site 20 are
consggtent with the moreintensive basin analysis performed from 1991-1992 (BCDNRP 1993). This



patternislikdy dueto locdized groundwater interaction inthe New River Basin, aswdl asinputsfrom
the western, freshwater North New River Cand that is characterized by waters originaing from the
Water Conservation Areas (see Section 111.1.1). Site 19 had similar attributes as Site 20, with dightly
lower TN and higher DO vaues. Site191ikely reflectsa‘ downstream’ transition occurring from North
New River Cand water (i.e., Site 20) to the eastern South Fork. Site 19 and 20 showed very Smilar
FC content.

Site 15 appeared to have more independent characteristics from other areas of the basin likely dueto
its more eastern |location and surrounding downtown land use. The sdinity at Site 15 (11.9 ppt) was
amog three times the other sampling locations. TN vaueswere normally good from 1989-1997 and
TP vaues were at the low range recorded in the basin. However, FC vaues were often elevated,
athough not to the extent of Site 16. Anintensivetida sampling project was completed in the summer
of 1999 and the data are currently being compiled and analyzed (BCDPEP unpublished data). The
results from that study should lead to a better understanding of tidal dynamics on water quaity
characterigtics (e.g., FC) in the main New River.

c. Seasonal Differences

Statistical differences were observed for DO content at al four stes (15, 16, 19, and 20). As
discussed previoudy, temperature changes aone between wet and dry seasons can explain lower
dissolved oxygen concentration in a waterbody. Sites 19 and 20 had wet season median DO
concentrations below the 4.0 mg/l standard. This occurrence may be due to more intensive
groundwater inflow in both the western portion of the New River Basin aswell asthefreshwater North
New River Cand Basin that discharges more water eastward, typically, during the wet season. Site
16 had extreme variation which suggests large swings in water column biology and possbly
groundwater input as well. Low specific conductance and high chlorophyll a (> 75.0 mg/n?)
concentrations aong with large swingsin DO content have been observed further upstreamintheNorth
Fork (BCDPEP 19994). Chlorophyll aisapigment used to estimate the biomass or amount of plant
life (primarily phytoplankton) in the water column. Large populations of plant life can impact the
dissolved oxygen dynamics of awaterbodly.

For nutrients, TP vaues were not significantly different between seasons but dry season vaues were
higher than wet season concentrationsat Sites 19 and 20. Conversaly, median wet season TP content
a Stes 15 and 16 was only dightly higher then the dry season. Tota nitrogen concentrations were
sonificantly higher in the wet season a Sites 19 and 20. This may represent more active structure
(Sewdl Lock, dso named G-54) releases and/or groundwater interaction. Thiswas suggested during
the origind New River assessment (BCDNRP 1993) and gppearsto betruefor thelong term ambient
observations, as well. Potentidly, fertilizer from the extensgve resdentia population in the areas
surrounding Sites 19 and 20 contribute to the higher wet season TN concentrations.

Site 20 ds0 exhibited the only atigticaly sgnificant seasond difference in FC content with the wet
season having higher va uesthan the dry season, whichislikely attributableto sormwater runoff. From
1989-1997, chronicaly high FC vaues were observed both seasonsin the North Fork (Site 16) with
the wet season having the only median above the single sample standard of 800 colonies/100 ml.



Recent investigations have pointed to the importance of stcormwater (BCDPEP 1999a), as well as
groundwater and tiddl interaction (Solo-Gabriele 2000) to high FC vaues. Unfortunately, the ultimate
source (s) of the FC is not definitively known a thistime. Site 15 aso had occasiond high va ues of
FC. A recent BCDPEP study (Fall of 1999) has been undertaken to understand water quaity
dynamicsat the Andrews Avenue bridge (Site 15), in particular theinfluence of tidal stage on observed
concentrations.

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 drainagebasin. Some of these recommendationsare either being investigated or are
being consdered for theNew River. Aswithdl other estuarine areasin the county, the hydrologic flow
regime needs to be better defined and the potentia impacts of pulses created by North New River
Cana and/or stormwater need to better understood. Improved physica information would likely
improve the understanding of possible nutrient (TP and/or TN, NH3, and NO,+NO;) input and
trangport to the ICW and offshore. It would aso asss in defining the hydrologicd divison between
the North and South Forks. Thus the following are proposed for the New River Basin:

C Asaneduarinewaterbody, what extent istheinfluence of a“ sdt wedge’ from the east and the
freshwater from the west?

¢ How does sormwater qudlity effect the New River Basin both acutely and chronicaly?

C What is the main TP source in the North Fork and is sediment / water column interaction
important to observed ambient vaues?

C Wha isthe main FC source in the North Fork and main New River and is FC regeneration
occurring (e.g., in ormwater catch basns)?

C Doesthe Sewell Lock discharge dissolved inorganic nitrogen at levels of concern?
C Arethere water column imbalances because of nutrient inputs?

C What isthecolor gradient fromthe“ted’ colored tannic waters of thewest to the coastal water
of the east basin?

C Would anincrease in S-33 flows improve North Fork water quaity?



|. Dania Cut-off/C-10 Canal Basin
1. Geographic Locale

The Dania Cut-off/C-10 Cand Basin is located in the southeast corner of Broward County (Figure
IV.54). The primary municipditiesin thisareaare Ft. Lauderdde, Dania Beach, and Hollywood. In
addition, large areas of unincorporated Broward County exist in the area. Freshwater originates
primarily from the C-11 Cand to the west or “upstream” of the Dania Cut-off Cana and is controlled
by rel easesthrough the SFWMD’ s S-13 control structure. Ocean water primarily comesfromthe Port
Everglades Inlet. Some tidd interaction aso occurs with the South Fork of the New River in the
western reaches of the Dania Cut-off Cand.

Originating in western Hollywood, the C-10 Cana connects to the Dania Cut-off Cana east of 1-95.
Stormwater is the main freshwater contribution to the C-10 Cand as no freshwater cands discharge
from thewest. Tidd interaction with the Dania Cut-off Cand provides the connection with that basin
and likely increases the brackish environment in the north end of the cand.

2. Land Use and Activities Impacting Water Quality

Numerous and diverse land uses exist dong the Dania Cut-off Canal. A naturd mangrove forest
borders acommercid port and severa small marinas (Port Dania Beach) in the eastern section (east
of US 1, Figure IV.54). The marina area contains some live aboard vessdls. In addition, a smal
agricultura (primarily vegetable farming) operation isin the area A large airport (Ft. Lauderdae-
Hollywood International) and two mgjor roadways (Interstate 95 and US 1) are Stuated in the central
areawhere the C-10 meets the Dania Cut-off Candl.

The western corridor has large areas of vegetative buffers along the shoreline, as well as, a large
electricd plant (Horida Power and Light) that withdraws water from the canal that eventualy
dischargesinto the South Fork of the New River. Findly, resdentid housing with bulkheaded seawalls
are interspersed throughout the canal with some neighborhoods served by septic systems.

The northern C-10 Cana has large tracts of naturd shoreline, primarily Brazilian Pepper trees, mixed
withmarineindustries (small vessdls), and alarge shopping complex, Oakwood Plaza. The C-10 splits
into two separate“tributaries’, the southern portion (Hollywood Canal) and the east-west oriented (C-
10 Spur Cand). These tributaries are dominated by residential areaswith bulkhead seawalls. The C-
10 Spur Cand dso has two golf courses at its western reach.

Interstate 95 crosses both the Dania Cut-off Canal, Hollywood Canal, and the C-10 Spur Candl. In
addition, primary connector roads (e.g., Ravenswood Road) exist throughout the area with
accompanying outfals. Numerous finger canas aso exist in both the Dania Cut-off and C-10
waterways which adso have outfdls.

The Dania Cut-off Cand has two main resdentia areas that are served by septic tanks in both the
western and eastern range.  The influence of these septic systems on the waterway has not been
investigated to date.
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3. Wagtewater Treatment Plants Discharge History

WWTP dischargesinto the Dania Cut-off Cand occurred until 1980 when the Broward County Utility
(1.095 million gallons per day capacity) stopped discharging treasted wastewater into the cana. The
C-11 Cand, western freshwater cand, still received some wastewater discharges from the Town of
Davie and Hollywood L akes Country Club until 1988.

4. Sampling L ocations and Period

All stesarelocated in tiddly influenced waters in the southeast corner of Broward County. Latitude
and longitude measurements were determined by Globa Position System and specific Ste descriptions
are given in Appendix 1. The basins three assessment Stes are located in a geographicd triangle
(Figure1V.54). Inthe Dania Cut-off Candl, Site 24 is the eastern location and is sampled from the
U.S. 1 bridge. Thewestern Site 26 isaso inthe Dania Cut-off Cand at the Ravenswood Road bridge.
Site 25is the C-10 sampling located approximately 1 mile north of the confluence of C-10 Spur and
the Hollywood Cana and is sampled from the Stirling Road bridge.

Site 26 has been sampled continuoudy by BCDPEP since 1973. While Site 24 measurements began
in 1973, ahiatus occurred between October 1974 and October 1978 and then sampling continuedin
unison with Site 26. Site 25 monitoring ranged from 1980-1997. Astwo of the three sites had data
acquistionperiodsin the saventies, dl avallable datawasused inthisanalyss. However, totd Kjeldahl
nitrogen and total organic carbon were not andyzed for until 1981. Additionaly, biochemica oxygen
demand monitoring occurred from 1981-1993 while specific conductance was recorded from 1990-
1997. Data methodology and manipulation for this section was performed as detailed in the
methodology section (Section I1).

5. Results
a. Physical Characteristics

Mean water temperatures throughout the basin were ratively smilar ranging from 26.5 + 3.4°C to
26.9 = 3.5°C (Table 1V.25). The lowest minimum temperature (17.8°C) was observed at the inland
mog ste (26), while maximum temperatures were comparable among the three sampling locations.
Nearly identica mean and median pH vaues were observed a dl three Stes (Table 1V.25).

Large sdinity ranges were observed at al three stes with Site 24 having the highest median and mean
vaues (Table 1V.25). Sites 25 and 26 demongtrated Smilar median and mean sdinitiesreflecting their
more inland location. The maximum sdinity vaue (33.9 ppt) was recorded at Site 24 while dl three
gtes had samples that were below the method detection limit.  Spatiadly, specific conductance
recordings were smilar to salinity observations with Site 24 having the highest readings.



Table IV.25. Descriptive Statisticsfor Temperature (Temp, °C=degreesCelsius), pH, Specific Conductance
(Cond, Fmhos = micromhos), and, Salinity (Sal, ppt= parts per thousand) in the DaniaCut-off/C-10 Canal
Basins. Temperature, pH, and salinity cal culations represent 25, 22, and 18 years of sampling at Sites 26,
24, and 25, respectively. Conductance values obtained since 1990. However, the number of samples per
year occasionally varied at each site. 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 MDL is shown in the last
column (# MDL).

Site |Parameter | unit n Median Mean SD Max Min #
MDL
24| Temp °C 9 215 26.8 35 335 20.0 0
25 | Temp °C 66 27.2 26.5 34 330 200 0
26 | Temp °C 165 215 26.9 35 335 17.8 0
24 pH units 101 7.6 7.6 0.227 83 7.1 0
25 pH units 68 75 75 0.231 7.8 6.8 0
26 pH units | 158 7.6 7.6 0.254 8.2 6.7 0
24 Cond |Fmhos| 31 31200 28756 12225 51500 2190 0
25 Cond _|Fmhos| 32 17900 16929 9544 36800 1540 0
26 Cond |Fmhos| 32 20550 21017 12964 46100 1208 0
24 Sal ppt 88 16.6 16.3 8.7 339 05 1
25 Sal ppt 65 10.6 105 6.5 24.2 0.25 2
26 Sl ppt 144 105 11.5 8.6 31.9 0.25 4

b. Total Organic Carbonand Turbidity

With amean of 15.56 + 7.19 mg/l, Site 26 had the basin’ shighest total organic carbon (TOC) content
and the largest range of values (Table IV.26). In addition, the basin’s overal maximum TOC
concentration (45.80 mg/l) was at Site 26. Sites 24 and 25 had very smilar TOC averages and
medians around 10.0 mg/l.

Turbidity levels within the Dania Cut-off Cand were typicaly low and normdly within compliance of
Broward County’s standard of 10 nephelometric turbidity units (ntus;, Table 1). Only Site 26 had a
turbidity val ue (18.0 ntus) above the standard, however, the remaining 132 measurements were bel ow
10 ntus.
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Table1V.26. Descriptive Statistics for Total Organic Carbon (TOC) and Turbidity (Turb) Concentrations
in the DaniaCut-off/C-10 Canal Basin. All TOC calculationswereperformed on 18 yearsof data. Turbidity
(ntus = nephelometric turbidity units) calculations represent 23, 20, and 18 years of sampling at Sites 26,
24, and 25, respectively. However, the number of samples per year occasionally varied at each site. 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
24 TOC mg/| 61 10.20 11.26 5.87 35.10 241 0
25 TOC mg/| 62 10.20 10.28 4.82 41.20 1.60 0
26 TOC mg/| 62 16.25 15.56 7.19 45.80 057 0
24 Turb ntu 90 24 2.6 12 8.6 0.9 0
25 Turb ntu 68 18 21 0.9 5.7 0.7 0
| 26 Turb ntu 133 2.3 2.7 17 18.0 0.6 0

c. Dissolved Oxygen and Biochemical Oxygen Demand

Mean and median dissolved oxygen (DO) concentrations for the entire study period were very
comparable between dl sites and above (i.e., within compliance) the DO standard (Sngle sample) of
4.0 mg/l (Table 1V.27). However, mean and median DO vaues were below the daily average
standard of 5.0 mg/l at each Site.

Biochemical oxygen demand concentrations were dightly lower at Site 24 than Sites 25 and 26,
however dl mean and median vdueswere bdow 20 mg/l. All vaues, including maxima, were below
(i.e., within compliance) of the 7.0 mg/l andard.

TableV.27. Descriptive Statistics for Dissolved Oxygen (DO) and Biochemical Oxygen Demand (BOD)
Concentrationsin the Dania Cut-off/C-10 Canal Basin. Calculationsfor DO represent 25, 22, and 18 years
of sampling at Sites 26, 24, and 25, respectively. Biochemica oxygen demand calculations are for 21, 18,
and 14 years of data at Sites 26, 24, and 25, respectively and include both BOD 5 and 7 day tests results.
However, the number of samples per year occasionally varied at each site. If a sample was below the
method detectionlimit (MDL), half of the MDL valuewas used in the calcul 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

24l DO mg/| 101 4.6 4.6 12 84 0.2 0
25| DO mg/| 68 4.7 4.8 16 10.3 13
26] DO mg/l 158 4.7 48 16 10.3 0.03 1
24| BOD mg/| 82 13 15 0.9 5.0 0.6 0
25| BOD mg/| 48 17 1.9 09 4.6 0.7 0
261 _BOD may| 132 18 13 09 60 03 0
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Yearly DO averages reveded a smilar compliance pattern as the long term means, however, clear
tempora trends through the entire study period did not occur (Figure 1V.55). In addition, obvious
differences between the three stes were not apparent. Certain years(e.g., 1987) were characterized
by rdatively high variahility in dissolved oxygen content. In addition, someyears(e.g., 1991) yielded
annua averages below the 4.0 mg/l standard.

To further investigate the rdationship to water quality standard compliance, DO concentrations were
designated as poor, fair, and good (see Section 1V.E.5.c). In addition, the changes over time are
presented with specid reference to the closing of WWTPs in the basin (see Section 1V.1.3). The
percentage of dissolved oxygen samplesachieving standard compliancerevea edimprovementsat Sites
24 and 25 but little changes at Site 26 (Figure IV .56). Specificdly, Site 25 redlized adecreasein poor
samples from 62.5% (1980-1982) to 8.3% (1992-1997). The percentage of good samples at Sites
24 and 25 increased from under 40.0% (1983-1991) to around 60.0% from 1992 to 1997. Although
the good rating percentagesremained similar for al three periodsat Site 26 (range = 44.4%t0 46.9%),
samples below 4.0 mg/l (i.e., poor) decreased from 36.2% to 20.9% over the last two eras.

From 1989 to 1997, higher dissolved oxygen vaues were normally observed during the dry season
(November through May) than during the wet season (Figure 1V .57). Statistically significant seasond
differences were observed in the Dania Cut-off Cand at Sites 24 and 26 (p < 0.001, t-test), as well
asthe C-10 Cand at Site 25 (p < 0.005, t-test). Overal, Site 26 had the highest number of samples
below 4.0 mg/l.

d. Total Phosphorus

Long term mean total phosphorus (TP) levels were above the Broward County marine standard of
0.050 mg/l stlandard (Table IV.28). Unusudly high maxima were observed at Sites 24 and 26 but
median vaues were ether near (0.049 mg/l; Site 24) or well above (0.080 mg/l; Site 26) the 0.050
mg/l level. The number of samples below the method detection limit was rdatively low for this basin.

Table1V.28. Descriptive Statistics for Total Phosphorus (TP) Concentrations in the Dania Cut-off/C-10
Basin. Calculations represent 24, 20, and 18 years of sampling at Sites 26, 24, and 25, respectively.
However, the number of samples per yearvaried at each site. |f asample was below the method detection
limit (MDL), haf oftheMDL valuewasused inthecal culations. The number of samplesbel ow the method
detection limit is shown in the last column (# MDL).

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

24 TP mg/I 0 0.049 0.090 0.266 2.540 0.010 11

25 TP mg/! 68 0.053 0.067 0.065 0.498 0.010 5

26 1P mo/l 138 0.030 0008 0132 1470 0.010 7
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Figure 1V.55. Annual Mean Dissolved Oxygen (DO) Content Within the Dania Cut-off/C-10 Cana 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.
DO concentrations should be above the Broward County standard (4.0 mg/l) indicated by the dashed line.
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Figure1V.56. Dissolved Oxygen (DO) Concentrations Observed in the Dania Cut-off/C-10 Canal Basin over Three Time Periods. DO samples 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 levels between 4.0 to 4.9
mg/l are labeled fair. Readings below 4.0 mg/l are defined as poor.
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Figure V.56 (Cont.). Dissolved Oxygen (DO) Concentrations Observed in the Dania Cut-off/C-10 Canal Basin over Three Time Periods. DO samples
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 equa to 5.0 mg/l are classified as good and DO levels between 4.0 to 4.9 mg/l

are labeled fair. Readings below 4.0 mg/l are defined as poor.
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Figure 1V.57. Dania Cut-off/C-10 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 24 and 26 (p < 0.001, t-test), aswell as Site 25 (p < 0.005, t-test).
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Ingenerd, Sites 24 and 26 annud TP levels have decreased from the 1970'sto the 1990's (Figure
1V.58). However, adigtinct long term trend is not gpparent due mostly to inter- and intra- annua
vaidhility. Overdl, only twelve of sixty-two combined sampling years (all three Sites) had an
annua mean TP content below the Broward County standard 0.050 mg/l. The last five years of
observations in the basin suggests a decrease in TP occurred in the basin as compared to the
preceding years (i.e., 1974-1992). However, relatively low concentrations have been observed
inearlier years(e.g., Site 26, 1988 and 1989) only to be followed by annud averages moretypical
of eech dte. Anomaoudy high vaues (see Table 1V.28) occurred during in 1986 and/or 1987 at
al gtes (Figure IV .58).

To further study TP compliance patterns over time, dl individua samples were rated in terms of
Broward County’s marine TP standard (0.050 mg/l; see Section IV.E.5.d). In addition, the
changes over time are presented with specid reference to the closing of WWTP in basin (see
Section 1V.1.3). The andyss of total samples within compliance of the Broward County marine
standard (0.050 mg/l) reveded a more noticeable decrease in TP content with time than annua
averages (Figure 1V.59). Sites 24 and 26 demonstrated the most improvement, especialy from
1992 through 1997 when 70.8% of samples rated good. Although compliance percentage (i.e.,
# 0.05 mg/l) only increased seven percent between the last two time spans, the amount of poor
samples dropped below 10.0% at Site 25.

Observations from 1989-97 reveded no datistical differences between wet and dry seasons
(Figure IV.60). Medians from al season and locations were at or below the Broward County
standard. Site 26 had the most occurrences over the standard based on the large range between
the median and 75" (dry season) and 90" (wet season) percentiles.

e. Total Nitrogen

Tota nitrogen levels are cdculated from the totd Kjeldahl nitrogen (TKN) and nitratet+nitrate
(NO,+NO;) concentrations (Table 1V.29). Over the 17-year period, Site 26 had the basin's
highest mean and median TN vaueswhichwerevery smilar. Despite having the highest maximum
TN vaue(8.585 mg/l), Ste 25 exhibited thelowest mean and median TN concentrations. All long
termmean and median TN va ueswere bel ow the Broward County marine stlandard (1.500 mg/l).

TKN represented over 80% of mean TN levels. Asammonia-nitrogen levelstypicaly represented
20% of TKN content, organic nitrogen was the main nitrogen form observed in the basin.
However, NO,+NO; leves were above the method detection limit in nearly al samples and
condtituted 34% of the median TN a Site 25. Furthermore, enhanced long term median
NO,+NO; leves (>0.100 mg/l) were observed throughout the basin and Site 26 had median and
means over 0.200 mg/l.
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FigureIV.58. Annua Mean Tota Phosphorus (TP) Levels Within the Dania Cut-off/ C-10 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) noted on the upper x-axis. The Broward County single
sample marine standard (0.05 mg/l) is indicated by the dashed line. The numbersin parentheses represents a mean and sd above the y-axis scale.
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Figure 1V.59. Tota Phosphorus (TP) Concentrations Observed in the Dania Cut-off/C-10 Canal Basin over Three Time Periods. TP levels are categorized
in terms of compliance with the Broward County marine standard of 0.050 mg/I. The percentage below 0.050 mg/| are classified as good. A fair rating was
given to values between 0.051 mg/l to 0.099 mg/l. Vaues equal to or greater than twice the standard (i.e., 0.100 mg/l) are classified as poor.
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Figure V.59 (Cont.). Total Phosphorus (TP) Concentrations Observed in the Dania Cut-off/C-10 Canal Basin over Three Time Periods. TP levelsare
categorized in terms of compliance with the Broward County marine standard of 0.050 mg/l. The percentage below 0.050 mg/l are classified as good.
A fair rating was given to values between 0.051 mg/l to 0.099 mg/l. Vaues equal to or greater than twice the standard (i.e., 0.100 mg/l) are classified as

poor.
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Figure 1V.60. Dania Cut-off/C-10 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. Statistically
significant differences between wet and dry season values were not observed in the basin.
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TablelV.29. DescriptiveStatisticsfor Nitrite+Nitrate-Nitrogen (NO,+NO,), Ammonia-Nitrogen (NH,), Total
Kjeldahl Nitrogen (TKN) , and Total Nitrogen (TN) in the Dania Cut-off Canal/C-10 Canal Basin. All
calculations represent seventeen years of sampling, however, the number of samples (n) varied per year
at each site. 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 the last column (#
MDL). Tota nitrogen was calculated as the sum of TKN and NO,+NO;.

Site | Parameter | unit n Median Mean SD Max Min #
MDL
24 | NO,+NO; | mg/l 67 0.175 0.181 0.111 0.449 0.005 1
25 | NO+NO; | mg/l 68 0.130 0.145 0.100 0.585 0.005 2
26 | NO+NO; | mg/l 68 0.216 0.223 0.131 0.589 0.005 1
24 NH, mg/l 63 0.085 0.158 0.199 0.972 0.005 17
25 NH, mg/| 62 0.148 0.168 0.142 0.661 0.009 10
26 NH, mg/| 63 0.145 0.214 0.244 1.400 0.005 1
24 TKN mg/| 66 0.841 0.864 0.385 2.040 0.020 1
25 TKN mg/| 66 0.577 0.862 0.936 8.000 0.139 0
26 TKN mg/| 67 1.050 1.066 0.462 2.210 0.289 0
24 TN mg/| 66 0.980 1046 0451 2.236 0108 ] Cdc
25 TN mg/| 66 0.887 1.008 0.99%5 8585 0324 ] Cdc
| 26 N ma/l 67 1.280 1.290 0.550 2535 0325 ] Cdc]|

Annua mean tota nitrogen (TN) content was generaly higher in the 1980's than during the 1990's &
dl three Steswith Site 26 exhibiting the most obvious decrease with time (Figure 1V.61). All annua
averageswere within the 1.500 mg/l Broward County standard since 1990. Site 25 was characterized
by the lowest mean content over the last eight years, while Site 26 normaly had the highest annua
averagesinthe basin. In addition, Site 26 had the most TN concentrations above 1.500 mg/l based
on standard deviations of the yearly means.

Tolook more closdly at standard compliance withtime, TN concentrations were designated as poor,
fair, and good based on the county standard of 1.500 mg/l (see Section IV.E.5.€). In addition, the
changes over time are presented with specia reference to the closing of WWTPs in the basin (see
Section1V.1.3). The percentage of tota nitrogen samplesthat achieved Broward County compliance
revedled a Smilar pattern as the annua averages. Site 26 compliance percentage increased from
54.3% during 1983-1991 to 91.7% through 1992-1997 (Figure |V .62). Site 24 and 25 also showed
incrementa increase over timeto 95.8% and 100% compliance, respectively. Basin-wide TN samples
did not achieve a poor rating between 1992-1997.

Statistical seasond differencesin TN content were observed at Site 26 (p < 0.05, t-test) with the wet
season mean content being higher than the dry season (Figure IV.63). Site 26's wet season 90"
percentile value was the only onein the basin that exceeded the 1.500 mg/l sandard. In addition, Site
26's wet season TN median content (1.236) was the only one over 1.000 mg/l. The lowest median
TN values from 1989-1997 were the dry season values for Site 25.
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Figure IV.61. Annua Mean Total Nitrogen (TN) Levels Within the Dania Cut-off/C-10 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. The number in parentheses represents a sd above the y-axis.
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Figure IV.62. Total Nitrogen (TN) Concentrations Observed in the Dania Cut-off/C-10 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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Figure 1V.62 (Cont.). Total Nitrogen (TN) Concentrations Observed in the Dania Cut-off/C-10 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 as
good. A fair rating was given to concentrations between 1.501 mg/l to 2.500 mg/l. Values greater than 2.500 mg/I are classified as poor.
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Figure 1V.63. Dania Cut-off/C10 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. A statistically significant
difference between wet and dry season means was observed at Site 26 (p < 0.05, t-test).
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f. Bacteriological Parameters

Fecal coliform (FC), tota coliform (TC), and fecal streptococcus (FS) levels were observed over
different periods a dl three stes. Median FC vaueswere rdatively smilar throughout the sudy area
(Table1V.30). The highest median FC value was 200 colonies/100 ml (Site 26) that is the Broward
County monthly average standard. Maximum FC vaues well exceeded the Broward County single
sample standard of 800 colonies/200 ml and amost al sampleswere abovethe method detection limit.
Site 26 exhibited the highest total coliform counts and the maximum feca streptococcus value (44,000
colonies/’2100 ml) while Site 24 had the highest median FS content (Table 1V.30).

Table 1V.30. Descriptive Statistics for Fecal Coliform (FC), Total Coliform (TC), and Fecal
Streptococcus (FS) in the Dania Cut-off/C-10 Canal Basin. Calculations represent 25, 22, and 18
years of sampling at Sites 26, 24, and 25, respectively. However, the number of samples per year
varied occasionally. 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) and the unit of measurement is colonies/100 ml (col).

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

24 FC col 101 170 597 2885 29000 10 0
25 FC col 66 180 299 1047 8400 10 0
26 FC col 152 200 414 1094 12000 5 3
24 TC col 100 600 2236 8178 60000 67 0
25 TC col 65 500 1199 2828 21000 33 0
26 TC col 157 800 2871 9785 80000 3 0
24 FS col 0 250 1413 4232 33000 12 9
25 FS col 67 100 273 458 3000 12 10
26 ES col 124 220 1152 4047 44000 12 8

Due to the large amount of variability around the mean (Table 1V.30), yearly box plots were plotted
for feca coliforminstead of the mean (FigurelV.64). Only oneannua median value (990 colonies/100
ml; Site 24) was above the standard (800 colonies/100 ml) due, in part, to the highest maximum single
sample (29,000 colonies/100ml) detected in the basin (Table 1V.30). However, an additiond high
fecal concentration (1700 colonies/100 ml) was observed at Site 24 in 1997 (raw data not shown).
In addition, Site 25's highest annua median (685 colonies/100 ml) was observed in 1997. Beyond
1997, Sites 26 and 24 yearly median FC concentrationswere generally characterized by higher values
in the eighties than in the nineties. Differences between the two decades were not readily observed at
Site 25.

To better investigate compliance levels, dl FC samples were categorized based on three different
Broward County water quaity standards and good, fair, or poor rating was given to each sample (see
Section IV.E.5f.). In addition, the changes over time are presented with specid reference to the
closng of WWTP in basin (see Section 1V.1.3). Each site was characterized by a unique FC
compliance percentage pattern (Figure IV.65). Site 26 showed asmall increase in the percentage of
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Figure 1V.64. Yearly Box Plots of Fecal Coliform (FC) Levelswithin the Dania Cut-off/C-10 Canal Basins from 1972 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.
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FigureIV.65. Feca Coliform (FC) Concentrations Observed in the Dania Cut-off/C-10 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 per 100 ml are defined asfair.
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FigurelV.65 (Cont.). Fecal Coliform (FC) Concentrations Observed in the Dania Cut-off/C-10 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.
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good samples since 1973 and had the least amount of poor ratings during 1992-1997. Site 25
exhibited the least amount of good samples during 1992-1997 but exhibited a decrease to 9.1% poor
samples (1992-1997) from the 25% observed during 1980-1982. Thelow number of samplesduring
1980-82 may have influenced the initid value at Site 25. Site 24 displayed the grestest increase in
good samples over time, yet the percentage of poor ratings was smilar throughout the study period
(11.4-12.5%).

Statistical differences were not observed between 1992-1997 wet and dry season values (Figure
IV.66). Extending above the single sample standard, the data's upper range (i.e., 90" and 95"
percentiles) was highest in the wet season for Sites 25 and 26 and the dry season at Site 24.

6. Basn Summary

The Dania Cut-off/C-10 Cana basinisactualy two sub-basinsthat meet and flow eastward (outgoing
tide) through the main Dania Cut-off Cand waterbody. The Dania Cut-off Cand recelvesfreshwater
from the C-11 East basin and some tida input through the South Fork of the New River. In the
present study, Site 26 characterizesthisregion. The C-10 Canal isdirectly connected to the eastern
regionof the Dania Cut-off Canal and Site 25 representsthewater qudity of the northern extent of that
waterbody. Site 24 is east of the confluence of the Dania Cut-off and C-10 Candls and thus, is
geographically downstream of both Sites 25 and 26. However, surrounding land usesat Site 24 (i.e.,
commercid port) undoubtedly influence to some extent the areal s water quality.

The following discussion will summarize smilarities and differences between the three Steswhich exist
indifferent areas of thebasin. In addition, the influence of WWTP discharges and seasond effectswill
aso bediscussed. Finally, questions about the Dania Cut-off/ C-10 Cand Basin brought forth by this
historica dataandysisarelisted to support current initiatives and monitoring, aswell asfuture resource

planning.
a. Influence of WWTP Discharge

The end of WWTP discharges ushered in a general improvement in the four magjor water quality
parameters (DO, TP, TN, and FC) examined. However, the magnitude of changes for different
parameters tended to be Site specific. For example, nutrient levelsat Site 26, though the highest inthe
basin, have decreased for the most part since 1989, with the exception of 1990 and 1991. The other
two Stes (24 and 25) did not show asmuch of adramatic change. Proximity to the WWTPitself most
likely contributes to this observation. Site 26 isthe closet Site to the C-11 Cand which dill received
wastewater until 1988 (see Section 1V.J.3). Thus, it would be expected that Site 26 would exhibit the
greatest improvements in water quality after a WWTP discharging into the C-11 Cand went offline.

b. Basn Water Quality Comparison (Post-WWTPs)

Extreme basinwide trends (smilarities or differences) did not readily exist for any of the mgor
parameters. In generd, Sites 24 and 25 water quaity characteristics reflected each other and were
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Figure1V.66. Dania Cut-off/C-10 Canal Basin Feca 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 over the nine year period is shown on the upper x-axis. Statistically significant differences between wet and dry season values were not observed
in the basin.
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better than Site 26's vadlues. An important exception were occasona enhanced FC concentrations
observed a Sites 24 and 25 but not a Site 26. 1t should be noted that sdlinity regimes were more
amilar between Sites 25 and 26 (fresher) as compared to Site 24 (more sdine).

However, differences within the basin are more readily seen during the period of WWTP discharges
(see below). For the post-WWTPs years (i.e., 1989-1997), the mgjor difference between sites
gppears to be in nutrient content with Site 26 exhibiting the highest TN and TP valuesin the basin for
amos every year after 1988. The 1989-1997 seasona box plots, especialy for TN (Figure1V.63),
further demondrate higher nutrient levels a Site 26 than Sites 24 and 25.

As described in Section 111.J, the C-11 east (Site 27) has among the highest nutrient concentrations
inthe county. Infact, DIN levels at Site 27 are consstently above al other freshwater Sites. Site 26
is influenced by the C-11's waters more readily than other cand sampling Sites, thus higher nutrient
leves exigt there. In addition, Site 26 had the highest long term total organic carbon vauesinthe Dania
Cut-off Canal which were dso more indicative of the C-11 Cana than the ICW.

Sites 25 and 24 showed dramatic turnarounds in DO content going from mostly poor water quality
samplesto a mgority of good samples. Conversdy, Site 26 showed a relaively consstent pattern
during al eras. However, the percentage of poor samplesdecreased after 1991 by over 15.0% at Site
26.

Good rated FC vaueswere rdatively the samethroughout time at Site 25, dightly increased at Site 26,
and increased subgtantidly (gpproximatey 30.0%) at Site 24. Ironicdly, Site 24 dso had the highest
percentage of poor samples by thefind analysis period (12.5%, 1992-1997) and the only single year
inthe basin (1997) with a FC median greater than 800 colonies/100 ml. Theinfluences of tida action,
aswdl as sporadic marine vessd discharges and septic tank failures may in part, explain why the FC
vaues are normaly good with occasond poor measurements.

c. Seasonal Differences

Statigtical differences were observed for DO content at three dtes. As discussed previoudy,
temperature changes aone between wet and dry seasons can explain lower dissolved oxygen
concentration in awaterbody. The 5™ and 10™ percentile were quite depressed at Sites 25 and 26
during thewet season (below 2.0 mg/l). Thismay either indicatelocalized groundwater seepage and/or
input of freshwater from the eastern C-11 Cand for Site 26 which was characterized by DO values
below 4.0 mg/l (Section 111.J.6.¢). Based on long term BOD vaues, ambient water quality does not
appear impaired by oxygen demand. Potentidly, ssorm events, more prevaent in the wet season, may
increase BOD levels periodicaly and have a depressing influence on ambient DO content.

For nutrients, only Site 26's wet season TN content was significantly different than the corresponding
dry season. This aso suggests an increased input from the C-11 Canal through the S-13 sdlinity
gructure because of the very enhanced levels of TN observed at Site 27 (Section 111.J.6.€).
Interestinglly, the dry season 75" percentile TP value at Site 26 was much higher than the wet season.
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However, 90™ percentile and higher TP vaues a Site 26 were higher in the wet season which may
reflect extreme storm and/or flow eventsfrom the C-11 Canal. Sites 24 and 25 aso had rare samples
that well exceeded the 0.050 mg/l standard but TN concentrations tended to be less variable within
each season. For FC content, the highest valuesin the basin were observed during the dry season at
Site 24.

d. Future Monitoring Questions

One god of this report is to develop Strategic guiddines for future Broward County water qudity
monitoring and management. To fadilitate this, questions generated by this study’ s findings are being
compiled for each drainage basin. Aswithdl other estuarine areasin the county, the hydrologic flow
regime should be better defined and the potential impacts of pulses created by the eastern C-11 Basin
and/or sormwater need to better understood. Improved physical informationwould likely improvethe
understanding of possible nutrient (TP and/or TN, NH;-nitrogen, and NO,+NOs-nitrogen) inflow and
export to the ICW and offshore. 1t would dso assst in defining the hydrological connection between
the C-10 and Dania Cut-off Cands. Thus, the following are proposed for the Dania Cut-off/C-10
Badn:

C Doesthe S-13 located onthe C-11 Cand consgtently discharge nutrients at levels of concern
to the Dania Cut-off Cand, particularly TP and DIN?

C If high levds of nutrients are entering the sysem whét is the effect on water column biology
and/or macrophytes?

C Areoccasond FC standard exceedances, particularly at Site 24, anomalous or evidence of
a human hedth concern?

C Asaneduainewaterbody, what extent istheinfluence of a“sdt wedge’ from the east and the
freshwater from the west?

C How does stormwater quality effect the Dania Cut-off/C-10 Cana Basin both acutely and
chronicaly?

C Do large areas of naturd shoreline help maintain Sgnificantly better water qudity in both
the C-10 and Dania Cut-off Cana than the bulkheaded seawalled areas serviced by septic
tanks?

C What isthe water qudity in the upper reaches of the C-10 Spur and Hollywood Cana?
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J. Discussion - Estuarine Waters
Four maor objectives congtituted the framework for this study and included:
1 Determine water qudity conditions (long-term and current) at each estuarine 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 estuary.

The preceding sections on each basin addressed these objectives, especidly the first three. The
following text will primarily discuss the last two objectives by focusing on the entire Broward estuary.

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

Generdly, wastewater trestment plant (WWTP) discharges negatively impacted water qudity at a
mgority of the etuarine gtes.  In some locations, the influence of coasta waters in the Intracoastal
Waterway (ICW) appeared to dilute the influences of WWTPswhen compared to inland freshwater
cands (See Section 111). However, upper estuarine sites within the tributaries of the ICW (e.g., New
River) saw noticeableimprovementswhen WWTPs ceased dischargeto surfacewater. Furthermore,
amgor improvement in water quality was observed in the northern portion of the CICW &fter the .
Lauderdde “B” plant hated substantid discharges (8.0 mgd capacity) to the waterway (see Figure
1V.19; Site 36).

The andysis on the entire data set, before and after WWTP discharges, was the initid ‘ data mining’
and should beviewed asahigtoric view of thetotal sampling effort a each particular ste. Whileannua
averages, pie charts, and seasona box plots were developed for the four mgjor parameters to
differentiate the pre-and post-WWTP eras, future ambient sampling reports may consider reporting
vauesfor dl condtituents starting in 1989 (i.e,, after WWTPs). Smilarly, any andyss of Broward's
waters for determining statewide impaired water bodies
(http://mwww.dep.gate.fl.us'water/divis on/tmdl/default.ntm) and/or regiond planningefforts(e.g., Water
Preserve Feasibility Study Andlyss, http://www.evergladesplan.org/projects/ wpa_main.htm) should
consder the years of data collection from 1989 to the present.

Thus, the remaining discusson on estuarine-wide smilarities and differences, will focus on the years
1989-1997 to avoid any direct influence of WWTP discharges. Potentidly, indirect influences of
WWTP disposd may have or dill exist in estuarine sediments.  In particular, sediment and water
column nutrient interaction can occur particularly in shalow (< 50 meters) waters such as most of
Broward's estuarine waters.
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Another advantage of focusing on the sampling years 1989-1997 is an integration of varidble rainfall
over time. For example, the SFWMD in its Water Preserve Feasibility Study Analysis are using dry
years(1989-1990), average years (1992 and 1993) and wet years (1994 and 1995) for their modeling
purposes. Thus the 1989-1997 time frame contains al three wesather scenarios (dry, average, and
wet).

2. Salinity Regime

Chemicd and biologica components of estuaries are often defined by the associated sdinity regime
(Kennish 1990, cited in Chamberlain and Hayward 1996). As such, Broward County’s estuarine
sdinity regime was andyzed for the period 1989-1997 and compared to Bulger et d.’s (1990, cited
in Chamberlain and Hayward 1996) five estuarine zones (Table 1V.31).

Withthe exception of the Hillsboro Inlet (Site 34), the highest median salinity vaues of the entire ICW
basin (northern, central, and southern) were observed in the SICW. In addition, three of the four
SICW gites exhibited minimum vaues above 15 ppt while dl other stes showed minimums below 10
ppt. This suggests the SICW may be influenced more consstently by coastal ocean water than the
other two ICW basins. In addition, the SICW hasthe least amount of pulsed freshwater input from
both inland tributaries and sormwater outfls.

The lowest sdlinities were observed in the western, upper estuarine reaches (Table 1V.31). For
example, Site 11 had a median of 0.5 ppt which is the minimum detection limit for sdinity
measurements. Low sdinity levels were one reason Site 11 was discussed in the C-13 Cand Basin
(see Section 111.G). The North New River Cand (Site 20), South Fork (Site 19), and North Fork
(Site 16) of the New River also had median vaues from 1989-1997 below 5.0 ppt.

An important criterion for biological and chemica functions is the range of sdlinity observed a a
location. With the exceptionof Sites 11, and 39-41, most Sites had minimum and/or maximum vaues
characterigtic of a least three estuarine zones. Infact, five Steshad dinitieswithin al five zones. This
ismogt likely theresult of the artificialy manipulated hydrology of the main western freshwater sources.
Fortunately, the area with the most natura habitat (i.e., SICW) aso appears to have the most stable
inity regime.

The feashility of salinity management targets, to reduce the extreme ranges observed at some Sites, is
a Broward County research need. Other South Florida estuarine managers are investigating the
potentia of doing this through asystem of dikes and pondsto better manage freshwater releasesfrom
coastal inity sructures (Indian River Lagoon Feeshility Study, hitp://www.evergladesplan org/
projects irl_mainhtm). Figure IV.67 illudtrates the extent of inter and intra- annua fluctuation for
discharges from the freshwater Hillsboro Cand and explains, in part, why Sites 1 and 33 have a
relatively large sdinity range. A more consstent flow pattern could provide a more stable salinity
regime and potentiadly contribute to better water qudity characteristics in the area. For example the
annud TP loading that likely occurs from the western Hillsboro Cand (see Section 111.L.2) to the
estuarine Side may decrease and not occur in large pulses.

395


http://www.evergladesplan

96¢

Table IV.31. Summary of the Salinity Regime within Broward County Estuarine Waters. Salinity valucs were collected from 1989 to 1997 for the inland sites and the ICW. Maxium
and minimum values for each site were compared to Bulger ef al. 's* five estuarine zones. The number of Bulger e a/. 's zones refers to the occurrence of maximum and minimum values
for each site to the corresponding five (I-V) zone values. Median concentrations provide a reference for the maximum and minimum.

Site or Zone Median Salinity (ppt) Maximum Salinity (ppt) Minimum Salinity (ppt) # Bulger et al. 's Zones*

Bulger et al. 's Zone I* N/A 4.0 Iresh I
Bulger et al. 's Zone 11* N/A 15.0 2.0 11
Bulger et al. ’s Zone I11* N/A 19.0 11.0 11
Bulger et al. s Zone 1V* N/A 28.0 15.0 I\
Bulger et al.'s Zone V* N/A Marine 23.0 \4
BCDPEP Site | 7.4 22.8 0.25 -1V
BCDPEP Site 5 16.9 29.8 0.25 I-V
BCDPEP Site 33 26.4 345 1.4 I-V
BCDPEP Site 34 32.1 36.2 9.0 I-v
BCDPEP Site 35 29.5 36.5 8.3 1I-v
BCDPEP Site 36 243 31.9 3.9 8%
BCDPEP Site 37 24.3 32.7 9.1 -V
BCDPEP Site 38 29.9 34.8 3.9 1I-V
BCDPEP Site 10 17.7 31.0 1.5 I-V
BCDPEP Site 39 325 36.2 19.1 V-V
BCDPEP Site 47 31.5 35.2 6.8 11-V
BCDPEP Site 40 31.0 36.0 16.8 V-V
BCDPEP Site 41 30.0 33. 15.7 V-V
BCDPEP Site 15 11.3 253 0.25 -1V
BCDPEP Site 16 3.6 15.9 0.25 1-111
BCDPEP Site 19 3.9 19.2 0.25 I-111
BCDPEP Site 20 1.6 15.7 0.25 I-111
BCDPEP Site 24 19.8 33.9 0.5 -V
BCDPEP Site 25 10.7 233 0.25 I-1V
BCDPEP Site 26 12.6 30.1 0.25 -V
BCDPEP Site 11** 0.5 9.5 0.25 -1

* Bulger et al. refers to Bulger, A.J, B.P. Hayden. M.G. McCormick-Ray, M. E. Monaco, and D.M. Nelson (1990) estuarine classification scheme as reported in Chamberlain and Hayward (1996, see their Table 4).

** Site 11 was primarily described in the Freshwater Chapter (see Section I11)



FigurelV.67. Calculated Flow Ratesfor the South Florida Water Management Didtrict's (SFWMD)
Coastal Salinity Structure G-56. Flow data (cubic feet per second; cfs) obtained from the SFWMD and
annual means and medians are also shown. Dry, average and wet years were defined based on the
SFWMD's Water Preserve Feasibility definitions (see Section 1V.J.1).
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3. Ambient Nutrient Concentrations

Nutrient observations form the broad base of this investigation and estuarine-wide differences were
observed for TN (Figure 1V.68) and TP (Figure |V .69) from 1989-1997. For TN, thewestern areas
of the New River Basin (Sites 19 and 20) exhibited the highest median va ues and ong with the North
Fork of the New River (Site 16) were the only estuarine sites with median vaues greater than 1.000
mg/l. Most siteshad median vaues near 0.800 mg/l and the overal median for dl Steswas0.886 mg/l
(n=691).

Statidticd differences between steswere mainly seen for the New River sites(Table1V.32). Sites19
and 20's median TN vaues were each atigticdly different (higher) than thirteen other estuarine Sites
(Kruska-Wallis One Way Andysis of Variance of Ranks, Dunn’'s Method All Pairwise Multiple
ComparisonProcedure, p< 0.05). Site 15 had agtatistically higher median TN concentration than Site
35.

Although each site showed alarge range of values, TN concentrations above (i.e., out of compliance)
the 1.500 mg/l standard were rare. Potentidly, the Broward County TN standard is too high for
today’ sambient conditionshaving been formulated during the period of WWTPdischarges. Currently,
the state of Florida.does not haveanumerical TN or TP standard but instead a narrative nutrient water
quality standard exigts that states nutrient concentrations should not be at levels which cause an
ecologica imbaance (dateof Florida1998, FAC. 62-302). However, FDEP hasused a TN content
of 1.220 mg/l as a screening leve to indicate possible poor water quaity (Paulic et d. 1996). Only
Sites 19 and 20 had median TN vaues equd to or barely over 1.220 mg/l. A likely reason for the
relatively high TN valuesat these Sitesisthe upstream freshwater source (North New River Candl) that
trangports large volumes of water from the Water Conservation Aress.

Aswith TN, TP vaues were aso quite variable within and between sampling locades (Figure 1V.69).
Threedites(1, 33, and 16) were prominently higher than the remaining steswith median values greater
than the county-wide 75" percentile value of 0.086 mg/l (n=711). The lowest concentrations were
typicaly observed in the ICW, particularly the SICW. Sites 1, 16, and 33 median TP vaues had the
mogt statistically different observations between dl estuarine stes (Table 1V.33, Kruska-Wallis One
Way Andysis of Variance of Ranks, Dunn’s Method All Pairwise Multiple Comparison Procedure,
p< 0.05). A few other Stes dso digplayed sgnificant differences but typicdly with three or less Sites
(eg., Stel9, TableV.33).

For dl samples, compliance with the Broward County TP standard was not as high as observed for
TN. However, median TP vaueswere near or below the 0.050 mg/l standard at fifteen of the twenty
stes. The FDEP uses 0.070 mg/l asascreening level for the potentia existence of poor water quality
(Paulic et a. 1996). Site 16 (North Fork New River), as well as two NICW Sites 1 and 33 had
median TP vaues exceeding the 0.070 mg/l level (FigurelV.69). Thesourcesof North Fork TPlevels
have been described elsewhere (BCDNRP 1993, BCDPEP 1999a) and include stormwater. In
addition, remediation measures such as dredging TP laden sediments are planned for thisarea. For
the NICW, the discharges (see Figure IV.67) fromthe Hillsboro Cand which is characterized by TP
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Figure 1V.68. Total Nitrogen Values at Each Estuarine Water Quality Site from 1989-1997. Box plots describe data from the Northern, Central, and Southern
Intracoastal Waterway Basins (NICW, CICW, and SICW), aswell asthe New River and Dania Cut-off/C-10 Canal Basins. The number of samples (n)

per siteis shown on the upper x-axis. Individual sites are also compared to the median, 25th, and 75th percentile values for all Broward County sites through
the time period (n=691).
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Table IV.32. Statistical Differences Observed Between Estuarine Sampling Site Median Total Nitrogen Values (1989-1997). A black box indicates the
difference between the medians of two sites was 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 for the all sampling sites within the Northern Intracoastal Waterway (NICW), Central
Intracoastal Waterway (CICW), Southern Intracoastal Waterway (SICW), New River (NEW), and Dania Cut-off/C-10 Canal Basins (DAN) are shown in
Figure IV.68.
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Figure1V.69. Total Phosphorus Vaues at Each Estuarine Water Quality Site from 1989-1997. Box plots describe data from the Northern, Central, and
Southern Intracoastal Waterway Basins (NICW, CICW, and SICW), aswell asthe New River and Dania Cut-off Canal/C-10 Basins. The number

of samples (n) per siteis shown on the upper x-axis. Individual sites are also compared to the median, 25th, and 75th percentile values for al Broward
County sites through the time period (n=711).
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Table 1V.33. Statistical Ditferences Observed Between Estuarine Sampling Site Median Total Phosphorus Values (1989-1997). A black box indicates the
difference between the medians of two sites was 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 for the all sampling sites within the Northern Intracoastal Waterway (NICW), Central
Intracoastal Waterway (CICW), Southern Intracoastal Waterway (SICW), New River (NEW), and Dania Cut-off/C-10 Canal Basins (DAN) are shown in
Figure IV.69.
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concentrations over 0.100 mg/l (see Site 2, Figure 111.6) undoubtedly contributed to the enhanced
levels downstream of the G-56 sdlinity structure. Site 2’smedian TP content (0.138 mg/l) isthe highest
inBroward County (Figure 111.93) and represents the upstream TP content discharged through G-56.
For comparison, median TP concentrations were lessthan 0.050 mg/l at fourteen of the fifteen Miami-
Dade County coastd dinity structuredischarge pointsduring ayear of intensvesampling (Lietz 1999).

The dynamic sdinities (Table 1V.31) observed in the tributaries of the New River, Hillsboro Candl,
Middle River, C-14 and the Dania Cut-off Cana suggest that oligohaline (less than 5.0 ppt) waters
exig throughout the county. Anintensive year long study in afreshwater tiddl region (North Fork of
the New River) suggested TP levelsover 0.100 mg/l were contributing to ecological imba ances based
on chlorophyll a concentrations as high as 120 mg/m? (BCDPEP 1999a). The continued enhancement
of the BCDPEP chlorophyll a database will dlow for better assessment of any ecologica imbaances
due to nutrients throughout the estuary.

To better characterize estuarine-wide nutrient content and designate areas of most concern, atablewas
constructed (Table 1V.34) that ranked each site individualy for TN and TP, as well as a combined
ranking. A low ranking (e.g., 1) indicates the highest concentration of a respective nutrient category
or the worst quality. Sites 1 (NICW) and 16 (North Fork New River) had the highest nutrient
concentrations in the county (Table 1V.34). Overdl, the New River Basin had the highest values for
abasnwith dl four stesranked inthetop five. Conversdly, the SICW had the lowest nutrient content
inthe Broward County estuarine system. Themost digunct basin wasthe NICW which had the lowest
(34) and highest ranked sites (1). The driving mechanism behind the rankings differed between Stes
(Table IV.34). Sites 20 and 33 were ranked relatively high because of either high TN or TP,
respectively. Other sites had high (1 and 16) or low (Sites 34 and 35) rankings for both nutrient
parameters.

Inland Stestypicaly had higher concentrationsof nutrients(FigurelV.70). Asseenintherank andyss,
Sites 1 and 16 cluster together when TP is plotted againgt TN vaues. Inaddition, thehigh TN vaues
at Sites 19 and 20 are reflected on the plot aswell. The close proximity of the oceanic waters, most
notably the Gulf Stream (Florida Current), would dictate west to east decrease in water chemidiry.
Furthermore, inland waters are surrounded by relatively higher land use drainage area to water body
volume than the ICW. Thus, waters, such asthe New River, typicaly have less volume to assmilate
nutrient loads than the wider ICW.

The basin with best nutrient quaity, SICW, aso has the most compatible land use for good water
qudity. The relatively large mangrove preserveswithin that basin likely contribute to the relative good
ambient water quality by decreasng the area of impervious surfaces. Impervious surfaces (eg.,
asphalt) contributeto an increasein pollutant loads. Furthermore, sdinity vauesindicated that thishas
the highest vauesin the estuary likely related to coastdl water. Thus, relatively cleaner coasta water,
lower volumes of sormwater and freshwater pulses, and larger areas of natura land uses contribute
to the basin’srelatively good ambient water qudity.



TablelV.34. Ranking Tableof Nutrient (TN and TP) Content for Broward County’ sEstuarine Monitoring
Stes. Steswerein theNorthern Intracoastal Waterway (NICW), Central Intracoastal Waterway (CICW),
Southern Intracoastal Waterway (SICW), New River (NEW), and the Dania Cut-off/C-10 Cana (DANIA)
Basins. Rankswere based on median (MED) vauesfrom 1989-1997. The TP+TN rank isthe average of

TN rank and TPrank. The highest concentrations correspond to the number one.

BASIN ST TN TN TP TP TP+TN FINAL
MED RANK MED RANK RANK RANK
NICW 1 1.000 4 0.128 1 25 1
NEW 16 1013 3 0.119 2 25 1
NEW 19 1219 2 0.056 4 3 3
NEW 20 1284 1 0.050 8 45 4
NEW 15 0.976 5 0.048 9 7 5
DANIA 26 0914 6 0.046 11 85 6
NICW 33 0.809 14 0.088 3 85 6
DANIA 24 0.89% 8 0.045 12 10 8
CiIcw 36 0.795 16 0.051 6 1 9
NICW 5 0.792 18 0.054 5 115 10
CiIcw 10 0.874 10 0.044 13 115 10
CICW 37 0.801 15 0.047 10 125 12
SICW 39 0.902 7 0.019 19 13 13
DANIA 25 0.735 20 0.050 7 135 14
CiIcw 38 0.835 12 0.031 15 135 14
SCwW 47 0.851 11 0.027 17 14 16
SICW 40 0.884 9 0.013 20 145 17
NICW 35 0.793 17 0.041 14 155 18
SICW 41 0.819 13 0.021 18 155 18
NICW A 0.785 19 0.031 16 175 20




Figure 1V.70. Relationship Between Total Phosphorus and Total Nitrogen at Inland and
Intracoastal Waterway (ICW) Estuarine Sites. Median total phosphorus (TP) and total
nitrogen (TN) values from 1989 through 1997 were used in the analysis with the number

of samples normally near thirty-six. Siteswith the highest concentrations of either nutrient
are circled and ranked highest in the estuary for nutrient content (see Table 1V.34).
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4. Nutrient Fate and Transport

The BCDPEP water quality network has created a excellent database to understand ambient or
“typicd’ nutrient conditions. The determination of what the measured nutrient concentrations mean to
agiven environment is the next logica step beyond ambient data collection. In particular, an areathat
needs to be further addressed is the fate and transport of nutrients. Some efforts have dready begun,
especidly in the North Fork of the New River (BCDPEP 1999a) but more is needed throughout the
county.

Nutrientsundergo biogeochemica cycling (see Doering 1996) on different time and space scaleswhich
influence the ambient levels measured by BCDPEP. In turn, sampling on aquarterly basis may dlow
for the development of a good average or median value but can miss the details of nutrient cycling
which may occur on finer time scales than quarterly dates (Doering 1996). Additiondly, the artificid
discharges from the western cand's further complicate understanding nutrient dynamics in the south
Forida watershed (see Chamberlain and Hayward 1996, Doering 1996). Findly, the number of
stormwater outfalswithin the urban Broward County corridor add complexity to the origin of nutrient
inputs into water bodies. Thus, comprehensive sampling programs are needed to pinpoint areas with
potential water quaity problems. Ascomprehensive programs are expensivein both time and money,
arationde and/or need (eg., water qudity sandard violation) is usudly developed before sampling

begins.

One of the main reasons for investigating nutrient cycdling is understanding the biologica utilization of
the chemicals. Excessive phosphorus and nitrogen concentrations can cause ecological imbaances
such asin phytoplankton (microscopic agae) population that may form harmful blooms. Chlorophyll
a (chl @) measurements are an indicator of the abundance of phytoplankton and excessve
concentrations (e.g., 50 mg/m?, SFWMD 1999) may indicate blooms which reflect an imbalanced
system. The BCDPEP beganmeasuring chl ain 1995 at quarterly intervals. The continued growth of
this database will hep establish if nutrients are causing an imbdance. If more intensve sampling is
performed, other factors that dso effect chl aleves, incuding light, color, temperature, and grazing
should be considered (see Doering 1996).

Furthermore, the composition of TN and TP is aso important to chl a. The inorganic form of
phosphorus (orthophosphate) is utilized more readily by phytoplankton and more knowledge about
potential phosphorus origin can dso be gained. The BCDPEP began monitoring orthophosphate in
1995 and the continued collection of datawill be very useful. Fortunately, the mgor species of TN
have been measured by BCDPEP since 1981. Whilethisreport hasfocused on TN, primarily because
of loca water qudity standards, it should be noted the composition of TN is adso important.
Phytoplankton preferentidly utilize dissolved inorganic nitrogen (DIN, nitrite+nitrate-nitrogen plus
ammonia-nitrogen) over other forms of nitrogen during photosynthesis activity (See Appendix 2). For
the Broward estuary, most of the TN gppears to be in the form of organic nitrogen. However, some
aress had relatively eevated levels (> 0.100 mg/l) of dissolved inorganic nitrogen, primarily
nitrite+nitrate-nitrogen.

One areawith relatively high DIN levelswasthe Dania Cut-off Cand. Furthermore, thisareaappears
to receive a source of DIN from an upstream waterbody (C-11 Canal, Figure IV.71) and may be a
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Figure 1V.71. Distribution of Dissolved Inorganic Nitrogen (DIN) in the C-11 Canal (Freshwater),
Dania Cut-off/C-10 Cana (Brackish), and the Intracoastal Waterway (ICW). Nitrate+Nitrite-Nitrogen
plus Ammonia-Nitrogen make up the DIN concentrations shown from 1989-1997. The S-13 line refers
to the salinity control structure that separates the C-11 Canal from the Dania Cut-off Cana. The Dania
Cut-off Canal joinswith the C-10 Canal and flowsto the ICW.
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good example of nutrient transport dynamics. The eastern C-11 Cand (Site 27) has the highest
dissolvedinorganic nitrogen (DIN, nitrite+nitrate-nitrogen plusammonia-nitrogen) content inthe county
(refer to Figure 111.95). The C-11's DIN concentrations are actualy at levels consdered very high
(greater than 0.500 mg/l) for South Forida, in genera (see Paulic et a. 1996).

At Site 26, DIN va ues appear to reflect input from the C-11 Canal to some extent (Figure IV.71).
However, the C-10 Cana (Site 25) and the eastern Dania Cut-off Canal location (Site 24) havesimilar
medians and range of percentiles. Potentidly, Site 25 isinfluenced to some extent hydrologicaly by
the Dania Cut-off Cand and recelves some DIN input. Median sdinity vaues between Sites 25 and
26 arerdatively smilar (10.7 and 12.6 ppt, respectively, see Table 1V.31).

The remaining downstream DIN content, such as a Site 47, suggest that dilution effect occurs with
ICW water and estuarine land uses are not contributing & least to ambient nitrogen values. This
andyss, however, carriesthe caveat of usng ambient data, though long term, in trying to describe fate
and transport of nutrients. 1t would be preferred to have residence times and /or study a segment of
water as it travels through the estuarine reach in order to more accurately determine the fate of
nutrients. Nonetheless, the current discussion at least pointsto theimportance of understanding thefate
of discharged nutrientsin the estuary such ashasbeen performedinthe &. Lucie Estuary (Chamberlain
and Hayward 1996, Doering 1996), including hydrodynamical modeling (Morris 1987).

Beyond the estuarine ecosystem, the potentia export of nutrients to offshore waters is an important
issue. The Broward County marine system includes a coral reef community and severd offshore
recregtiond and commercid fisheries which have ecologicd, as well as economica sgnificance. The
water qudity either a or near inlets (Sites 34, 38 and 39) was typicaly the best in the estuary.
However, some variability did exist for TN (Figure IV.68), TP (Figure IV.69), and DIN (Figure
IV.71). Thus, animportant questionishow often theserelatively rare ambient measurements (i.e., 75"
percentile and higher) exist on finer time scales and space.

To date, BCDPEP has not performed water quality testing to any great extent outside of the ocean
inlets. Qualitative observations of periodic macroaga blooms (e.g., Codium sp.) have occurred
offshore (Hazen and Sawyer, P.C. 1994). Additiondly, alarge scaleinvestigation was performed on
the potential impacts of wastewater outfals (Hazen and Sawyer, P.C. 1994). Potentialy, other
agencies and universities have collected nutrient information. A literature search, as wdl as
communication with appropriate research entities should be performed to see if a need exists for
nutrient characterization of the inlets and offshore waters.



5. Other Parameters

While most of the discussion has revolved around nutrients and sdinity, other important findings were
observed with other parameters. Ambient feca coliformlevelsfor the most part, were at compliance
levds (i.e., less than 800 colonies’100 ml). Exceptions were typicdly observed a inland Sites 10
(Middle River, CICW), 15 (New River), 16 (North Fork New River), 20 (North New River Candl),
24 (Dania Cut-off Cand), and 25 (C-10 Canal). The North Fork of the New River hastheworst FC
vauesbut as discussed in that section has been and continues to be comprehensively investigated (see
BCDPEP 19993, Solo-Gabriele et d. 2000). In addition, Site 15 has recently been sampled as part
of atidal water qudity study (BCDPEP, unpublished data).

For Sites 10, 20, 24, and 25 the exceedances of the single sample standard were rare (90" percentile,
see Fgures V.27 c and 1V.66 ¢). Interestingly, the highest FC levelsin the Dania Cut-off Cand were
observed during the dry season (see Figure IV.66). However, median vaueswere below the monthly
average standard of 200 coloniesper 100 ml. Thus, prior to any extensiveinvestigation of these aress,
aland and water use survey should be performed to understand potential FC sources. Furthermore,
the development and implementation of new feca contamination techniques (BCDNRP 1998a, Solo-
Gabride et d. 2000, Parveen et.d, in prep.) should be continued to assess possible human health risks.

Dissolved oxygen vaues were dmost dway's less during the wet season than the dry season due, in
part, to seasonal temperatures. However, theinfluence of increased scormwater flowsmay be afactor
as well. Furthermore, groundwater and surface water interaction may likely influence DO values,
particuarly in the western areas (e.g., Site 20, North New River Cana) depending on whether a
waterway is “gaining” water from groundwater or “losing” it to groundwaeter (see Lietz 1999, their
Fgure 6). Thus, severd factors influence DO readings including time of day and depth of
measurement. Sampling technologiesdlow DO levelsto be remotely monitored at extremely finetime
scales (minutes). For aress (e.g., Site 20 and 26) that consistently have low DO concentration (i.e.,
below 4.0 mg/l), these DO instruments may be deployed to obtain more discrete information.

Althoughtota organic carbon (TOC) wasnot graphicaly presented inthisreport TOC vauesgenerdly
decrease from the western freshwater areas of the county (see Section 111) to the ICW. The higher
vauesin the western areas is mogt likely due to water originating in the Everglades and Everglades
cand sysem. Theinclusion of color measurementswould assist thetracking of thiswater east. Color
was observed to bean important congtituent in the St. L ucie Estuary (Chamberlain and Hayward 1996,
Doering 1996).

6. Physical and Meteorological Information

Underganding how freshwater flow direction, groundwater levels, and tidal stage influence water
quality throughout the estuary is a research need for Broward County. For example, an analysis of
flows through the mgor sdinity structures (avalable from the SFWMD) would be useful in
understanding the extreme sdlinity fluctuations observed a severd Stes. In addition, residence time
cdculations that quantify how long a specific water mass exigts in the estuary would be very useful in
understanding fate and transport of specific water quality parameters (e.g., dissolved inorganic
nitrogen).



A mgor mechanism driving hydrology israinfal. Thus, futureinvestigation of flow patterns should dso
indude rainfdl, which is dso available from the SFWMD. Rainfdl information would dso be useful
inunderstanding the relationshi p between sormwater and ambient water quaity conditions. Currently,
BCDPEP isformulating loading rates as part of their Nationd Pollutant Discharge Elimination System
(NPDEYS) permit with the United States Environmenta Protection Agency. Understanding theserates
and how well the waterways can assmilate pollutants will be an important aspect of both BCDPEP s
regulatory and policy working groups. The aerids in Figure 1V.72 illustrate how important this
information will be because of the large number of sormweter outfdls that exist within the county.
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FigurelV.72. Aeria Photos of the Northern Intracoastal Waterway Basin Sampling Sites and A djacent Stormwater Outfals.
Outfalls are shown with white triangles and differ in size and drainage area throughout the basin.
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K. Conclusions and Recommendations

The Broward County estuary has severd diverse geographical and hydrologicd areas. Variability
exigsin water quaity within and between water sampling Sites. However, some key conclusons can
be made and some recommendations for future research and management directions.

¢

The best overdl water quality was normally observed in the Southern Intracoastal Waterway
(SICW; Sites 39-41, and 47) which dso had the most consistent sdlinity regime, aswell asnatural
(pervious) land uses (e.g., mangrove forests).

Beyond the SICW, most of the estuary is characterized by large sdinity fluctuationsthat are likely
caused by atificidly manipulated freshwater flows and an urban watershed dominated by
impervious surfaces leading to subgtantia runoff.

In generd, inland (upper estuarine) locales exhibited the poorest water quality when compared to
the ICW due, in part, to coastd water diluting the influence of land based runoff in the ICW. In
addition, the inland waterways have alower assmilation capacity of pollutants than the ICW due
to their smdler channel widths and shalower depths.

The basin with the poorest water quality wastypicaly the New River Basin. In particular Site 16
(North Fork) had the poorest water quality of the whole county (freshwater and estuarine).
Current remediation efforts (e.g., dredging) are underway in the North Fork of the New River to
address the poor water qudity.

Another area of concern was the brackish reach of the Hillshoro Cand and its confluence with the
NICW (Sites 1 and 33). This ared swater quality, particularly total phosphorus (TP) levels, was
consgent with the upstream (freshwater) Hillsboro Cand and illustrates the need for a better
understanding of the influence of freshwater flows on estuarine water quality.

The western Dania Cut-off Cana also showed some evidence of nutrient transport (e.g., dissolved
inorganic nitrogen) through coastd sdinity structures from an upstream waterbody (eastern C-11
Cand).

Almog al stes showed improvementsin water quaity after wastewater trestment plants (WTTP)
stopped discharging into Broward County’s surface waters. The mgor exception was the TP
leves in the NICW and Hillsboro Canal. Other areas which did not exhibit changes in water
quality were ether near oceanic inlets and/or did not have WWTPs in close proximity (eg.,
SICW).

Beyond the influence of WWTPs, long term annud trends were not reedily observed, with the
exception of adight increaseintota nitrogen (TN) content at the SICW basin. Some high nutrient
levels were observed at other Sites during aperiod known to have low rainfall totals (1988 to early
1990), but this relationship was not quantified in the current study.
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Nutrient levels were variable and total phosphorus content was the parameter with the most
exceedances of acounty water quality county sandard. However, the effect of both the variability
and high concentrations is not known at thistime,

Although TN levels were consgtently within compliance of the county standard after the closure
of WWTPs, the overal influence of TN concentrations on the environment is not known. For
example, the DIN content may be moreimportant to water column biology than TN athough there
is not a particular water quaity standard for it.

Fecd coliform levels were typicaly low in the estuarine region with the exception of Site 16. The
remaning estuarine sites had occasondly high vaues but only theinland Sites 10, 15, 20, 24, and
25 had fecal coliform vaues (90" percentile) above the standard (800 colonies/100 ml).

Seasonal differences were mostly seen in dissolved oxygen content thet is likely due, in part, to
seasond temperature patterns. However, some upper estuarine sites showed significantly higher
levels of total nitrogen inthewet season which may be dueto water control structurerel ease and/or
sormwaeter runoff.

Specific research questions were developed for each basin. While each basn may have had unique
guestions (e.g., total phosphorus sources in NICW), the following recommendations were typicaly
found indl basins. Prioritization of these recommendations should be performed as part of aBroward
surface water management plan. For now, the following mgor recommendations include;

Continue ambient water qudity program to build up overal post-WWTP database.

Determine flow characteristics of dl mgor sdinity structures dong with rainfal over time and
compare with water quality.

Understand thefate and transport of nutrientsin the estuary, including hydrologica residencetimes
and discharge characteristics to coadtal systems.

Investigate flow information and residence times, the feagbility of sdinity targets needs to be
investigated Smilar to other Horida estuaries (e.g., Indian River Lagoon).

Determine the sources and fate of total phosphorusin the Hillsboro Cana and NICW basin. Also,
characterize orthophosphate concentrations in that basin first and then other areas of the county
aswdl.

Determine the importance of nitrogen species to water column biology throughout estuary, in
particular chlorophyll a concentrations. Thisinitialy should start with dissolved inorganic nitrogen
dynamicsin the C-11 eastern basin and Dania Cut-off Candl.

Continue ambient chlorophyll a monitoring but consder increesng sampling periodicity to

understand if areas of high nutrients are causing ecologica imbaances.
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Performbiologica characterization (phytoplankton, zooplankton, fish, and macroinvertebrates, see
Messing and Dodge 1997) to understand what types of organisms are living in the estuary and if
ecological imbalances have been and/or are occurring.

The continued protection of large natura aress (e.g., West Lake Park) which have large areas of
permesble ground cover should be considered ahigh priority for future water quality management.

Compile available information on water qudity sudiesin the coastal waters to better understand
the influence of estuarine water qudity on those systems.

Continue the development and use of better fecal contamination indicatorsto understand potential
human hedth concerns.

Consgder deploying remote recorders to better understand diel and seasond patterns.
Compile available data on groundwater and surface water interaction (e.g., seepage rates) to
understand the extent of inflows and outflows. This may dso include using the current soil

characterization maps.

Ascertain the chronic and acute effects of overal sormwater input, particularly in the New River
basin and the Northern Intracoastal/Hillsboro area

Determine to what extent petroleum by-products and heavy metas exist in ssormwater in the
different basins and their fate and transport characteristics (see BCDNRP 1997c, 1998b, 1999).
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