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Executive Summary

The purpose of the study was to evaluate the status and efficacy of effluent management
options for the six municipal facilities in Florida’s Palm Beach, Broward and Miami-Dade
Counties that discharge secondarily treated wastewater through ocean outfalls. Urban water
requirements in this region are rising due to rapid population growth, while water supply
problems loom due to uncertainties in the time-phasing and funding of water resources
projects. Southeast Florida’s natural and artificial reef resources—some located near the
outfalls—provide habitat and protection for marine organisms and contribute over 61,000
jobs and $1.9 billion in yearly income for residents of the three counties. An underutilized
water management option in the region is water reuse, which could help Southeast Florida
meet its water requirements while decreasing or eliminating reliance on ocean outfalls. The
State has a reuse capacity of 1.2 BGD and expects to reclaim and reuse 65% of all domestic
wastewater by 2020, up from 40% today. The study reviewed previous work describing the
effects of ocean wastewater disposal on ocean biota and human health risks as well as past
examples of obstacles and successes of water reuse in Florida, the U.S. and abroad. Four
alternative ocean outfall strategies—involving varying degrees of reuse, nutrient removal and
ocean outfall use— were considered. The alternatives were evaluated at each wastewater
treatment plant according to four performance measures: 1) amount of freshwater saved
relative to a base case with no reuse, 2) reduction in nitrogen and phosphorus discharged via
ocean outfalls relative to the base case, 3) public acceptance, and 4) costs. Management
recommendations based on these evaluations are presented.

Current and projected flows at the six wastewater treatment plants (WWTPs) are compared
to their permitted capacities in Exhibit ES-1. The 2025 wastewater influent flow exceeds the
2005 permitted capacity at each WWTP; thus all of the facilities face important decisions
regarding their future wastewater management options. According to current plans of the
utilities, 7% of the total wastewater handled by the facilities will be reclaimed for traditional
(public access) reuse in 2025, up from 4% currently.

Exhibit ES-1. Permitted, 2005, and Projected 2025 Flows at WWTPs with Ocean Outfalls

Boynton-| Boca | Broward/ M-D/ M-D/

Delray | Raton North | Hollywood | North | Central | Total
Permitted flow (MGD) 24.0 175 84.0 42.0 112.5 143.0 423
2005 flow (MGD) 19 16 84 40 108 129 396
2005 reuse' (MGD) 3.7 5.2 2.4 2.6 0.1 0 14
2005 reuse’ (%) 19 33 3 7 <1 0 4
2025 flow (MGD) 27 22 94 54 126 151 474
2025 reuse'? (MGD) 75 15.9 5.3 3.6 0.1 0 32.4
2025 reuse™? (%) 28 73 6 7 0.1 0 7

Excluding onsite reuse for process
*Based on utilities” plans extending to 2025
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Several studies have been made of the impacts of the outfalls on the ocean. Surfacing
plumes are present at all six WWTP outfalls throughout the year. Rapid dilution in the
immediate vicinity of the outfall continues for 6 to 41 miles downstream. One of the
conclusions of a US EPA relative risk assessment involving deep well injection, aquifer
recharge, discharge to ocean outfalls and surface waters as disposal options was that:

Human health risks are of some concern, both within the 400-m mixing zone and outside of
it, primarily because treatment of effluent prior to discharge via ocean outfalls does not
include filtration to remove Cryptosporidium and Giardia. The most probable human
exposure pathways include fishermen, swimmers, and boaters who venture out into the
Florida Current and experience direct contact, accidental ingestion of water, or ingest fish
or shellfish exposed to effluent. Otherwise, there is a very small, but not nonzero, chance
for onshore or nearshore recreational or occupational users to be exposed to effluent
constituents, since there is a small (10%) chance that currents will change direction to east
or west.

Natural and artificial reefs near the six ocean outfalls contribute significantly to the tourist
business in South Florida. Recent studies suggest that the outfall discharge at Boynton
Beach may be having an adverse effect on Lynn’s Reef, but did not establish a link between
pollutant discharges and the relative importance of pollutant concentrations at a specific reef.
A biomarker study indicates that the reefs have been impacted in some cases. Based on
015N analyses of macroalgae, sponges and gorgonian corals recently collected from reefs in
Palm Beach and Broward counties, researchers believe that sewage nitrogen is a contributor
to the nitrogen pool in the area’s coastal waters. No complete report is available for this
ongoing study. These recent and ongoing studies could provide valuable new insights into
the extent of the cause-effect linkage between outfall discharges and impaired reefs in
Southeast Florida and indicate whether or not current wastewater treatment levels are
sufficient to protect water quality in general and the reefs in particular.

Spatial analysis of the consumptive permit user database in Southeast Florida indicates that
large users with individual permits in Palm Beach County and northern Broward County
have the highest demands for landscape irrigation. These large users are typically golf
courses, parks, and other recreational areas. Miami-Dade County has the highest potential
industrial demand. The Turkey Point Power Plant is an example of an industrial user not
currently being supplied with reclaimed water. A case study of the area near the
Broward/North WWTP indicates that reclaimed water can be cost effectively supplied to
larger irrigation users within 12 metropolitan miles (measured along streets) of the
reclamation facility.

Four alternative ocean outfall strategies were examined under the defined scope of this study.
Under the Currently Planned Use alternative (Alt 1), ocean outfalls would be used at
currently planned levels. Under the Limited Use Alternative (Alt I1), ocean outfall disposal
would be limited to flows remaining after traditional reuse options were maximized and
underground injection flows reached full 2005 permitted capacity. Under the Ocean Outfalls
as Backups alternative (Alt I11), ocean disposal would only be used during wet weather
periods to handle flow that would otherwise go to traditional reuse. Complete elimination of
ocean outfalls was considered under the No Use alternative (Alt 1V). The assumption was
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made that permitted capacities of the ocean outfalls would be maintained at 2005 levels and
that no additional ocean outfalls would be permitted. It was also assumed that Class |
injection control wells for effluent disposal would be held at 2005 permitted capacities and,
furthermore, that Class I injection wells for effluent disposal that were in testing or under
construction during 2005 would not receive permits. Current and potential treatment
requirements employed in the evaluation of ocean outfall alternatives are summarized in
Exhibit ES-2

Exhibit ES-2. Current and Potential Treatment Requirements of Wastewater Management Options

Treatment requirements

Option -
Current Potential
Ocean outfalls S_e(;ondafy with basic-level Intgrmedlate_o_r full putrlent control with
disinfection ~ basic-level disinfection
Secondary with filtration and high-level

Class I injection wells  Secondary with no disinfection o .
_ disinfection

Secondary with filtration and

Traditional reuse high-level disinfection

Groundwater recharge  Full treatment and disinfection

The following conclusions and recommendations were reached from the present study:
« Water reuse (traditional and groundwater recharge) offers advantages to Southeast

ES-3



The average freshwater savings are essentially equal to traditional reuse volumes under
alternatives I (currently planned use of ocean outfalls) and Il (limited use of ocean
outfalls) and range from 24 to 64% at the Boynton-Delray and Boca Raton WWTPs and
from 1 to 18% at the other four facilities.

Under alternatives 111 (use of ocean outfalls as backups) and IV (no use of ocean outfalls),
average freshwater savings range from 64 to 87%.

Public acceptance of traditional reuse is expected to be high at all of the facilities because
the reclaimed water is used primarily for irrigation.

Public acceptance of alternatives featuring large-scale groundwater recharge could be
moderate or lower. However, public education programs and community involvement
throughout the planning, implementation, and continued use of water reuse projects should
help mitigate public concerns.

Trends between costs and the average of percent freshwater savings and nutrient load
reduction indicate that alternatives emphasizing traditional reuse and nutrient control
technology are somewhat more cost effective than those emphasizing groundwater
recharge. The ability to generate revenues from traditional reuse further increases the
attractiveness of this approach.

At the facilities with lesser densities of consumptive use permittees (Hollywood, Miami-
Dade/North and Miami-Dade/Central), extensive groundwater recharge would be required
to achieve a 50% average of freshwater savings and nutrient load reduction unless
industries and residential users are added to the reclaimed water customer base.

Over the period 2005-2025, the costs of liquid treatment, reuse and disposal to achieve a
50% average of freshwater savings and nutrient load reduction would range from
$1.00/1,000 gal at the Boca Raton WWTP to $1.90/1,000 gal at the Hollywood WWTP,
averaging $1.50/1,000 gal. Increasing this average to 75% would raise the average cost to
$2.60/1,000 gal.
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1. Introduction

The Florida Department of Environmental Protection (FL DEP) contracted with the
University of Florida to conduct a study on ocean outfalls in Southeast Florida. The purpose
of the study is to evaluate the status and efficacy of wastewater disposal options in Southeast
Florida, where the extent of water reuse is limited. Six publicly owned wastewater treatment
plants (WWTPs) with ocean outfalls are considered in this report. The names of these
facilities in geographical order (north to south) are given below. Also given for each facility
is a shorter name that will be used henceforth in the report.

e City of Delray Beach, South Central Regional Wastewater Treatment Plant (Boynton-
Delray WWTP)

e City of Boca Raton, Glades Road Wastewater Treatment Plant (Boca Raton WWTP)

e Broward County, North Regional Wastewater Treatment Plant (Broward/North
WWTP)

e City of Hollywood, Southern Regional Wastewater Treatment Plant (Hollywood
WWTP)

e Miami-Dade North District Wastewater Treatment Plant (Miami-Dade/North
WWTP)
e Miami-Dade Central District Wastewater Treatment Plant (Miami-Dade/Central)

The State of Florida encourages and promotes water reuse as reflected in the state reuse
objectives in Sections 403.064 and 373.250, Florida Statutes. Water reuse has been
considered an important component of both wastewater management and water resource
management in Florida. Benefits of water reuse include:

» Reuse decreases discharges of wastewater effluent to surface waters and deep injection
wells and thus reduces environmental impacts associated with these disposal methods.

» Reclaimed water provides an alternative water supply for activities that do not require
potable quality water such as irrigation and toilet flushing and helps to conserve potable
quality water.

» High quality reclaimed water has the ability to recharge and augment existing water
supplies.

Florida’s reuse capacity has increased significantly in the past 20 years. By the year 2020,
Florida is expected to reclaim and reuse 65% of all domestic wastewater. Some of the
greatest challenges, but also the greatest potential benefits, of reuse implementation lie in
highly urbanized Southeast Florida of Palm Beach, Broward, and Miami-Dade counties.
According to the 2003 Reuse Inventory published by the Florida Department of
Environmental Protection, Palm Beach, Broward, and Miami-Dade counties contain almost
one-third of Florida’s population and generate 39% of state’s domestic wastewater (FL DEP
2004). However, they account for less than 10% of all reuse capacity in the state.

Broward and Miami-Dade counties rely heavily on ocean outfalls and deep well injection for
effluent disposal, sending 510 million gallons per day (MGD) of their treated effluent to the
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ocean or deep, non-potable aquifers. Potential limitations on nutrient discharges to the
coastal ocean and growing demands for water could alter both the economic and the
hydrologic feasibility of this continuing export of fresh water.

The report includes ten chapters, as outlined in the Table of Contents. Wastewater treatment
plants with ocean outfalls in Southeast Florida are reviewed in Chapter 2. Information on
water supply facilities in the three counties with ocean outfalls is summarized in Chapter 3.
Environmental risk associated with discharge or reuse of effluents in Southeast Florida is
considered in Chapter 4. The socioeconomic impacts of reefs on Southeast Florida are also
mentioned. U.S. and international case studies of water reuse in large urban areas outside
Southeast Florida are reviewed in Chapter 5. Information on the withdrawal and reclamation
of wastewater from mid and upper reaches of sewers—a practice known as satellite
treatment—is also included. Methods for estimating the costs of traditional water reuse and
groundwater recharge in Southeast Florida are presented in Chapter 6. Alternative strategies
for management of treated effluents are proposed in Chapter 7, whereas indicators for
evaluating the outcomes of these strategies are discussed in Chapter 8. Values of the
indicators under various scenarios within the wastewater management alternatives are
presented and discussed in Chapter 9. Findings of the report are summarized and
conclusions are drawn in Chapter 10.

Three appendices are included in the report. Appendix 1 contains detailed information on the
use of CapdetWorks 2.1 software for estimating wastewater treatment costs. Appendix 2
contains schematic diagrams of wastewater treatment process trains for meeting various
effluent and water reclamation standards. Appendix 3 contains a glossary of terms used in
the report. The Project Database contains in their entirety all relevant reports (in PDF
format) that were obtained from consulting engineers and public agencies. The database also
includes a searchable listing of the reports, as well as public domain articles on the topic of
water reuse.

Reference

FL DEP (2004) 2003 Reuse Inventory. Florida Department of Environmental Protection,
Division of Water Resource Management, Tallahassee, Florida. July 2004.



2. Wastewater Treatment Plants with Ocean Outfalls in Southeast Florida

Summary information on ocean outfalls and their associated wastewater treatment
plants is given in the present chapter. The locations of the six ocean outfalls in
Florida are shown from a statewide perspective in Figure 2-1. The three Florida
Counties that are home to the outfalls are shown in Figure 2-2.

Image © 2006 MDA Ealt‘_llSa

Figure 2-1. Ocean Outfalls in Florida. BD-Boyton-Delray, BR-Boca
Raton, BN-Broward/North, H-Hollywood, N-Miami-Dade/North, C-
Miami-Dade/Central. Photo from Google Earth (2005).

2.1 Boynton-Delray WWTP

An overview of the Boynton-Delray WWTP in Delray Beach and its associated facilities is
given in Table 2-1. Included are brief descriptions of the treatment and alternative disposal
methods, flows, reuse facilities, ocean outfall, and future plans. More extensive information
is given below.

2.1.1 Description of Wastewater Treatment Plant

The Boynton-Delray WWTP, located at 1801 N. Congress Avenue, Delray Beach, was
constructed in 1974 to provide wastewater treatment for the Cities of Boynton Beach and
Delray Beach. The construction included two phases: Plant A with a 12 MGD design
capacity was completed in 1979 with EPA grant funds and Plant B with the same design
capacity was constructed in 1987. Subsequent facility improvements include conversion to



fine bubble aeration, odor abatement, and installation of effluent pumping facilities. The
Boynton-Delray WWTP is a complete-mix activated sludge plant. Liquid treatment facilities
include screening, grit removal, flow equalization, aeration basins, clarifiers, chlorination and
dechlorination. The design criteria of the aeration basins and secondary clarifiers are shown
in Table 2-2. On-site solids processing includes thickening via a centrifuge or two dissolved
air flotation units and lime stabilization to meet Class B criteria before being applied to land.
Most of the wastewater is treated and then disposed of through an ocean outfall. A portion of
the wastewater is reclaimed for water reuse. The current permitted plant capacity is 24 MGD
annual average daily flow and 26.4 MGD maximum three-month average daily flow (Brown
and Caldwell 1995). The plant site is constrained by housing developments on the west and
by a freeway on the east (Fig. 2-3). Limited open area exists immediately south of the plant,
whereas more extensive undeveloped area is located north of the WWTP.

P

|Palm Beach
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Boynton-Delray l@
| ]

X )
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sion’ gy
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Broward
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Miami-Dade

Image © 2005 EarthSat

Figure 2-2. Florida Counties with Ocean Outfalls. Photo from
Google Earth (2005).



Table 2-1. Overview of Boynton-Delray WWTP, Ocean Outfall and Associated Facilities

Treatment Method Completely mixed activated sludge
and Disinfection level High level for public access reuse
alternate Basic level for ocean outfall disposal
disposal Other disposal options Emergency discharge to canal
2003 Flows Reuse 4.3 MGD

Ocean outfall 12.3 MGD

Other disposal flow --

Total treated flow 16.6 MGD
Reuse Design capacity 10 MGD
facilities Current flow 43 MGD

Start up 1995 design

Applications On site; residential irrigation; golf course

irrigation

Ocean Latitude 26° 27" 72" N
outfall Longitude 80° 02’ 53" W

Discharge depth 90 ft

Distance offshore 5,200 ft

Inside diameter 30 inches

Number of ports 1

Diameter of ports 30 inches

Port orientation Horizontal

Future plans

WWTP

Could not identify

Reuse facilities

Expand design capacity to 24 MGD

2.1.2 Historical and Projected Flows and Concentrations

The Boynton-Delray WWTP served an estimated 210,500 people within its service area in
2005. This estimate is derived from historical population data from the Boynton-Delray
Wastewater Treatment and Disposal Board (Brown and Caldwell 1995) extrapolated based
on projected population growth rates for Palm Beach County (GEC 2003). The population
for the Boynton-Delray WWTP service area is expected to increase to 294,300 by 2025, the
end of the present study period. Population projections for the study period are presented in

Table 2-3.



Table 2-2. Design Criteria for the Boynton-Delray WWTP

Treatment Facility Value Units
Aeration Basins
Plant A
No. of aeration basins 6
Basin length 65 | ft
Basin width 65 | ft
Sidewater depth 16 | ft
Volume per basin 05 | MG
Total aeration basin volume 3 | MG
Plant B
No. of aeration basins 4
Basin length of basins 1, 2 66 | ft
Basin length of basins 3, 4 1315 | ft
Basin width of basins 1, 2, 3, 4 65 | ft
Sidewater depth of basins 1, 2, 3, 4 15.35 | ft
Total aeration basin volume 3 | MG
Secondary Clarifiers
Plant A
No. of clarifiers 3
Diameter of clarifiers 105 | ft
Sidewater depth of clarifiers 14 | ft
Total surface area of clarifiers 25,980 | sf
Total volume of clarifiers 2.72 | MG
Plant B
No. of clarifiers 3
Diameter of clarifiers 105 | ft
Sidewater depth of clarifiers 16 | ft
Total surface area of clarifiers 25,980 | sf
Total volume of clarifiers 3.2 | MG

Table 2-3. Population Projections for Boynton-Delray WWTP Service Area from 2005 to
2025. Based on data from Brown and Caldwell (1995) and GEC (2003)

Year 2005 2010 2015 2020 2025
Population 210,500 231,200 252,100 273,500 294,300
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Figure 2-3. Aerial photograph of the Boynton-Delray WWTP
(Google Earth 2005)

Based on an historical wastewater production rate of 92 gal/capita/day in Florida (Marella
1999), the projected 2005 average daily wastewater flow rate was 19.4 MGD. The average
daily wastewater flow rate is expected to increase to 27.1 MGD by 2025, based on a constant
wastewater production rate of 92 gal/capita/day. Projected wastewater flow rates for the
study period are presented in Table 2-4.

Table 2-4. Wastewater Flow Projections for the Boynton-Delray WWTP from 2005 to
2025. Based on data from Brown and Caldwell (1995), GEC (2003) and Marella
(1999)

Year 2005 2010 2015 2020 2025
Wastewater flow (MGD) 194 21.3 23.2 25.2 27.1

A review of the flow data indicated peaking factors for maximum month average daily
flow/annual average daily flow and peak hourly flow/annual average daily flow of 1.45 and
2.15 respectively (Hodges 2003).

The average influent CBODsand TSS concentrations from January 1994 to April 1995 were
131 and 146 mg/L, respectively. The annual average CBODsand TSS reductions were 97%
and 91%, resulting in average effluent CBODsand TSS concentrations of 4.3 and 13.6 mg/L,
respectively. The historical maximum month peaking factors for CBODsand TSS were
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found to be 1.31 and 1.4 and did not change over time (Brown and Caldwell 1993; Brown
and Caldwell 1995). A similar analysis was carried out from October 1991 to October 1992
(Brown and Caldwell 1993). Annual average influent and effluent ammonia concentrations
in 1992 were 29 and 6 mg/L, respectively, representing an 80% decrease.

The City of St. Petersburg conducted research on chloride and TDS concentrations in
reclaimed water and their impact on vegetation when used for irrigation purposes. These
studies reported selected species and chloride tolerances. As a result of the study, the City
of St. Petersburg tries to maintain chloride concentrations in reclaimed water below 400
mg/L to protect vegetation from adverse effects of high chloride concentrations (PBS&J
1992). The average effluent chloride concentration at the Boynton-Delray WWTP from
April 1994 through April 1995 was 206 mg/L, which is below the guideline. However,
chloride concentrations in 1992 exceeded 400 mg/L from time to time. Most of this
contribution was attributed to the high volume of infiltration/inflow from the City of Delray
Beach. Collection system improvements since 1992 have improved the effluent quality
(Brown and Caldwell 1995).

The effluent limitations and monitoring requirements for ocean outfall disposal in southeast
Florida are summarized in Table 2-5. The quality of effluent discharged from the Boyton-
Delray WWTP complies with these requirements. This can be seen from the summaries of
effluent water quality that are presented in Tables 2-6 and 2-7, which cover a 15-month
monitoring period (8/31/03 to 10/31/04). The average effluent concentrations of CBODs and
TSS from August 2003 through October 2004 were 11 and 9 mg/L, respectively (Table 2-6).
These values are below the respective discharge limits of 25 and 30 mg/L (Table 2-5). The
removals for CBODs and TSS during this period were 95% and 96%, respectively; much
higher than the 85% requirement. The average effluent concentrations for total nitrogen and
phosphorus were 18.7 and 1.7 mg/L, respectively. The annual average, 90" percentile,
geometric mean and maximum effluent fecal coliform values were 1, 1.2, 1 and 26.5 per 100
mL, respectively, as shown in Table 2-7. These values are well below the corresponding
limits of 200, 400, 200 and 800 per 100 mL. The average influent concentrations for CBODs
and TSS were 220 and 229 mg/L for the same period, as shown in Table 2-8.
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Table 2-5. Permit Requirements for Ocean Outfall Disposal in Southeast Florida

Effluent Limitations Monitoring Requirements
Parameter Units ng/ Annual Monthly | Weekly | Single | Monitoring | Sample Notes
Min | Average | Average | Average | Sample | Frequency | Type

CBODs mg/L Max gg 2 gg 2 jg 2 60 Daily 24-hr FPC 3 5
CBODsremoval % Min 85

TSS mg/L Max 30 30 45 60 Daily 24-hr FPC 3 5
TSS removal % Min 85

Total Nitrogen as N mg/L and Ibs/day* | Max None None _ None | Weekly 24-hr FPC 3 6
Total Ammonia as N mg/L and Ibs/day’ | Max None None _ None | Weekly 24-hr FPC 3 7
Total Nitrite+Nitrate as N | mg/L and Ibs/day* | Max None None _ None | Weekly 24-hr FPC 3 7
Total Phosphorus mg/L and Ibs/day’ | Max None None _ None | Weekly 24-hr FPC 3 6
Fecal Coliform Bacteria See * Daily Grab 8

Sources: (FL DEP 2000), (FL DEP 2002), (FL DEP 2003b), (FL DEP 2003a), (PBS&J 2003)
! mg/L (Annual Avg, Monthly Avg and Single Sample) and Ibs/day (Annual Avg and Monthly Avg)
2 Effluent limitations for Miami-Dade/North
® Flow proportioned composite
*162-600.440(4)c]
e The arithmetic mean of the monthly fecal coliform values collected during an annual period shall not exceed 200 per 100 mL of effluent sample.
e The geometric mean of the fecal coliform values for a minimum of 10 samples of effluent each collected on a separate day during a period of 30
consecutive days (monthly) shall not exceed 200 per 100 mL of sample.
< No more than 10 percent of the samples collected (the 90th percentile value) during a period of 30 consecutive days shall exceed 400 fecal
coliform values per 100 mL of sample.
« Any one sample shall not exceed 800 fecal coliform values per 100 mL of sample.
> Only Monthly Avg and Weekly Avg requirements for Miami-Dade/Central, Expansion of Hollywood WWTP includes discharge limitations for CBODs (20
mg/L, 25 mg/L, 40 mg/L and 60 mg/L) and TSS (20 mg/L, 30 mg/L, 45 mg/L and 60 mg/L).
® Only mg/L and Ibs/day Single Sample requirements for Broward/North, only mg/L Monthly Avg requirements for Miami-Dade/North and Miami-
Dade/Central
" Required only for Boynton-Delray, Boca Raton and Hollywood plants
& Only Geometric Mean and Single Sample requirements for Miami-Dade/North and Miami-Dade/Central plants
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Table 2-6. Ocean Outfall Discharge Composition of the Boynton-Delray WWTP from
8/31/03 to 10/31/04. Data from Florida DEP Discharge Monitoring Reports

Parameter Average of monthly Maximum monthly
averages average

TSS (mg/L) 9 12.9
CBODs (mg/L) 11 15.6

TSS removal (%) 96 -
CBODsremoval (%) 95 -

Total N (mg-N/L) 18.7 22.2
Ammonia N (mg-N/L) 11.7 154
Nitrite+Nitrate N (mg-N/L) 4.1 7.1

Total P (mg-P/L) 1.7 4.0

Table 2-7. Ocean Outfall Fecal Coliform Concentrations at the Boynton-
Delray WWTP from 8/31/03 to 10/31/04. Data from Florida DEP
Discharge Monitoring Reports

Value (# /100 mL)
Average of monthly averages 1
90™ percentile 1.2
Geometric mean 1
Maximum 26.5

Table 2-8. Average Influent Concentrations at the Boynton-Delray
WWTP from 8/31/03 to 10/31/04. Data from Florida DEP
Discharge Monitoring Reports

Parameter Average of monthly averages
TSS (mg/L) 229
CBODs (mg/L) 220

Note: The monthly averages for the TSS and CBODs on 1/31/04 were 267 mg/L
and 264 mg/L respectively, which gives the highest sum (531 mg/L) of
monthly averages for TSS and CBOD:s.

2.1.3 Reuse Facilities

According to the 2003 Florida DEP Reuse Inventory (FL DEP 2004), the reuse system has a
design capacity of 10 MGD, of which 43% (4.3 MGD) is being utilized for in-plant,
residential and golf course irrigation. The reuse system was designed in 1995 and includes
filtration, chlorination and storage facilities. Three Tetra deep bed downflow sand filters,
with a total surface area of 1,254 ft?and a design capacity of 10 MGD, are being used
(Brown and Caldwell 1995). The reuse system is currently being expanded.



2.1.4 Ocean Outfall

Treated effluent from the Boynton-Delray WWTP is discharged through a 30 inch pipe that
extends 5,200 ft from the shoreline and reaches a depth of 90 ft. The permitted capacity of
the outfall is 24 MGD annual average daily flow and 26.4 MGD maximum three-month
average daily flow (FL DEP 2000). The Boynton-Delray WWTP ocean outfall was
inspected by volunteer divers on October 18 and November 8, 2003 to observe effluent
plume characteristics and to collect water samples. The discharge pipe was found at 26° 27’
71.5" N, 80° 02’ 52.5" W, at a different location than specified on the permit, at a depth of 95
feet and inclined toward the surface at approximately 30 degrees. A buoyant, freshwater
effluent was found to exit the pipe with some force and traveled toward the surface. The
plume was pushed northward with the current while it moved toward the surface and formed
a boil several hundred yards down-current of the discharge point (Tichenor 2004).

2.1.5 Disposal Methods in Addition to Ocean Outfalls

The City of Delray Beach has no disposal method besides its ocean outfall. The Boynton-
Delray WWTP has an emergency bypass system to discharge treated effluent to the L-30
Canal (FL DEP 2000).

2.1.6 Future Plans

The reclaimed water system at the Boynton-Delray WWTP will be expanded to 24 MGD so
that all of the wastewater can be reclaimed for water reuse. A reclaimed water master plan
was developed for the City of Delray Beach in November 2003. The City is currently
constructing the first phase (Area 1) of the reclaimed water system. In March 2005, the
City applied for a permit to add additional users in Areas 2 and 3 as part of the next phase
of implementation (Matthews Consulting 2003).

The first phase of the plant expansion included construction of a 2 million gallon storage tank
to increase reclaimed water production for area golf courses. The cost of the Crom
Corporation tank was $900,000, of which $300,000 was funded by a grant from the South
Florida Water Management District. In the second phase, the filtration system and chlorine
contact facility will be enlarged, reclaimed water equalization will be added before the filters,
and additional pumping capability will be provided. The Board applied for $6.6 million of
federal funds to pay for the work. Another grant from the South Florida Water Management
District was received for the Year 2005 to continue the expansion work (Smith 2004). The
cities of Boynton Beach and Delray Beach are searching for additional large users of
reclaimed water and are discussing with the Florida DEP the possibility of using the ocean
outfall pipeline to distribute reclaimed water to users on the barrier island (Hodges 2003).

2.2 Boca Raton WWTP

An overview of the Boca Raton WWTP in Boca Raton and its associated facilities is given in
Table 2-9. Included are brief descriptions of the treatment and alternative disposal methods,
flows, reuse facilities, ocean outfall, and future plans. More extensive information is given
below.
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2.2.1 Description of Wastewater Treatment Plant

The original WWTP in the City of Boca Raton started operation in 1974 and had a design
capacity of 10 MGD. In the mid 1980s, the plant was modified to increase its design
capacity to 12 MGD (Boca Raton 2005b). The Boca Raton facility provides secondary
treatment and on-site biosolids processing. Liquid treatment facilities include screening and
grit removal, primary clarification, an activated sludge system with mechanical and diffused
aeration, final settling tanks and chlorine addition. The design criteria of the aeration basins
and secondary clarifiers are shown in Table 2-10. The biosolids processing facilities include
gravity belt and rotary drum thickeners, anaerobic digesters and sludge dewatering. Most of
the wastewater is treated and then discharged through an ocean outfall. Some of the
wastewater is reclaimed for water reuse. The plant is permitted to treat a 17.5 MGD annual
average daily flow, 20 MGD maximum month average daily flow and 40 MGD peak hourly
flow (Hazen and Sawyer 1997b). The Boca Raton WWTP site is constrained on the north by
athletic fields and a runway, on the west and south by freeways, and on the east by the Boca

Raton Water Treatment Plant (Fig. 2-4).

Table 2-9. Overview of Boca Raton WWTP, Ocean Outfall and Associated Facilities

Treatment Method Conventional activated sludge
and Disinfection level High level for public access reuse
alternate Basic level for ocean outfall disposal
disposal Other disposal None
options
2003 Flows Reuse 5.6 MGD
Ocean outfall 10.7 MGD
Other disposal flow --
Total treated flow 16.3 MGD
Reuse Design capacity 9 MGD
facilities Current flow 5.6 MGD
Start up 1989 on-site; 1993 Florida Atlantic University irrigation
Applications On site; residential irrigation; golf course irrigation; other
public access areas
Notes - -
Ocean Latitude 26°21'00"N
outfall Longitude 80°03'16"W
Discharge depth 90 feet
Distance offshore 5,166 feet
Inside diameter 36 inches
Number of ports 1
Diameter of ports 36 inches

Port orientation

Up 45° from horizontal

Future plans

WWTP

Could not identify

Reuse facilities

Expand design capacity to 15 MGD
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Table 2-10. Design Criteria for the Boca Raton WWTP

Treatment Facility Value | Units
Aeration Basins
No. of aeration basins 3 | #
Basin length 255 | ft.
Basin width 85 | ft.
Sidewater depth 13 | ft.
Volume per basin 211 | MG
Total aeration basin volume 6.32 | MG
Secondary Clarifiers
No. of clarifiers 5 |#
Diameter of clarifiers 1, 2 105 | ft.
Diameter of clarifiers 3, 4, 5 110 | ft.
Sidewater depth of clarifiers 1,2 12 | ft.
Sidewater depth of clarifiers 3, 4, 5 14 | ft.
Total surface area of clarifiers 45,829 | sf
Total volume of clarifiers 454 | MG

Figure 2-4. Aerial photograph of the Boca Raton WWTP. A
portion of the Boca Raton Water Treatment Plant is visible in
the lower right corner of the photo (Google Earth 2005).
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2.2.2 Historical and Projected Flows and Concentrations

The Boca Raton WWTP serves an estimated 138,200 people within its service area in 2005.
This estimate is derived from historical population data from the City of Boca Raton Utility
Services Department (Hazen and Sawyer 1997b) extrapolated based on projected population
growth rates used for the entirety of Palm Beach County issued in the United States Army
Corps of Engineers Comprehensive Everglades Restoration Plan Update (GEC 2003). The
population for the Boca Raton WWTP service area is expected to increase to 193,200 by the
Year 2025. Population projections for the study period are presented in Table 2-11.

Table 2-11. Population Projections for the Boca Raton WWTP Service Area from 2005 to
2025. Based on data from Hazen and Sawyer (1997b) and GEC (2003)

Year 2005 2010 2015 2020 2025
Population 138,200 151,700 165,400 179,500 193,200

Based on an historical wastewater production rate of 113 gal/capita/day prepared for the
United States Geological Survey study to assess wastewater discharge trends in Florida
(Marella 1999), the 2005 average daily wastewater flow rate is projected at 15.6 MGD. The
average daily wastewater flow rate is expected to increase to 21.8 MGD in 2025, based on a
constant wastewater production rate of 113 gal/capita/day. Wastewater flow rates for the
study period are presented in Table 2-12.

Table 2-12. Wastewater Flow Projections for the Boca Raton WWTP from 2005 to 2025.
Based on data from Hazen and Sawyer (1997b), GEC (2003) and Marella (1999)

Year 2005 2010 2015 2020 2025

Wastewater flow (MGD) 15.6 17.1 18.7 20.2 21.8

The average influent CBODs and TSS concentrations during 1996 were 136 and 124 mg/L,
respectively. The annual average CBODsand TSS reductions were 91% and 95%, resulting
in average effluent CBODsand TSS concentrations of 12 and 6 mg/L. This effluent quality
was typically achieved utilizing two out of three aeration basins and three out of five
secondary clarifiers (Hazen and Sawyer 1997b).

The average effluent concentrations for CBODs and TSS from August 2003 through October
2004 were 3 and 6 mg/L (Table 2-13), which are below the respective discharge limits of 25
and 30 mg/L. The removals of CBODs and TSS were 98% and 96%, respectively; much
higher than the 85% requirement. The average effluent concentrations of total nitrogen and
total phosphorus were 16.9 and 0.7 mg/L, respectively. The annual average, 90" percentile,
geometric mean and maximum effluent fecal coliform concentrations were 3, 10.1, 3.1 and
74.8 per 100 mL, respectively, as shown in Table 2-14. These values are well below the
corresponding limits of 200, 400, 200 and 800 per 100 mL. The average influent
concentrations for CBODs and TSS were 190 and 185 mg/L for the same period (Table 2-
15).
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Table 2-13. Ocean Outfall Discharge Composition of Boca Raton WWTP from 8/31/03 to

10/31/04. Data from Florida DEP Discharge Monitoring Reports

Parameter Average of monthly Maximum monthly
averages average

TSS (mg/L) 6 7.9

CBOD; (mg/L)* 3 4.6

TSS removal (%) 96 -

CBODs removal (%) 98 -

Total N (mg-N/L) 16.9 19.9
Ammonia N (mg-N/L)* 10.5 14.2
Nitrite+Nitrate N (mg-N/L)* 3.3 3.8

Total P (mg-P/L) 0.7 1.3

! Monitoring period between 2/29/04 and 10/31/04

Table 2-14. Ocean Outfall Fecal Coliform Concentrations at the Boca
Raton WWTP from 8/31/03 to 10/31/04. Data from Florida DEP
Discharge Monitoring Reports

Value (# /100 mL)
Average of monthly averages® 3
90™ percentile 10.1
Geometric mean 3.1
Maximum 74.8

! Monitoring period between 8/31/03 and 7/31/04 and 11/30/03 value is not reported

Table 2-15. Average Influent Concentrations at the Boca Raton
WWTP from 8/31/03 to 10/31/04. Data from Florida DEP
Discharge Monitoring Reports

Parameter Average of monthly averages
TSS (mg/L) 185
CBODs (mg/L) 190

Note: The monthly averages for the TSS and CBODs on 1/31/04 were 299 mg/L
and 241 mg/L respectively, which gives the highest sum (540 mg/L) of
monthly averages for TSS and CBOD:s,

2.2.3 Reuse Facilities

The Boca Raton WWTP added capability to produce a limited quantity of reclaimed water
for process water and landscape irrigation onsite in 1989. Two automatic backwash filters
with a total design capacity of 3 MGD were operated (CDM 1990). In 1993, Florida Atlantic
University was being irrigated and Phase | of the reuse system construction was continuing to
expand reclaimed water distribution to public access areas. The current reuse system
includes chemical filter aid, filtration and high level disinfection. Six automatic backwash
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medium-depth mono-media sand filters with a total surface area of 3450 ft?and a design
capacity of 9 MGD are being used (Brown and Caldwell 1993). According to the 2003
Florida DEP Reuse Inventory (FL DEP 2004), the reuse system has a design capacity of 9
MGD, of which 62% (5.6 MGD) is being utilized. The reuse system IRIS (In-city
Reclamation Irrigation System) provides service to Boca Raton's Sabal Park/Pinelands area,
Florida Atlantic University, Mizner Park and a number of commercial green spaces along
Federal Highway, residential customers and golf courses (Boca Raton 2005a).

2.2.4 Ocean Outfall

The ocean outfall pipe from the Boca Raton WWTP consists of three sections with 42, 30
and 36 inch diameters. Treated effluent is discharged 5,166 ft from the shoreline at a depth
of 90 ft. The permitted capacity of the wastewater effluent through the ocean outfall is 17.5
MGD annual average daily flow. In addition, the outfall is permitted to carry a 4.5 MGD
annual average daily flow (7 MGD maximum daily flow) of membrane softening concentrate
from the water treatment plant (FL DEP 2003b).

2.2.5 Disposal Methods in Addition to Ocean Outfalls
The City of Boca Raton has no disposal method besides its ocean outfall.

2.2.6 Future Plans

The City of Boca Raton submitted a capacity analysis report during permit renewal to the
Florida DEP for a rerating of the Boca Raton WWTP’s annual average daily flow from 17.5
MGD to 23 MGD, corresponding to a maximum month average daily flow of 26.5 MGD and
a peak hourly flow of 46 MGD. The peaking factor for maximum month average daily
flow/annual average daily flow is proposed to remain at 1.15, whereas peak hourly
flow/annual average daily flow ratio is suggested to be reduced to 2.0, based on a review of
historical hourly flow data from 1995 to 1996. The treatment processes limiting the rerated
capacity were the primary clarifiers, return activated sludge pumping and sludge thickening.
The peak flow to the outfall based on pumping capacity was estimated to be 28 MGD. The
available total equalization capacity is 5.5 million gallons, consisting of a 2.5 million gallon
effluent equalization tank and a 3.0 million gallon reuse system storage tank. The facilities
were found to be adequate for the proposed 46 MGD peak hourly flow, considering a
committed reuse flow of 2.0 MGD, 28 MGD ocean outfall and 4.0 million gallons of
equalization required for a peak hourly flow rate duration of 6 hours (Hazen and Sawyer
1997D).

The reclaimed water master plan prepared by CDM for the City of Boca Raton proposed
a reclaimed water system IRIS with a design capacity of 15 MGD to be completed by
2000. The service district included 2,480 acres of green space, including five large users
(Florida Atlantic University and four golf courses), all public and commercial properties,
multi-family condominium and rental complexes, and 12,773 single family homes. The
reclaimed water system was found to reduce the annual water consumption by 25 to 30%
and had the potential to eliminate the 10 MGD expansion of the water treatment plant and
related water supply wells with an estimated capital cost of between 7.7 and 8.7 million
dollars (CDM 1990). However, the water treatment plant was expanded in 1991, before
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the reclaimed water system was completed. The implementation of IRIS has been slower
than planned.

2.3 Broward/North WWTP

An overview of the Broward/North WWTP in Broward County and its associated facilities is
given in Table 2-16. Included are brief descriptions of the treatment and alternative disposal
methods, flows, reuse facilities, ocean outfall, and future plans. More extensive information
is given below.

2.3.1 Description of Wastewater Treatment Plant

The initial Broward/North WWTP, with a design capacity of 20 MGD and located at 2401 N.
Powerline Road, Pompano Beach, started providing wholesale wastewater treatment service
to large users in 1975. The plant underwent its first major expansion in 1980, which
increased the design capacity to 66 MGD annual average daily flow. The plant reached 80
MGD annual average daily flow capacity through a second major expansion that was
completed in 1992.

In 2001, a rerating was requested for the Broward/North WWTP from 80 MGD to 84 MGD
and a capacity of 84 MGD annual average daily flow was permitted in 2003. The Broward
County Office of Environmental Services started planning in 1995 to expand the
Broward/North WWTP to 100 MGD design capacity. Sludge stabilization and dewatering
improvements projects were completed in 2001 as part of the expansion (Hazen and Sawyer
2004).

The Broward/North WWTP provides secondary treatment and on-site biosolids processing.
There are four individual treatment trains (Modules A, B, C, D). The liquid treatment
facilities include screening, grit removal, an activated sludge system, secondary clarifiers,
and chlorine contact tanks. The design criteria of the aeration basins and secondary clarifiers
are shown in Table 2-17. Solids treatment facilities consist of dissolved air flotation
thickeners, anaerobic digesters, and sludge dewatering. After the sludge is digested and
dewatered, it is disposed of by land filling and land spreading. The sludge is rated as Class
B, which is suitable for application to agricultural sites with restricted public access. Some
of the wastewater is treated and then disposed of through an ocean outfall, another portion is
treated and then disposed of through six Class I injection wells, and the remainder is
reclaimed for water reuse (Hazen and Sawyer 2004). Some area remains open on the
Broward/North WWTP site (Fig. 2-5). Commercial developments constrain the site
boundaries on all four directions, although a parcel of undeveloped land extends from the
northwest corner of the plant site.

2-15



Table 2-16. Overview of the Broward/North WWTP, Ocean Outfall and Associated Facilities

Treatment Method Conventional activated sludge
& alternate  Disinfection level High level for public access reuse
disposal Basic level for ocean outfall disposal
Other disposal options Class I injection wells
2003 Flows Reuse 4.5 MGD
Ocean outfall 36.5 MGD
Other disposal flow 29.1 MGD
Total treated flow 69.8 MGD
Reuse Design capacity 10 MGD
facilities Current flow 4.5 MGD
Start up 1991
Applications On site; other facility; other public access
Notes Effluent from Modules B and C is further treated to
produce reclaimed water for reuse
Ocean Latitude 26°15'00"N
outfall Longitude 80°03'45"W
Discharge depth 107 ft
Distance offshore 7,300 ft
Inside diameter 54 inches
Number of ports 1
Diameter of ports 54 inches
Port orientation Horizontal
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Table 2-17. Design Criteria for the Broward/North WWTP

Treatment Facility Value Units
Aeration Basins
No. of modules (A, B, C, D) 4 | #
No. of aeration basins per module 4 | #
Total no. of aeration basins 16 | #
Basin length 225 | ft.
Basin width 75 | ft.
Sidewater depth 155 | ft.
Volume per basin 1.96 | MG
Total aeration basin volume 31.3 | MG
Secondary Clarifiers
No. of clarifiers per module 4 | #
Total no. of clarifiers 16 | #
Diameter of clarifiers 105 | ft.
Sidewater depth of clarifiers in modules A, B, C 12 | ft.
Sidewater depth of clarifiers in modules D 15 | ft.
Total surface area of clarifiers 138,560 | sf

Ti': 1 “fﬁ,&.ﬁh 3—
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Figure 2-5. Aerial photograph of the Broward/North WWTP
(Google Earth 2005).
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Table 2-18. Population Projections for Broward/North WWTP Service Area from 2005 to
2025 (Hazen and Sawyer 2004)

Year 2005 2010 2015 2020 2025
Population 724,000 790,600 856,300 919,500 978,300

Table 2-19. Wastewater Flow Projections for Broward/North WWTP from 2005 to
2025 (Hazen and Sawyer 2004)

Year 2005 2010 2015 2020 2025
Wastewater Flow (MGD) 84.2 88.6 90.8 92.2 94.1
Per Capita Usage (gal/day) 116 112 106 100 96

The average influent CBODsand TSS concentrations during 2002 were 136 and 241 mg/L,
respectively. The annual average CBODsand TSS reductions were both 97%, resulting in
average effluent CBODs and TSS concentrations of 3.3 and 5.9 mg/L, respectively. This
effluent quality was achieved with an average of ten out of sixteen aeration basins in
service (Hazen and Sawyer 2004). The average influent CBODsand TSS concentrations
from 1997 to 2001 were 142 and 248 mg/L, respectively (Hazen and Sawyer 2002).

Additional monitoring data were summarized for the period August 2003 through October
2004. Effluent CBODs and TSS concentrations averaged 4 and 7 mg/L, respectively as
shown in Table 2-20. These values are well below the corresponding discharge limits of 25
and 30 mg/L. The removals for CBODs and TSS were both 97%; much higher than the
requirement of 85%. The average effluent concentrations of total nitrogen and phosphorus
were 14.8 and 1.3 mg/L, respectively. Annual average, 90" percentile, geometric mean and
maximum effluent fecal coliform concentrations were 14, 25, 7 and 53 per 100 mL,
respectively as shown in Table 2-21. These values are below the corresponding limits of
200, 400, 200 and 800 per 100 mL. The average influent concentrations for CBODs and TSS
were 130 and 217 mg/L, respectively, for the same period as shown in Table 2-22.

Table 2-20. Ocean Outfall Discharge Composition of Broward/North WWTP from 8/31/03
to 10/31/04. Data from Florida DEP Discharge Monitoring Reports

Parameter Average of monthly averages Maximum monthly average
TSS (mg/L) 7 13

CBODs (mg/L) 4 5

TSS removal (%) 97 -

CBODs removal (%) 97 -

Total N (mg-N/L) 14.8 19.9

Total P (mg-P/L) 13 2.0
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Table 2-21. Ocean Outfall Fecal Coliform Concentrations at the
Broward/North WWTP from 8/31/03 to 10/31/04. Data from
Florida DEP Discharge Monitoring Reports

Value (# /100 mL)
Average of monthly averages 14
90™ percentile 25
Geometric mean 7
Maximum 53

Table 2-22. Average Influent Concentrations of the Broward/North
WWTP from 8/31/03 to 10/31/04. Data from Florida DEP
Discharge Monitoring Reports

Parameter Average of monthly averages
TSS (mg/L) 217
CBODs (mg/L) 130

Note: The monthly averages for the TSS and CBODs on 5/31/04 were 339 mg/L
and 144 mg/L respectively, which gives the highest sum (483 mg/L) of
monthly averages for TSS and CBOD:s.

2.3.3 Reuse Facilities

A 10 MGD reclaimed water system together with approximately 2 miles of 24 inch
transmission line terminating at the North Broward County Resource Recovery Facility was
placed in service at the Broward/North WWTP in 1991. The current reclaimed water system
consists of a filter feed pump station, filters, a chlorine contact tank, chemical feed facilities,
storage tanks, and distribution pumping systems (Hazen and Sawyer 2004). Forty Parkson
Dynasand single media upflow continuous backwash filters, with a total surface area of 2000
ft“ and a design capacity of 10 MGD, are arranged in 10 individual basins with four units per
basin (Hazen and Sawyer 1992). Clarified effluent from modules B and C is diverted to the
filtration system. The existing reclaimed water demand is 45% (4.5 MGD) of the current
design capacity

2.3.4 Ocean Outfall

Treated effluent from the Broward/North WWTP is discharged through a 54 inch ductile iron
pipe at a depth of 107 ft that extends 7,300 ft from the shoreline. The permitted capacity of
the outfall is 66 MGD annual average daily flow (FL DEP 2003a).

2.3.5 Disposal Methods in Addition to Ocean Outfall

The Class I injection well system at the Broward/North WWTP that was constructed in 1990-
1991 consisted of an injection well pumping station, four Class I injection wells, and two
dual zone Floridan aquifer monitoring wells. In 2000-2001, two additional Class I injection
wells and two monitoring wells were constructed. The combined design capacity of the ocean
outfall/injection well systems with one injection well out of service is 174 MGD peak hourly
flow and 87 MGD average daily flow with a peaking factor of 2.0 (Hazen and Sawyer 2002).
The permitted peak hourly flow capacity for the six wells is 60 MGD (FL DEP 2003a). An
average flow of 29.1 MGD was discharged to the wells during 2003 (FL DEP 2004).
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Water quality issues have been encountered for one of the monitoring wells. The U.S. EPA
published a draft rule change in 2000 and 2003 that requires operators of wells with
questionable data to either demonstrate non-endangerment of the underground source of
drinking water or provide higher levels of treatment, described as possibly filtration and high
level disinfection (Hazen and Sawyer 2004). U.S. EPA published new rules governing Class
I injection wells in 24 Florida Counties including Palm Beach, Broward and Miami-Dade
Counties on 11/22/05. These federal rules became effective on 12/22/05.

2.3.6 Future Plans

Plans for expansion of the Broward/North WWTP to a design capacity of 100 MGD include
construction of an additional treatment module (E) with 20 MGD annual average daily flow
capacity, new sludge dewatering and storage facilities, expansion and improvements of
preliminary treatment facilities and anaerobic digestion facilities, improvements to
disinfection facilities, construction of new Class | injection wells, and updating of the plant
distributed control system (Hazen and Sawyer 2004). The design criteria of the aeration
basins and secondary clarifiers in Module E are shown in Table 2-23.

Broward County Office of Environmental Services has plans to utilize the 10 MGD design
capacity of the reuse system. A portion of this capacity is already committed. An additional
2 MGD will be needed when the Broward/North WWTP is expanded to 100 MGD. There is
an agreement with Wheelabrator Environmental Services to provide up to 2 MGD of
reclaimed water and up to 2.3 MGD if the company adds boilers at the North Broward
County Resource Recovery Facility. The Broward County Office of Environmental
Services has started providing irrigation water for a portion of the Pompano Beach Park of
Commerce, which is under development next to the plant (Hazen and Sawyer 2004).

Table 2-23. Design Criteria for Module E

Module E Value Units
Aeration Basins
No. of aeration basins 4 | #
Basin length 335 | ft
Basin width 52 | ft.
Sidewater depth 155 | ft
Volume per basin 2 | MG
Total aeration basin volume 8 | MG
Secondary Clarifiers
No. of clarifiers 3 |#
Diameter of clarifiers 125 | ft.
Sidewater depth 16 | ft.
Total surface area of clarifiers 36,816 | sf

The City of Pompano Beach has ongoing efforts to expand its own reclaimed water treatment
design capacity and service area. This community tapped into the outfall line from the
Broward North WWTP, built a filtration and high-level disinfection facility, and supplies
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reclaimed water within Pompano Beach. This utilization of a water resource that was
previously being wasted results in an increase in the percentage of Broward/North WWTP
flows that is reused (Hazen and Sawyer 2004).

Coconut Creek and the North Springs Improvement District have expressed interest in
receiving reclaimed water from Broward/North WWTP for roadway median irrigation. An
initiative to fund this project was introduced in 2003 by the State but was not accepted. The
project was resubmitted in January 2004. If funding is obtained, the Broward County Office
of Environmental Services is prepared to upgrade its facilities to meet this demand (Hazen
and Sawyer 2004).

24 Hollywood WWTP
An overview of the Hollywood WWTP in Broward County and its associated facilities is

given in Table 2-24. Included are brief descriptions of the treatment and alternative disposal
methods, flows, reuse facilities, ocean outfall, and future plans. More extensive information

is given below.

Table 2-24. Overview of Hollywood WWTP, Ocean Outfall and Associated Facilities

Treatment Method Pure oxygen activated sludge
&alternate  Disinfection level High level for public access reuse
disposal Basic level for ocean outfall disposal
Other disposal options Class I injection wells (in testing)
2003 Flows Reuse 2.6 MGD
Ocean outfall 39.5 MGD
Other disposal flow --
Total treated flow 42.1 MGD
Reuse Design capacity 4 MGD
facilities Current flow 2.6 MGD
Start up 1994 Public access reuse
Applications Golf course irrigation
Notes - -
Ocean Latitude 26°01'04"N
outfall Longitude 80°05'04"W
Discharge depth 93 ft
Distance offshore 10,000 ft
Inside diameter 60 inches
Number of ports 1
Diameter of ports 60 inches
Port orientation Horizontal

Future plans

WWTP
Reuse facilities

Expand to 50 MGD design capacity in two phases

Increase reuse flow by 1.1 MGD
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2.4.1 Description of Wastewater Treatment Plant

The Hollywood WWTP, located at 1621 N. 14™ Avenue, Hollywood, has been operating
since the 1940s. In 1973, trickling filters were replaced with a pure oxygen activated sludge
system and the plant was expanded to 36 MGD. The design capacity was increased to 38
MGD in 1981 (Public Utility Management and Planning Services and Hazen and Sawyer
2001). The current design capacity of the plant is 45 MGD annual average daily flow as
mentioned in the permit (FL DEP 2002). The permitted capacity reported in the Florida DEP
(2002) permit and SFRPC (2005) are 42 and 48.75 MGD, respectively. The City started
implementing a program in 1999 to expand the design capacity to 50 MGD in two phases
(Hazen and Sawyer 1988; Hazen and Sawyer 1999a). The current activated sludge plant
includes bar screens, grit tanks, influent pumps, oxygenation tanks, clarifiers, chlorination,
effluent pumps, and post lime sludge stabilization facilities (Public Utility Management and
Planning Services and Hazen and Sawyer 2001; Hollywood 2005c). The design criteria of
the aeration basins and secondary clarifiers are shown in Table 2-25. Most of the wastewater
is treated and then discharged through an ocean outfall. The remainder is reclaimed for water
reuse. Two 24 inch Class I injection wells were constructed as part of an expansion process.
The plant is sited within a golf course that is ringed with housing developments on the west,
south, and east and by a recreational complex to the north (Fig. 2-6).

Table 2-25. Design Criteria for the Hollywood WWTP

Treatment Facility Value Units
Aeration Basins
No. of trains (1, 2, 3, 4) 4 | #
No. of aeration basins per train 4 | #
Total no. of aeration basins 16 | #
Basin length in trains 1, 2 58 | ft.
Basin length in trains 3, 4 36 | ft.
Basin width in trains 1, 2 58 | ft.
Basin width in trains 3, 4 36 | ft.
Sidewater depth in trains 1, 2 14 | ft.
Sidewater depth in trains 3, 4 18 | ft.
Volume per basins in trains 1, 2 0.35 | MG
Volume per basins in trains 3, 4 0.17 | MG
Total aeration basin volume 42 | MG
Secondary Clarifiers
Length of clarifiers no. 1-4 135 | ft.
Width of clarifiers no. 1-4 135 | ft.
Sidewater depth of clarifiers no. 1-4 12 | ft
Diameter of clarifiers no. 5-6 120 | ft.
Sidewater depth of clarifiers no. 5-6 14 | ft.
Total surface area of clarifiers 95,508 | sf
Total volume of clarifiers 9.06 | MG
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Figure 2-6. Aerial photograph of the Hollywood WWTP
(Google Earth 2005)

2.4.2 Historical and Projected Flows and Concentrations

The Hollywood WWTP serves an estimated 312,200 people within its service area in 2005.
This estimate is derived from historical population data (Marella 1999) extrapolated based on
projected population growth rates for Broward County presented in the United States Army
Corps of Engineers Comprehensive Everglades Restoration Plan Update (GEC 2003). The
population for the Hollywood WWTP service area is expected to increase to 425,600 by
2025. Population projections for the study period are presented in Table 2-26.

Based on an historical wastewater production rate of 128 gal/capita/day (Public Utility
Management and Planning Services and Hazen and Sawyer 2001), the 2005 average daily
wastewater flow rate was projected at 40.0 MGD. The average daily wastewater flow rate is
expected to increase to 54.5 MGD in 2025, based on a constant wastewater production rate of
128 gal/capita/day. Projected wastewater flow rates for the study period are presented in
Table 2-27.

The annual average influent BODs and TSS concentrations from November 1985 through
December 1987 were 86 and 84 mg/L. The low wastewater strength was caused by the
infiltration/inflow in the Hollywood collection system (Hazen and Sawyer 1988). Effluent
CBODs concentrations for the Hollywood WWTP during high flow occurrence days in July
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and August 1989 were in the range of 5 to 19 mg/L (Hazen and Sawyer 1999a). The average
effluent CBODs concentration from May through October 1992 was 4 mg/L (Hazen and
Sawyer 1993).

Table 2-26. Population Projections for Hollywood WWTP Service Area from 2005 to
2025. Based on data from Public Utility Management and Planning Services and
Hazen and Sawyer (2001) and GEC (2003)

Year 2005 2010 2015 2020 2025
Population 312,200 340,100 368,400 397,500 425,600

Table 2-27. Wastewater Flow Projections for Hollywood WWTP from 2005 to 2025.
Based on data from Public Utility Management and Planning Services and Hazen and
Sawyer (2001), GEC (2003) and Marella (1999)

Year 2005 2010 2015 2020 2025
Wastewater flow (MGD) 40.0 43.5 47.2 50.9 54.5

The average effluent concentrations for CBODs and TSS from August 2003 through October
2004 were 8 and 17 mg/L, respectively, as shown in Table 2-28. These values are below the
respective discharge limits of 25 and 30 mg/L. The removals for CBODs and TSS were 94%
and 87%, respectively. The average effluent concentrations for total nitrogen and
phosphorus were 16.6 and 1.1 mg/L, respectively. Several months of coliform data were
missing from the data report, as explained in the footnotes to Table 2-29. Based on available
data, values for the annual average, 90™ percentile, geometric mean effluent fecal coliform
concentrations were 7, 20.9 and 2.7, respectively, which are below the corresponding limits
of 200, 400 and 200 per 100 mL. However, the maximum was 2,120 per 100 mL, which is
above the limit of 800 per 100 mL. The average influent concentrations for CBODs and TSS
were 139 and 136 mg/L for the 15-month period, as shown in Table 2-30. The influent
wastewater strength has increased due to infiltration/inflow reduction programs (Hazen and
Sawyer 1988).

Table 2-28. Ocean Outfall Discharge Composition of the Hollywood WWTP from
8/31/03 to 10/31/04. Data from Florida DEP Discharge Monitoring Reports

Parameter Average of monthly Maximum monthly
averages average

TSS (mg/L) 17 26.6
CBODs (mg/L) 8 17.9

TSS removal (%) 87 -

CBODs removal (%)* 94 -

Total N (mg-N/L) 16.6 21.2
Ammonia N (mg-N/L) 11.9 15
Nitrite+Nitrate N (mg-N/L) 1.2 4.8

Total P (mg-P/L) 1.1 1.4

! Calculated based on the given influent and effluent monthly average data
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Table 2-29. Ocean Outfall Fecal Coliform Concentrations at the
Hollywood WWTP from 8/31/03 to 10/31/04. Data from Florida DEP
Discharge Monitoring Reports

Value (# /100 mL)
Average of monthly averages 7
90" percentile* 20.9
Geometric mean* 2.7
Maximum? 2120

111/30/03, 12/31/03, 1/31/04, 4/30/04 and 8/31/04 values were not reported

28/31/03, 11/30/03, 12/31/03, 1/31/04, 4/30/04, 8/31/04 and 9/30/04 values were not
reported

Table 2-30. Average Influent Concentrations at the Hollywood
WWTP from 8/31/03 to 10/31/04. Data from Florida DEP
Discharge Monitoring Reports

Parameter Average of monthly averages
TSS (mg/L) 136
CBODs (mg/L) 139

Note: The monthly averages for the TSS and CBODs on 5/31/04 were 158 mg/L
and 162 mg/L respectively, which gives the highest sum (320 mg/L) of
monthly averages for TSS and CBOD:s.

2.4.3 Reuse Facilities

Reclaimed water was used only for on-site processes until 1993, when process and storage
facilities were installed to enable 4 MGD of public access reuse. In 1994 a transmission
system was constructed to supply reclaimed water to golf courses (Public Utility
Management and Planning Services and Hazen and Sawyer 2001). The current reuse system
includes an 8 MGD continuous backwash tertiary filter system, high level disinfection and
contact tanks, 0.5 MG of on-site reuse storage, pumping facilities and a reuse transmission
and distribution system (Hollywood 2005b). The current reuse system has a permitted
capacity of 4 MGD and is providing 2.6 MGD of reclaimed water to six local golf courses
(FL DEP 2004). There are ongoing discussions with more users to provide an additional 1.1
MGD (FL DEP 2002).

Reuse has been found beneficial in Hollywood by reducing water withdrawals from the
surficial aquifer system, helping to prevent saltwater intrusion. The City of Hollywood
determined that about 4 MGD of off-site reuse was economically feasible, but it received
resistance from users. The City therefore sponsored legislation to require reclaimed water to
be used where it is available and reliable. Residential reuse was also considered. Capital cost
for residential reuse (or dual distribution) water systems was estimated as $21 to $30 per
gal/day of reuse capacity, whereas golf course irrigation was estimated as less than $2 per
gal/day of reuse capacity. The City concluded that the cost of residential reuse in Hollywood
was too expensive and inconvenient for single-families with small lots that utilize limited
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amounts of water for irrigation (Public Utility Management and Planning Services and Hazen
and Sawyer 2001).

2.4.4 Ocean Outfall

The treated wastewater from the Hollywood WWTP is transported to the Atlantic Ocean
through a 60 inch diameter outfall pipe that extends 10,000 ft off-shore, reaching a depth of
93 ft. The outfall pipe will be at or exceeding its recommended maximum hydraulic capacity
when the plant is uprated to 50 MGD. Class I injection wells are therefore being constructed
to serve as an additional disposal method (Hazen and Sawyer 1994). The City has an
agreement with the Town of Davie and Cooper City to dispose of treated wastewater through
the existing effluent disposal system. The permitted capacity with these flows is 46.3 MGD
annual average daily flow (FL DEP 2002).

In September 1976, the 60 inch outfall pipeline failed near Michigan Street, at a point 1,200
ft off the Hollywood Beach. Repairs to the 96 ft of damaged pipe required several weeks.
The Hollywood Beach was closed during this period. The failure was caused by trapped air
and associated localized pressure surges (Hazen and Sawyer 1999a).

The Southeast Florida Outfall Experiment Il (SEFLOE 11) study characterized the minimum
initial dilution properties of the outfall system at a design flow of 54 MGD. This flow was
determined considering flows of 42 MGD from the Hollywood WWTP, 6.75 MGD from the
Cooper City/Davie treatment plants, 2.2 MGD of reverse osmosis and membrane softening
brines from the proposed water treatment plant, and 3 MGD of planned future flows. The
minimum flux average dilution in the zone of initial dilution was 28.4:1, which is above the
minimum of 20:1 established by regulations. The initial dilution characteristics of the
Hollywood and Miami-Dade/Central outfall systems were compared. Hollywood was found
to be superior to the multiport system in Miami-Dade/Central. It was therefore concluded that
effluent from the Hollywood outfall undergoes rapid dilution (Hazen and Sawyer 1994).

2.4.5 Disposal Methods in Addition to Ocean Outfall

During the plant uprating process, effluent disposal options were reviewed and construction
of two Class I injection wells (the Florida DEP requires a minimum of two) was chosen from
among several options. Construction permits have been obtained by the City to install two 24
inch diameter Class I injection wells. Currently the two wells are under operational testing,
as required to eventually obtain an operation permit. The tentative permitted capacity of the
Class I injection well system is 18.6 MGD (Hazen and Sawyer 1999b).

2.4.6 Future Plans
The Hollywood WWTP is being expanded to 50 MGD (Hollywood 2005a). For upgrade to
45 MGD annual average daily flow, the following improvements were made (Public Utility
Management and Planning Services and Hazen and Sawyer 2001; FL DEP 2002):
e Upgrade of influent pump station
= Installation of a third emergency generator for the influent pump station and other
facilities on the south side of the WWTP
» Installation of a fourth emergency generator for the effluent and other facilities on the
north side of the WWTP
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e Construction of a 120 ft diameter clarifier (No. 7)

e Construction of return activated sludge pumping station (No. 4)
e Construction of a 24 inch diameter deep injection well

e Replace existing flow meter with a magnetic flow meter

Ugrading to 50 MGD annual average daily flow includes the following improvements:
e Construction of oxygenation train No. 5, consisting of four cells
e Construction of a 120 ft diameter clarifier No. 8
= Construction of second 24 inch diameter deep injection well
e Rehabilitation of oxygenation trains No. 1 and 2 and rehabilitation of clarifiers No. 1-
4

The on-site storage for reclaimed water is limited during extreme storms. The possibility of
using golf course ponds for additional storage during these periods is therefore being
explored by the City of Hollywood. In the long term, the City is investigating the possibility
of emergency discharge of reclaimed water mixed with golf course pond water to inland
surface waters. The City is seeking this approach to get some relief for 5 to 10 years, but is
aware of the difficulty of obtaining such a regulatory permit (Hazen and Sawyer 1999a).

2.5  Miami-Dade/North WWTP

An overview of the Miami-Dade/North WWTP in Miami-Dade County and its associated
facilities is given in Table 2-31. Included are brief descriptions of the treatment and
alternative disposal methods, flows, reuse facilities, ocean outfall, and future plans. More
extensive information is given below.

2.5.1 Description of Wastewater Treatment Plant

The Miami-Dade/North WWTP located at 2575 N.E. 151 St., North Miami, started
operation in the late 1970s. Liquid treatment facilities include bar screens, primary clarifiers,
pure oxygen trains, secondary clarifiers and chlorination facilities. The design criteria of the
aeration basins and secondary clarifiers are shown in Table 2-32. The sludge transfer
pumping station pumps the primary sludge, waste activated sludge, and scum to the Miami-
Dade/Central WWTP for biosolids treatment. Most of the treated effluent is disposed of
through an ocean outfall. A portion of the wastewater is reclaimed for water reuse. Four
Class I injection wells have been constructed, but a testing program must be completed
before the wells may be placed in service. The maximum flow that can be discharged to the
wells is 45 MGD. The plant has a rated capacity of 120 MGD annual average daily flow and
is permitted to treat an annual average daily flow of 112.5 MGD (PBS&J 2003). The plant
site has undeveloped land available to the north, east and south, with a freeway bounding the
site on the west (Fig. 2-7).
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Table 2-31. Overview of Miami-Dade/North WWTP, Ocean Outfall and Associated

Facilities
Treatment Method Pure oxygen activated sludge
&alternate  Disinfection level High level for public access reuse
disposal Basic level for ocean outfall disposal
Other disposal options Class I injection wells (in testing)
2003 Flows Reuse 2.3 MGD
Ocean outfall 80.6 MGD
Total treated flow 82.9 MGD
Reuse Design capacity 4.4 MGD
facilities Current flow 2.3 MGD
Start up 1997 Florida International University irrigation
Applications On-site; Florida International University irrigation
Notes Influent from northwestern Miami with lower chloride
concentrations is reclaimed for water reuse
Ocean Latitude 25°55'48"N
outfall Longitude 80°05'04"W
Discharge depth 108 ft
Distance offshore 11,700 ft
Inside diameter 90 inches
Number of ports 12
Diameter of ports 24 inches
Port orientation Horizontal

Future plans

WWTP

Reactivate old ocean outfall for wet weather flows

Reuse facilities

Could not identify

Table 2-32. Design Criteria for the Miami-Dade/North WWTP

Treatment Facility Value Units
Aeration Basins
No. of trains 5 |#
No. of aeration basins per train 4 | #
Basin length 61 | ft.
Basin width 61 | ft.
Sidewater depth 15 | ft.
Volume per basin 0.39 | MG
Total aeration basin volume 7.8 | MG
Secondary Clarifiers
No. of clarifiers 12 | #
Diameter of clarifiers 160 | ft.
Sidewater depth of clarifiers 12 | ft.
Total surface area of clarifiers 241,200 | sf
Total volume of clarifiers 24.24 | MG

2-28



cccc

te A
Figure 2-7. Aerial photograph of the Miami-Dade/North WWTP (Google

Earth 2005)

2.5.2 Historical and Projected Flows and Concentrations

The Miami-Dade/North WWTP serves an estimated 635,400 people within its service area in
2005. Data on population for the entire district, which includes three wastewater treatment
facilities (North, Central, and South) was obtained from the Miami-Dade Water and Sewer
Department for 2001 (PBS&J 2003). The population of the service area for the Miami-
Dade/North WWTP was estimated by dividing the wastewater flow for the Miami-
Dade/North WWTP by the total wastewater handled by all three treatment plants, and then
multiplying by the total number of residents within the three service areas. Data is presented
by the Miami-Dade Water and Sewer Department through the year 2015. To obtain
extrapolated population data for the years 2020 and 2025, the average population increase for
the previous two projection years (2010 and 2015) were averaged and the increase percent
was extrapolated linearly for the final two entries of the study period. The population for the
Miami-Dade/North WWTP service area is expected to increase to 777,500 by 2025.
Population projections for the study period are presented in Table 2-33.

Table 2-33. Population Projections for Miami-Dade/North WWTP Service Area from
2005 to 2025. Based on data from PBS&J (2003)

Year 2005 2010 2015 2020 2025
Population 635,400 658,800 700,600 735,800 777,500

The Miami-Dade Water and Sewer Department presents wastewater flow estimates for the

Miami-Dade/North WWTP for the year 2005 in their Wastewater Management Master Plan
(PBS&J 2003). The wastewater flow for 2005 was estimated by the Miami-Dade Water and
Sewer Department to be 107.9 MGD, or 170 gal/capita/day. The data from the Miami-Dade
Water and Sewer Department extends to the Year 2015. Wastewater flow data for 2020 and
2025 were extrapolated based on the per capita wastewater generation rate and includes the

decrease in per capita production reflected in the Department’s data between 2010 and 2015.
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The decrease was extended linearly to obtain a per capita wastewater production of 165
gal/capita/day for 2020 and 162 gal/capita/day for 2025. The average daily wastewater flow
rate is expected to increase to 126.3 MGD in the Year 2025. Projected wastewater flow rates
for the study period are presented in Table 2-34.

Table 2-34. Wastewater Flow Projections for Miami-Dade/North WWTP from 2005 to
2025. Based on data from PBS&J (2003)

2005 2010 2015 2020 2025
Wastewater flow (MGD) 107.9 1119 116.6 1213 126.3
Per capita usage (gal/day) 170 170 166 165 162

The average influent BODs and TSS concentrations during 2001 were 99 and 127 mg/L,
respectively. The annual average BODs and TSS reductions were 94% and 89%, resulting in
average effluent BODs and TSS concentrations of 5.6 and 13.6 mg/L (PBS&J 2003). The
average influent BODsand TSS concentrations from 1984 through 1997 were 127 and 157
mg/L, respectively. The annual average BODsand TSS reductions were 89% and 88%,
resulting in average effluent BODsand TSS concentrations of 14 and 19 mg/L (PBS&J
1998).

The wastewater effluent quality was reviewed for a variety of constituents. The Miami-
Dade/North WWTP was found to have chloride concentrations of 580 mg/L. The impacts
of high chloride concentrations on public access reuse, specifically with urban and
agricultural irrigation, were evaluated in the 1992 Reuse Feasibility Study (PBS&J 1992).
Infiltration/inflow reduction programs in the wastewater collection and transmission system
were found to be useful for reducing high chloride concentrations in reclaimed water. The
Miami-Dade/North WWTP treats wastewater influents with high and low chloride
concentrations in two separate trains. Influent wastewater from North Miami and Miami
Beach contains chloride concentrations or 1,000 mg/L or higher, whereas influent from the
northwestern portion of the county has chloride concentrations in the vicinity of 135 mg/L.
Effluent from the low chloride train, which has chloride concentrations less than 400 mg/L, is
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Table 2-35. Ocean Outfall Discharge Composition of the Miami-Dade/North WWTP from
8/31/03 to 7/31/04. Data from Florida DEP Discharge Monitoring Reports

Parameter Average of monthly averages | Maximum monthly average
TSS (mg/L) 10 12.4

CBODs (mg/L) 6 9.2

TSS removal (%) - -

CBODs removal (%) - -

Total N (mg-N/L) 17.5 20.5

Total P (mg-P/L) 1.7 2.1

Table 2-36. Ocean Outfall Fecal Coliform Concentrations at the Miami-
Dade/North WWTP from 8/31/03 to 7/31/04. Data from Florida DEP
Discharge Monitoring Reports

Value (# /100 mL)
Annual average -
90™ percentile -
Geometric mean 1.2
Maximum 67.3

2.5.3 Reuse Facilities

The Miami-Dade/North WWTP has an on-site reuse system that consists of filtration,
chlorination and pumping facilities and reclaimed water storage tanks. Three down flow
filters with a total surface area of 510 ft>and a design capacity of 3 MGD, two continuous
backwash filters with a total surface area of 200 ft?and a design capacity of 1.4 MGD, a
down flow deep bed filter with a total surface area of 154 ft?and a design capacity of 1.6
MGD, and a dual media down flow filter with a total surface area of 150 ft*and a design
capacity of 1.1 MGD are currently in use. The reclamation system started in 1997 to provide
reclaimed water to Florida International University for landscape irrigation. The reuse system
capacity is 2.9 MGD for on-site and 1.5 MGD for the university’s applications. During 2003,
the reclaimed water flow was 2.3 MGD (FL DEP 2004). The wastewater influent from
northeastern Miami contains high chloride concentrations due to the infiltration/inflow of
brackish groundwater. It is therefore not reclaimed for irrigation reuse. The influent from
Northwestern Miami has lower chloride concentrations and is processed in a separate train
for reuse applications (PBS&J 1998).

2.5.4 Ocean Outfall

The Miami-Dade/North Outfall was constructed in 1975. It consists of a 90 inch reinforced
concrete pipe that extends 11,700 ft from the shoreline and discharges effluent through 12
ports at a depth of 108 ft. The permitted capacity of the outfall is 112.5 MGD annual average
daily flow (PBS&J 2003).
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2.5.5 Disposal Methods in Addition to Ocean Outfall

Four Class I injection wells were constructed at the Miami-Dade/North WWTP, but a testing
program must be completed before the wells are allowed to operate. The maximum flow
discharge to the wells is about 45 MGD (PBS&J 2003).

2.5.6 Future Plans

The Miami-Dade Water and Sewer Department developed alternatives for Miami-Dade
County to handle wastewater increases from population growth and wet-weather flows. The
alternatives included two Comprehensive Everglades Restoration Plan projects. In the first
project, the South District WWTP would be expanded from 112.5 MGD to 131.25 MGD and
would be converted to advanced wastewater treatment such as membrane treatment to meet
effluent discharge requirements for the coastal wetlands next to Biscayne Bay. In the second
project, a reclaimed water plant with a design capacity of 20 MGD would be constructed at
the Bird Drive Basin. The reclaimed water from this plant would be used for aquifer
recharge. Among the seven alternatives considered, the chosen alternative includes the use
of an abandoned ocean outfall at the Miami-Dade/North WWTP and construction of a new
120 inch ocean outfall at the Miami-Dade/Central WWTP to handle future demands (PBS&J
2003).

2.6 Miami-Dade/Central WWTP

An overview of the Miami-Dade/Central WWTP in Miami-Dade County and its associated
facilities is given in Table 2-37. Included are brief descriptions of the treatment and
alternative disposal methods, flows, reuse facilities, ocean outfall, and future plans. More
extensive information is given below.

2.6.1 Description of Wastewater Treatment Plant

The Miami-Dade/Central WWTP is located on Virginia Key at 3989 Rickenbacker
Causeway, Miami. The initial 47 MGD facility (Plant 1) started operation in 1956. The
treatment capacity was increased to 70 MGD in 1974 by adding two more aeration tanks.
Plant 2, a 55 MGD pure oxygen activated sludge plant, became operational in 1980. Plant 1
was down-rated to 60 MGD the same year. An upgrade of Plant 1 to pure oxygen activated
sludge was completed in 1999. Plant 2 was re-rated to 83 MGD. The complete facility has a
permitted capacity of 143 MGD annual average daily flow. Plants 1 and 2 are operated
independently of each other.

There is no influent screening at the site, as the wastewater is screened at Pumping Stations 1
and 2. Liquid treatment facilities include aerated grit chambers, pure oxygen trains,
secondary clarifiers and chlorination facilities. The design criteria of the aeration basins and
secondary clarifiers are shown in Table 2-38. Biosolids treatment facilities consist of gravity
sludge thickening, anaerobic digestion, centrifuge dewatering and disposal to landfills or land
application sites. After chlorination, the effluents from both plants are mixed in the effluent
pumping station. Most of the treated wastewater is disposed of through an ocean outfall. A
small portion of the wastewater is reclaimed for water reuse (PBS&J 2003). The site of the
Miami-Dade/Central WWTP is bordered by Miami Bay on the west, north and east. An
undeveloped area of Virginal Key lies to the south of the plant (Fig. 2-8).
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Table 2-37. Overview of Miami-Dade/Central WWTP, Ocean Outfall and Associated

Facilities
Treatment Method Pure oxygen activated sludge
and Disinfection level Basic level for ocean outfall disposal
al_ternate Other disposal options None
disposal
2003 Flows Reuse 8.9 MGD
Ocean outfall 104.6 MGD
Other disposal flow --
Total treated flow 113.5 MGD
Reuse Design capacity 8.5 MGD
facilities Current flow 8.9 MGD
Start up 1994 Public access reuse
Applications On-site
Notes All influent has high chloride concentrations
Ocean Latitude 25°44'31"N
outfall Longitude 80°05"10"W
Discharge depth 100 ft
Distance offshore 18,800 ft
Inside diameter 90 and 120 inches
Number of ports 5
Diameter of ports 48 inches
Port orientation Vertical

Future plans

WWTP

Construct a new 120 inch ocean outfall

Reuse facilities Could not identify

2.6.2 Historical and Projected Flows and Concentrations

The Miami-Dade/Central WWTP served an estimated 761,700 people within its service area
in 2005. The population for the Miami-Dade/Central WWTP service area is expected to
increase to 932,100 by the Year 2025. Population projections for the study period are
presented in Table 2-39. Methodology for population estimates for the Miami-Dade/Central
WWTP are similar to those discussed in Section 2.5.2.

The average daily wastewater flow rate is expected to increase to 151.3 MGD in the Year
2025. Projected wastewater flow rates for the study period are presented in Table 2-40.
Methodology for wastewater flow projections was similar to that discussed in Section 2.5.2.

The average influent BODsand TSS concentrations during 2001 were 148 and 194 mg/L,
respectively. The annual average BODs and TSS reductions were 95.8% and 97.4%, resulting
in respective average effluent BODsand TSS concentrations of 6.2 and 4.9 mg/L (PBS&J
2003). The average influent BODs and TSS concentrations from 1984 through 1997 were 117
and 104 mg/L, respectively. The annual average BODsand TSS reductions were 84% and
87%, resulting in respective average effluent BODsand TSS concentrations of 19 and 14
mg/L (PBS&J 1998).
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Table 2-38. Design Criteria for the Miami-Dade/Central WWTP

Treatment Facility Value Units

Aeration Basins

Plant 1
No. of tanks 6 | #
No. of aeration channels per tank 3 | #
Channel length 210 | ft.
Channel width 22 | ft.
Sidewater depth 13 | ft.
Volume per channel 0.45 | MG
Total aeration tank volume 8.1 | MG

Plant 2
No. of trains 4 | #
No. of aeration stages per train 6 | #
Stage length 78.33 | ft.
Stage width 39.17 | ft.
Sidewater depth 10.17 | ft.
Volume per stage 0.24 | MG
Total aeration train volume 58 | MG

Secondary Clarifiers

Plant 1
No. of tanks 6 | #
No. of clarifier channels per tank 3 | #
Channel length 275 | ft.
Channel width 18 | ft.
Sidewater depth 11 | ft.
Total surface area of clarifiers 89,250 | sf
Total volume of clarifiers 7.32 | MG

Plant 2
No. of tanks 10 | #
No. of clarifier channels per tank 3 | #
Channel length 275 | ft.
Channel width 18 | ft.
Sidewater depth 11 | ft.
Total surface area of clarifiers 148,750 | sf
Total volume of clarifiers 122 | MG
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Figure 2-8. Aerial photograph of the Miami-Dade/Central WWTP
(Google Earth 2005)
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Table 2-39. Population Projections for Miami-Dade/Central WWTP Service Area from
2005 to 2025. Based on data from PBS&J (2003)

Year 2005 2010 2015 2020 2025
Population 761,700 789,800 839,900 882,000 932,100

Table 2-40. Wastewater Flow Projections for Miami-Dade/Central WWTP Service Area
from 2005 to 2025. Based on data from PBS&J (2003)

Year 2005 2010 2015 2020 2025
Wastewater flow (MGD) 129.4 134.1 139.8 145.4 151.3
Per capita usage (gal/day) 170 170 166 165 162

An irrigation pilot study at the Miami-Dade/Central WWTP site was planned to evaluate
the feasibility of using reclaimed water with high chloride concentrations for golf course
irrigation. The landscape vegetation on Virginia Key and Key Biscayne was found to be
naturally tolerant to high chlorides, due to the barrier island conditions (PBS&J 1992).
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Influent wastewater at the Miami-Dade/Central WWTP contains high chloride levels due to
the infiltration/inflow of brackish groundwater into the collection system. The combined
effluent chloride concentration at the Miami-Dade/Central WWTP was 1,089 mg/L in 1994.
Reclaimed water from this source was found to be unsuitable for irrigation without
membrane treatment. On-site irrigation at the Miami-Dade/Central WWTP was considered
because the landscape vegetation is tolerant to high chloride concentrations and most of
this vegetation is turf grass, which tolerates chloride concentrations greater than 1,000
mg/L (PBS&J 1998).

Monitoring data reported to the Florida DEP from August 2003 through October 2004 were
examined. The average effluent concentrations for CBODs and TSS were 6 and 10 mg/L,
respectively, as shown in Table 2-41. These values are below the respective discharge limits
of 25 and 30 mg/L. The removals for CBODs and TSS were both 95%, which is higher than
the requirement of 85%. Average effluent total nitrogen and total Ehosphorus concentrations
were 16.8 and 1.6 mg/L, respectively. The annual average and 90" percentile effluent fecal
coliform values were not reported. The geometric mean and maximum concentrations were
1.3 and 19.6 per 100 mL, respectively, as shown in Table 2-42. These values are below the
corresponding limits of 200 and 800 per 100 mL. The average influent concentrations of
CBODs and TSS were 131 and 201 mg/L, respectively, for the same period, as shown in
Table 2-43. There were no violations of effluent quality requirements.

Table 2-41. Ocean Outfall Discharge Composition of the Miami-Dade/Central WWTP from
8/31/03 to 10/31/04". Data from Florida DEP Discharge Monitoring Reports

Parameter Average of monthly averages Maximum monthly average
TSS (mg/L) 10 16

CBODs (mg/L) 6 11

TSS removal (%) 95 -

CBODs removal (%) 95 -

Total N (mg-N/L) 16.8 22.5

Total P (mg-P/L) 1.6 3.4

! For all the data 1/31/04, 2/29/04 and 4/30/04 values were not reported

Table 2-42. Ocean Outfall Fecal Coliform Concentrations at the Miami-
Dade/Central WWTP from 8/31/03 to 10/31/04. Data from Florida
DEP Discharge Monitoring Reports

Value (# /100 mL)

Average of monthly averages

90" percentile

Geometric mean

13

Maximum

19.6

! For all the data 1/31/04, 2/29/04 and 4/30/04 values were not reported




Table 2-43. Average Influent Concentrations at the Miami-
Dade/Central WWTP from 8/31/03 to 10/31/04*. Data from
Florida DEP Discharge Monitoring Reports

Parameter Average of monthly averages
TSS (mg/L) 201
CBODs (mg/L) 131

! For all the data 1/31/04, 2/29/04 and 4/30/04 values were not reported

Note: The monthly averages for the TSS and CBODs on 3/31/04 were 248 mg/L
and 156 mg/L respectively, which gives the highest sum (404 mg/L) of
monthly averages for TSS and CBOD:s.

2.6.3 Reuse Facilities

The Miami-Dade/Central WWTP has on-site reuse systems for Plants 1 and 2. Each of the
reuse systems includes a chlorine contact tank, reclaimed water and chlorine injector pumps,
and strainers. The Plant 2 reuse system supplies reclaimed water to the sludge dewatering
building, as well as the Plant 2 processes. The plant influent contains high chloride
concentrations from infiltration/inflow of brackish groundwater and was found unsuitable for
off-site irrigation (PBS&J 1998). The reuse system capacity and flow in 2003 were 8.5 and
8.9 MGD, respectively (FL DEP 2004).

2.6.4 Ocean Outfall

The initial ocean outfall that was placed online in 1956 included a gravity pipeline that
extended 4,500 ft off-shore and discharged at a depth of 18 ft. Most of the onshore portion of
the outfall pipeline consisted of 108 inch diameter reinforced concrete pipe. The offshore
portion included a 90 inch diameter reinforced concrete pipe. In the 1970s, during expansion
of the Miami-Dade/Central WWTP, an additional 14,296 ft of 120 inch diameter reinforced
concrete pressure pipe was constructed to discharge effluent to a depth of 90 ft (Hazen and
Sawyer 1997a).

The effect of Tropical Storm Gordon and Hurricane Andrew on the ocean outfall pipeline was
evaluated and the pipeline was found to be hydraulically and structurally stressed (Rust
Environment and Infrastructure 1995). The ocean outfall was rehabilitated in 2000. Both
onshore and offshore portions of the original 108/90 inch portion of the outfall pipeline were
changed. Modification of the onshore portion involved installation of 1600 ft of 120 inch pipe
from the pumping station to the shoreline about 100 ft north of the existing 90 inch outfall pipe.
Modification of the offshore portion included the addition of 4,442 ft of 120 inch pipe
extending from shoreline to the existing 120 inch pipe (Hazen and Sawyer 1997a).

The current Miami-Dade/Central Outfall consists of parallel 120 and 90 inch pipes that
connect to a single 120 inch pipe offshore. The offshore pipe extends 18,800 ft from the
shoreline. The effluent is discharged through five 48 inch ports at a depth of about 100 ft.
The permitted capacity of the outfall is 143 MGD annual average daily flow. The gravity
flow is limited to 116 MGD by high tide conditions. An effluent pumping station is used to
pump effluent through the outfall when flows exceed the maximum that can be conveyed by
gravity (PBS&J 2003).
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2.6.5 Disposal Methods in Addition to Ocean Outfall
The Miami-Dade/Central WWTP has no disposal method other than its ocean outfall.

2.6.6 Future Plans
Future plans for the Miami-Dade/Central WWTP were discussed in Section 2.5.6.

2.7  Summary of Flows in the Six WWTPs and Three County Area

Data collected and recorded by the United State Geological Survey, presented in Table 2-44,
indicate that domestic wastewater discharged by municipal systems declined between the
Years 1995 and 2000 in Broward and Miami-Dade Counties and marginally increased in
Palm Beach County. These data suggest a substantial reduction in per capita usage, as much
as 26% for Broward County.

Table 2-44. Wastewater Flows for the Three County Area for the Years
1995 and 2000 (Marella 1999; Marella 2004)

1995 2000 Percent
Average Daily | Average Daily Difference
Flow (MGD) Flow (MGD)
(gal/capita/day) | (gal/capita/day)

ol Beach 107.7 108.1 03
(140) (114) (-18.5)

Bromard 191.2 190.3 05
(175) (129) (-26.4)

- 323.9 3111 4.0
Miami-Dade (206) (170) (-17.3)

Despite the observed reduction in per capita usage, wastewater production is expected to
increase over the next twenty years due to population increases, as shown in Table 2-45.
Figure 2-9 depicts the projected increase in wastewater production over the study period.

Table 2-45. Summary of Six WWTP Projected Flows in MGD, 2005-2025

Year 2005 2010 2015 2020 2025
Boynton-Delray 19.4 21.3 23.2 25.2 27.1
Boca Raton 15.6 17.1 18.7 20.2 21.8
Broward/North 84.2 88.6 90.8 92.2 941
Hollywood 40.0 43.5 47.2 50.9 54.5
Miami-Dade/North 107.9 111.9 116.6 121.3 126.3
Miami-Dade/Central 129.4 134.1 139.8 1454 151.3

Additional data reported by the USGS show that in 1995, the service areas of the Boynton-
Delray and the Boca Raton WWTPs comprised 31% of the population and 28% of the total
wastewater flow in Palm Beach County, as shown in Table 2-46. The service areas of the
Broward/North and Hollywood WWTPs in Broward County accounted for 53% of both
population and wastewater flow in the county during the same year, as shown in Table 2-47.
The service areas of the Miami-Dade/North and Miami-Dade/Central WWTPs in Miami-
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Dade County comprised 77% of the population and 71% of the total wastewater flow (Table

2-48).
160
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Figure 2-9. Projected Wastewater Flows for the six WWTPs with ocean
outfalls from 2005-2025
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Table 2-46. Palm Beach County Wastewater Flows in MGD by Service Area for the Year

1995 (Marella 1999)

Population | Permitted Injection
Served Capacity Total Ground Well Surface

Acme 17,000 4.8 2.4 0 2.4 0
Belle Glade 12,000 3 3.0 0 3.0 0
Boca Raton 65,000 20 13.7 0 0 13.7
Delray Beach 175,000 24 16.6 0 0 16.6
Loxahatchee 40,000 8 4.3 2.5 1.9 0
Pahokee 7,000 1.2 1.1 0 11 0
Palm Beach County
Utilities Century NA 1 0.4 0 0.4 0
Palm Beach County
Utilities North NA 4.5 15 0 15 0
Palm Beach County
Utilities Southern 115,000 40 14.1 1.2 12.9 0
Royal Palm Beach 16,015 2.2 1.6 0 1.6 0
Utilities
Seacoast Utilities 48,000 8 8.0 0 8.0 0
South Bay 4,000 1.4 0.8 0 0.8 0
U.S. Sugar Ritta 820 0.1 0.1 0.1 0 0
Village
U.S. Sugar Bryant 1,300 0.1 0.1 0.1 0 0
West Palm Beach 267,000 40 40.1 0 40.1 0
United Technologies NA 0.2 0.1 0 0.1 0
Total 768,135 158.5 107.8 3.8 73.8 30.2
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Table 2-47. Broward County Wastewater Flows in MGD by Service Area for the Year 1995

(Marella 1999)

PoSpe url\fgéon Iée;g:éitte; Total Ground In{/e\,\/(;tlllon Surface
Szﬁ:’;’laegd County 400,000 80 66.5 0 23 435
Cooper City 12,600 13 1.3 0 0 1.3
Coral Springs 20,000 1.3 1.3 0 0 1.3
Davie 5,020 3 2.2 0 0 2.2
Ferncrest Utilities 5,500 0.6 0.3 0 0 0.3
Fort Lauderdale 224,420 43 40.7 0 40.7 0
Hollywood 180,000 42 33.2 0 0 33.2
Margate 47,279 8 8.1 0 8.1 0
Pembroke Pines 12,000 3.5 3.6 0 3.6 0
Plantation 75,184 15 12.8 0 12.8 0
Pompano Beach NA 25 15 15 0 0
South Broward Utilities 5,267 0.5 0.5 0.5 0 0
Sunrise STP 1 40,000 75 7.1 0 7.1 0
Sunrise STP 2 14,480 3 15 0 1.5 0
Sunrise STP 3 50,000 8.5 7.4 0 7.4 0
Total 1,091,750 220.0 187.8 2.0 104.1 81.7

Table 2-48. Miami-Dade County Wastewater Flows in MGD by Service Area for the Year
1995 (Marella 1999)

Population | Permitted Injection
Served Capacity Total Ground Well Surface

American Village 1,000 0.2 0.6 0.6 0 0
Homestead 22,500 2 2.4 2.4 0 0
Miami-Dade/Central 400,000 90 135.8 0 0 135.8
Miami-Dade North 800,000 121 95.2 0 0 95.2
Miami-Dade South 350,000 75 90.5 0 90.5 0
TOTAL 1,573,500 288 324 3 90 231
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3. Water Supply Facilities in the Three Counties

South Florida is experiencing rapid population growth and attendant increases in water
demands. The freshwater consumption rate in this region is expected to increase to 4.9
billion gallons per day by 2020, a 26% increase from 1995 (FL DEP 2002). The Everglades
Comprehensive Everglades Restoration Plan (CERP) includes expansion of water supplies to
restore the environment and partially meet the needs of a growing population. CERP plans to
build 18 reservoirs among many innovative alternative water supplies. However, as the
Florida Council of 100 (2003) notes, considerable uncertainty exists in the time-phasing and
funding of these projects. Florida’s water management districts are authorized to restrict
water use due to water shortage conditions (Fumero 2003), thus shortfalls in water supply
due to drought or delayed water infrastructure projects could lead to restriction or denial of
consumptive use permits. Increased use of reclaimed water will directly reduce the
increasing need for freshwater.

Summary information on sources of potable quality water, which are generally from the
surficial aquifers in Southeast Florida, are noted in this chapter and past demands and
population trends are utilized to develop future potable water demand projections.
Information about water treatment plants (WTPs), including present capacities and plans for
expansion, is also given in the present chapter.

Due to differences between potable water service areas and wastewater service areas, all of
the water treatment facilities within the counties are listed. The potable water service areas
that most closely cover the wastewater service areas are highlighted and summarized to
develop a correspondence between water demand and wastewater production within a
particular wastewater service area. It should be noted that there may be discrepancies
between the actual water demand of the population within the six wastewater treatment plant
(WWTP) service areas due to this lack of a clearly defined overlap between the utility service
areas.

Future potable water demands are compared with design capacities to assess the potential
future potable water demand that could be supplanted by reuse of reclaimed water for
domestic landscape irrigation. Chapter 5 incorporates information from this chapter in the
discussion of utilizing reclaimed water.

3.1  Palm Beach County

3.1.1 Water Sources and Water Demands

The population of the Palm Beach County wastewater service areas, that is, the areas served
by the Boynton-Delray and Boca Raton WWTPs, relies primarily on groundwater to meet its
potable water demand. In some parts of the County, the surficial aquifer is unnamed, while
in other parts of the County, the surficial aquifer is the Biscayne Aquifer. These unconfined
sources provide most of the raw water that is treated and distributed for the potable water
service area.



Utilities in the potable water service areas have implemented water management methods to
enhance their potable water supply. During times of drought, treated raw water is blended
with finished water at the Boynton Beach West WTP to increase water supplies (Boynton
Beach 2005a). Additionally, an aquifer storage and recovery well has been installed to store
treated water for subsequent recovery when needed. Aquifer storage and recovery helps to
reduce over-utilization of the shallow aquifer.

As shown in Table 3-1, the 297,000 residents within the potable water service area utilized
52.34 MGD in 1995. In 2000, the population had increased to 315,000 and the usage
increased to 56.64 MGD The corresponding per capita usage was 176 gal/capita/day and 180
gal/capita/day, respectively (Brown and Caldwell 1995; Hazen and Sawyer 1997; Marella
1999; Marella 2004). In the year 2000, the Boynton-Delray wastewater service area had a
per capita usage rate of 164 gal/capita/day, compared to 203 gal/capita/day in the Boca Raton
wastewater service area, reflecting a higher per capita demand in the more affluent Boca
Raton community.

Table 3-1. Historic Potable Water Demand for Wastewater Service
Areas within the Palm Beach County Study Area. Based on data
from Brown and Caldwell (1995), Hazen and Sawyer (1997),
Marella (1999) and Marella (2004)

Year 1995 2000
Water usage (MGD) 52.3 56.6
Per capita usage (gal/capita/day) 176 180

As noted in Section 2.1, the population for the Palm Beach County area is expected to
increase at a rate consistent with the high population influx typical for the region (GEC
2003). Table 3-2 indicates the projected potable water demand for the residents of the study
area for the period from 2005 to 2025, utilizing the 2000 per capita usage of 180
gal/capita/day throughout the study period and the population projection estimated from the
United States Army Corps of Engineers (GEC 2003). The potable water demand for the
Palm Beach County study area is expected to increase from 62.5 MGD in 2005 to 87.4 MGD
in 2025.

Table 3-2. Potable Water Demand Projections for Wastewater Service Areas within the
Palm Beach County Study Area from 2005-2025. Based on data from Brown and
Caldwell (1995), Hazen and Sawyer (1997), Marella (Marella 1999), Marella (2004), and
GEC (2003)

Year 2005 2010 2015 2020 2025
Water demand (MGD) 62.5 68.7 74.9 81.2 87.4

3.1.2 Water Treatment Facilities and Future Plans

There are four WTPs in the service area within Palm Beach County. The Delray Beach,
Boynton Beach East, and Boynton Beach West water treatment facilities are located within
the wastewater service area of the Boynton-Delray WWTP, and the Boca Raton Glades Road
WTP lies within the service area of the Boca Raton WWTP. Table 3-3 shows eight WTPs
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located within Palm Beach County; the WTPs that provide potable water to the population of
the wastewater service areas that have WWTPs that discharge to ocean outfalls are shown in

bold.

Table 3-3. Palm Beach County Water Treatment Plants (SFRPC 2005). WTPs listed
in boldface type have service areas in common with the South Central Regional
and Glades Road WWTPs.

Design

Plant Name PIaCt Aild ress/ Capacity Treatment Sou r;:e of Ref.
ocation (MGD) process water
nd
Delray Beach 2?/%3'[\)/\;'”2@ 26.0 Lime Surficial Delray Beach
WTP B ! ' softening aquifer (2005b; 2005a)
eaCh ....................................................................
Boynton 1620 S. . .
Beach East Seacrest Blvd., 19.0 le_e Surf!mal Boynton Beach
Boynton ' softening aquifer (2005b; 2005a)
WTP
BeaCh ....................................................................
5469 W.
Boynton Boynton Membrane Surficial ~ Boynton Beach
Beach West Beach Blvd,, 9.0 filtration aquifer (2005b; 2005a)
WTP Boynton '
BeaCh ..........................................