
F or the past seven years, the Florida
Water Environment Association
(FWEA) has sponsored a design com-

petition among Florida universities with
environmental programs. This year’s prob-
lem involved the Wakodahatchee Wetlands, a
constructed wetland designed by CH2M Hill
to treat a portion of the Southern Region
Water Reclamation Facility’s (SRWRF) sec-
ondary wastewater effluent.

Completed in 1996, the wetland replaced
a rapid infiltration basin. This modification
introduced several benefits, including surfi-
cial aquifer recharge, wildlife habitation, sus-
tained biological diversity, recreational areas,
and environmental education (Wakoda-
hatchee Wetlands, 2002). The natural mecha-
nisms within the Wakodahatchee Wetlands
reduce nutrient levels in the effluent, provid-
ing advanced biological treatment.

A goal of the Palm Beach County Water
Utilities Department (PBCWUD) is to dis-
charge the wetland effluent into the nearby
Lake Worth Drainage District’s L-30 Canal.
Currently, there is no permit for surface-
water discharge, so the wetlands effluent is
deep-well injected (FDEP Permit No.
FLA041424-001-DWIP, July 30 1998). The
purpose of the design team's project was to
investigate cost-effective alternative tech-
nologies to provide additional treatment uti-
lizing wetlands that could achieve effluent
quality levels that would meet FDEP’s stan-
dards for disposal to the L-30 Canal.

The Wakodahatchee Wetlands is located
approximately one mile east of the SRWRF in
Palm Beach County (PBCWUD, 1999). The
wetland was constructed on a 56-acre site
with 39 acres comprising the wetted wetland
surface area. It is designed to handle up to
three MGD of activated-sludge effluent that
has been chlorinated but not filtered
(PBCWUD, 1999).

The Wetlands
The wetlands consist of eight cells, sepa-

rated by earthen berms. Wastewater influent
flows into six of the eight cells. Water levels in
the cells can be individually controlled, max-
imizing operational flexibility and facilitating
maintenance. The cells range from 2.3 to 10.9
acres in size, with an average cell length-to-
width ratio of 3:1. At normal operational

conditions, the water depth is 0.5 to 1.5 feet.
The depth can reach up to two feet during
periods of heavy precipitation.

Twenty-eight deep zones, up to five feet
in depth and variable in width, are located
throughout the cells. They are oriented trans-
versely to the direction of flow to prevent
channeling. The function of the deep zones is
to retain suspended solids and provide a
habitat for fish and birds (Bays et al., 2000).

Secondary effluent from the SRWRF is
distributed to cells AG, B, C, D, E, and F by a
splitter box (Figure 1). Flow enters cell H
from cell AG. The outflows from cells B, C, D,
E, and F are collected by a channel that flows
into cell I, while outflow from cell H goes
directly to cell I. Currently the wetland efflu-
ent from cell I is disposed of through a deep-
well injection system located at the site.

Wetland marshes comprise about 70
percent of the total wetland area. Vegetative
species native to South Florida were used
extensively in the wetland design. The emer-
gent zones of the wetland were planted with
bulrush, duck-potato, arrowhead, spike rush,
fire flag, and pickerelweeds. The upper edge
of the marsh zone was planted with herba-
ceous species that include saw grass, faka-
hatchee grass, and gulf
muhly grass.

Planted along the
marsh edge are several
forested species,
including cypress,
pond apple, carolina
willow, red maple, and
buttonbush. The
upland berms that sep-
arate the various cells
were planted with
dahoon holly, sable
palm, saw palmetto,
cocoplum, live oak,
mahogany, and slash
pine. Melaleuca and
brazillian pepper were
pre-existent at the site,
but were removed
prior to construction
because they are con-
sidered exotic species
in the state of Florida
(Bays et al., 2000).

Influent and effluent rates for the wet-
lands averaged 1.4 MGD and 0.85 MGD,
respectively, between November 1996 and
August 1998. A hydrologic balance indicated
that 0.45 MGD of the wastewater influent
percolated through the sediments of the wet-
land and into the groundwater, while 0.1
MGD was lost through evapotranspiration
(Bays et al., 2000).

One of the main objectives in the con-
struction of the wetland was to educate the
public about the benefits of wetlands as an
ecological resource. A three-quarter-mile
boardwalk was constructed throughout cells
B, C, and AG with signs describing the vege-
tation and wildlife. Over 100 different bird
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Figure 1: Flow Scheme for Wakodahatchee Wetlands*
Figure courtesy of CH2M Hill(2000)



species have been identified in the wetland,
including 13 species that are considered by
state and federal agencies as commercially
exploited, threatened, or endangered. Several
different types of native mammalian, reptil-
ian, and amphibious species have created
habitats in the wetland (Bays et al., 2000).

The L-30 Canal
Classified as an impaired water body, the

L-30 Canal is one of many canals in the Lake
Worth Drainage District (LWDD). Created
by a special act of the Florida Legislature, the
LWDD is a water management district oper-
ating under the authority of Chapter 298 of
the Florida Statutes. The district operates and
maintains a series of “L” canals in Palm Beach
County to provide drainage and flood pro-
tection, control saltwater intrusion, and sup-
ply water for agriculture. Water flow in the
canals is minimal, except during large rain
events, when water can enter Lake Ida and
Lake Osborne.

Certain restrictions are placed on the L-
30 Canal as an impaired water body, a desig-
nation given to any water body in the United
States that does not attain water-quality stan-
dards, as defined in 40 CFR Part 131 of the
Clean Water Act, due to an individual pollu-
tant, multiple pollutants, pollution, or an
unknown cause of impairment.

A critical restriction applied to the L-30
Canal is the Total Maximum Daily Load
(TMDL), which is used to control the quan-
tity of a substance that is allowed to be dis-
charged into a water body. TMDLs are part of
written plans and analyses established to
ensure that a given water body will attain and
maintain water-quality standards, including
consideration of reasonably foreseeable
increases in pollutant loads. In order to deter-
mine a TMDL, background readings of sever-
al parameters, such as total nitrogen, total
phosphorus, pH, temperature, BOD5, dis-
solved oxygen, and turbidity, must be taken
to establish the current condition of the
water body.

Permitting
The SRWRF permit allows for discharge

of up to 3.0 MGD (annual average daily flow)
by rapid infiltration basins (FDEP Permit,
1998). The permit further stipulates that the
infiltration basins, which originally consisted
of three percolation ponds, have been con-
verted to a constructed wetland (the
Wakodahatchee). The Wakodahatchee
Wetlands are allowed to receive secondary
treated effluent from the SRWRF.

Palm Beach County has established that
the quality of the SRWRF effluent (wetland
influent) must be maintained at minimum

technology-based effluent limitations
(TBEL) to preserve the ecological balance of
the wetland. Furthermore, effluent discharge
into the L-30 Canal can not be initiated until
a full analysis of the treated and receiving
waters is completed and appropriate permits
are granted (Bays, 2001).

Pretreatment
In order to comply with current stan-

dards for discharge into the L-30 Canal, the
nutrient levels present in the wetland effluent
must be less than the average nutrient back-
ground concentration in the L-30. The current
concentration levels in the Wakodahatchee
Wetlands are shown in Figure 2.

The current background concentrations
for total nitrogen and total phosphorus in the
L-30 Canal are 1.9 mg/L and 0.24 mg/L,
respectively (CH2M Hill, 2000). Since nitro-
gen removal can be easily implemented
through aeration and hydraulic retention
times, we will focus on removal of total phos-
phorus as our limiting factor.

It was determined through calculations
that to achieve the goal of the design team, 55
percent of the phosphorous in the influent to
the wetland must be removed before it reach-
es the wetland. One approach to reducing
phosphorous is alum dosing. There were con-
cerns about introducing chemicals directly
into the wetland; therefore, the alum dosing
will take place within the treatment plant.
This will be a costly endeavor, but if wetlands
are to be utilized in wastewater treatment
with the goal of discharging to surface waters,
chemical pretreatment or large amounts of
land will be necessary. This option would
designate one process train of the SRWRF for
alum dosing. The capacity of the SRWRF will
not be affected, but the system will be expen-
sive to implement. The cost of liquid alum
has been priced as $149 per ton (Longview,
2001). The annual chemical cost for alum
dosing to treat 7.5 MGD has been calculated
at $64,000.

Nutrient Removal Mechanism
In natural wetland systems, nutrients are

removed biologically through plant uptake.
The two basic types of vegetation used in
constructed wetlands are emergent and sub-
merged. Emergent vegetation can effectively
remove nutrients from the water column and

is more aesthetically pleasing, but surficial
overgrowth can be problematic. In the pres-
ence of abundant nutrients, emergent plants
can rapidly spread across the surface of the
water, blocking sunlight to both plant and
animal species within the water column. This
sunlight deprivation can stunt photosynthet-
ic activity, eventually leading to anoxic (oxy-
gen deprived) conditions in the water.

Currently the dominant vegetation pres-
ent in the Wakodahatchee Wetlands is emer-
gent. The potential of nutrient removal in a
wetland is determined by a first-order uptake
rate (k, see calculations on page 31) (Kadlec
and Knight, 1996). The reported nutrient
removal rate for emergent vegetation in the
Wakodahatchee Wetlands is currently 4 m/yr
(CH2M Hill, 2000).

Submerged aquatic vegetation (SAV)
efficiently removes nutrients due to its verti-
cal position in the water column. The incor-
poration of limerock (LR) berms within SAV
can optimize phosphorus removal by adding
another dynamic to the system: precipitation
and settling.

There are two important mechanisms
for nutrient removal that are achieved by the
SAV/LR system. First, plants uptake nutrients
and store them in their tissues. The second
and most important mechanism that drives
the SAV/LR consists of chemical changes due
to the photosynthetic activity of the SAV.
Through the removal of CO2 during photo-
synthetic activity, the SAV has the capacity to
increase pH and dissolved oxygen in the
water column. According to previous studies,
this increase can result in a pH range from 8-
10. Within this range, the phosphorous pres-
ent in the system can react with the calcium
in the limerock to form a marl-like precipi-
tate that will accumulate within the sedi-
ments. These mechanisms allow SAV/LR sys-
tems to achieve k values in the range of 30 to
40 m/day (South, 2001).

Proposed 
Wakodahatchee Changes

As shown in Figure 3, the proposed
design calls for the influent of the
Wakodahatchee to enter cells B, C, and AG,
which will continue to be operated in paral-
lel. The effluent of cells B, C, and AG will be
collected and will become the influent of the
SAV/LR system, which will occupy cells D, E,
F, H, and I, and will also continue to operate
in parallel. The effluents will be collected and
discharged into the L-30 Canal.

As illustrated in Figure 4, limerock
berms will be positioned at the input to each
cell and at the end of each shallow region,
allowing for the separation of deep and shal-
low components.
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Average Flow 

(Mgal/d) 
Average TP 

concentration 

(mg/L) 

Average TN 

concentration 

(mg/L) 

In Out In Out In Out 

      

1.20 0.85 2.12 1.46 28.03 8.43 

Figure 2: Nutrient concentrations present in
the Wakodahatchee Wetlands. 



Wetlands Modeling 
and Design Calculations

The first step in modeling a wetland is
the preliminary sizing. The goal of prelimi-
nary sizing is to obtain a rough idea of the
size of wetland required, or to determine
whether the targeted water-quality goals can
be met. The wetland size may be limited by
such factors as geography, a lack of suitable
construction sites, or regulatory limitations
such as natural upland or wetland areas that
cannot be altered.

Each targeted water-quality goal gives
rise to a specific wetland area necessary for
the reduction of that pollutant to the target
level. The required wetland area will be the
largest of the individual required areas.
Calculations based on the k-C* models have
been organized by the water-quality parame-
ters (Table 1). The general form of this model
is (Kadlec and Knight, 1996):

(1)

Where: Ce = outlet target concentration, mg/L
Ci = inlet concentration, mg/L
C*=background concentration, mg/L
k=first-order aerial rate constant, m/
q=hydraulic loading rate, m/yr

Rearrangement and a unit conversion give
the area required for a particular pollutant:

(2)

Where A = required wetland area, ha
Q = water flow rate, m3/d

The first-order aerial rate constant, k, can
also be solved for by rearranging (2):

(3)

Finally, the concentration of all pollutants is
computed from the model using the largest
area found from (2):

(4)

Where Ce is the outlet concentration in mg/l.

Table 1 illustrates these calculations for
influent data obtained for the
Wakodahatchee Wetlands and target effluent
concentrations corresponding to the back-
ground values of Canal L-30. In this calcula-
tion the aerial rate constants, k, for each
water-quality parameter were obtained from
CH2M Hill data (Bays et al., 2000).

Benefits and Disadvantages 
of SAV/LR System

Among the many benefits associated
with the SAV/LR System, the biggest would
be the preservation of the wildlife habitat
established in the Wakodahatchee Wetlands.
No additional land would be needed to
implement this design, maintaining a low
cost. A possible 10-fold increase in phospho-
rus removal is another added benefit. Finally,
this design would allow about 1-2 MGD to be

treated through the wetlands and discharged
into the canal (DBEL, 1999).

A possible disadvantage of the SAV/LR
design is the potential for short-circuiting
within the cells, which can impair treatment
performance. Another disadvantage is that
aquatic invasive species, such as Typha sp.,
can invade the SAV region, reducing the
available dissolved oxygen and not allowing
efficient phosphorus uptake by the SAV.

Figure 4: Schematic of SAV/LR Pilot Cells

Figure 3: Revised Wetland Flow Scheme
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Conclusion
The SRWRF sends an average 1.4 MGD

through the Wakodahatchee Wetlands for
biological nutrient removal. The goal of the
project was to increase nutrient removal effi-
ciency within the wetland to help the SRWRF
obtain a permit for surface-water discharge
into the L-30 canal located directly north of
the constructed wetland.

The limiting parameter for this design
was total phosphorus. Modeling was done
using the k-C* method developed by Kadlec
and Knight and recent new technologies
being used in the Everglades Restoration
Project.

This design incorporates chemical pre-
treatment with alum, emergent wetlands,
submerged aquatic vegetation, and lime rock
berms to efficiently remove approximately 90
percent of phosphorus within the system.
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Table 2:  SAV/LR Cost Estimate 

Unit Prices Total 

Item 
  

Quantity 
  

Unit Labor Material Equipment Total 
Year of 
Source 

Adjusted Total 
(3% inflation rate) Estimated Cost 

 

CAPITAL COSTS $503,248.76 

  

 01 Pretreatment - Alum Addition to SRWRF         $53,756.66 

 Alum feed system 1 each      $40,000.00 1992 $53,756.66 $53,756.66

 02 Limerock Berms         $131,022.11 

 South Florida Limerock 4,119 cuyd  20  $20.00 2002  $82,374.00 

 Limerock freight cost 9,190 ton        4.54 $4.54 1999 $4.96 $45,592.85

 Limerock berm construction 1,398 yd 2   $2.00 1999 $2.19 $3,055.26 

 03 Submerged Aquatic Vegetation 17        acre $5,108.00 1999 $5,581.65 $94,888.04 

 04 Pump Station         $23,295.64 

 PVC pipe, class 160, sdr 26, 8" diameter          100 lnft 5.21 7.75 0 $12.96 2002 $1,295.64

 Pump Station Wetwell 1 each 4000 6000 1000 $11,000.00 2002  $11,000.00 

 Drainage Pump  2 each 184.06 3815.94 0 $4,000.00 2002  $8,000.00 

 Power service for pump station  
  (w/ close pole connection) 1 each 605.49 2394.51 0 $3,000.00 2002  $3,000.00 

 05 Flow Splitter         $31,867.06 

 Flow Splitter Concrete Structure 1 each 10000 15000 2000 $27,000.00 2002  $27,000.00 

 Hydraulic structures, slide gate, self contained, 
 ab & grout,12" x 12" 4 each 385.53 1925 123 $2,433.53 2002  $4,867.06 

 Construction General Conditions 10       % $33,482.95 

 06 Construction Contingency 
 (20 % of Capital Construction Costs)         2002 $73,662.49 
 07 Project Management & Permitting 
 (15% of Capital Construction Costs & 
 Contingency)             2002   $61,273.80
 

ANNUAL OPERATION & MAINTENANCE COSTS $75,316.36
  

01 Alum Pretreatment         $66,917.51 

Liquid Alum 427 ton  149  $149.00 2002  $63,652.80 

Alum Feed System 1 each      $2,020.00 1992 $2,714.71 $2,714.71

Power for Feed System  ($0.08 per kWh)      $550.00 2002  $550.00 

03 SAV 17        acre $57.00 1999 $62.29 $1,058.85 

04 Pump Station         $7,340.00 

Annual Maintenance      $3,840.00 2002  $3,840.00 

Power for Drainage pump  ($0.08 per kWh)      $3,500.00 2002  $3,500.00 
  

Grand Total (for 1 year of service) $578,565.12 
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Table 1: Summary of Design Calculations

*Based on Al3+/P dose vs. P residual relationship from Henze et al. (1995)
**Based on Kadlec/Knight model (Kadlec and Knight, 1996)

Table 2: Cost estimates for implementing the SAV/LR system.  



• Tony Edwards, Florida Department of
Environmental Protection

• Dr. Michael Kane, University of Florida
• Dr. Paul Chadik, University of Florida
• Dr. David Mazyck, University of Florida
• Mike Witwer, University of Florida
• University of Florida Department of Environ-

mental Engineering
• University of Florida FWEA Student Chapter
• Water Environment Federation
• Palm Beach County Water Utilities Department

References
• Annable, Michael. Agricultural Run-off. Personal

Interview. University of Florida. Gainesville, Florida.
February 2002.

• Aquatic Nuisance Species Report. New Jersey. An
Update on Sea Grant Research and Outreach
Projects 2000. Sea Grant. www.seagrant.com

• Bays, Jim; Dernlan, Gary; Hajimiry, Hassan; Vaith,
Kart; Keller, Chris. Treatment Wetlands for Multiple
Functions: Wakodahatchee Wetlands, Palm Beach
County, Florida. Copyright © Water and
Environment Federation (WEFTEC 2000).

• Bays, Jim; Keller,Chris. Canal L-30. Power Point
Presentation. CH2M Hill. Received March 11, 2002.

• Bays, Jim. Personal Interview. CH2M Hill. Tampa, Fl.
Telephone Interview. March 2002.

• Bays, Jim. Personal Interview. CH2M Hill. Tampa, Fl.
Electronic Interview. February and March 2002.

• Bitton, G. Wastewater Microbiology. John Wailey
and Sons, New York. 1999

• Contract Documents for the Constructions of
Southern Region Pipeline Corridor and System 3
Wetlands for Palm Beach County Water Utilities
Department. Palm Beach County Project # 95-406/95-
107. CH2M Hill # 10374.M1/M3. August 1995.

• DBEL. 1999. A Demonstration of Submerged
Aquatic Vegetation/ Limerock Treatment System
Technology for Removal Phosphorus from
Everglades Agricultural Area Water: Final Report.
Report Prepared for SFWMD and FDEP, Contract
No, C-E10660.

• Delfino, J. Effects of Nutrients on Water Quality.
Lecture on Water-Quality Analysis. University of
Florida. January 2002.

• Department of Environmental Protection. State of
Florida Domestic Wastewater Facility Permit. # FLA
041424-001-DWIP. Palm Beach County Water
Utilities Department. Department of Environmental
Protection-Southeast District.

• Dernlan, Hadjimiry; Bays, Jim; Vaith, Kart,
Steinbracker, Paul. FDEP Limits for Green Cay
Wetlands Project. Power Point Presentation. Palm
Beach County Water Utilities Department and
CH2M Hill. Received March 11, 2002.

• Engineering News Record. Construction Cost Index
History (1908-2001). enr.com. www.enr.com/cost/
costcci.asp.(3/17/2002).

• Experiment 2-How Dense Is It? Material Science
Engineering, University of Illinois. www.matse1.uiuc
.edu/~tw/concrete/g.html. (3/17/2002)

• Gosseling, G. James; Mitsch, J. William. Wetlands.
Third Edition. pg. 687-723. John Wiley & Sons, Inc.
Columbus, Ohio. June 2000.

• Henze, M. Harremoes; Jansen, J; Arvin, A.
Wastewater Treatment: Biological and Chemical
Processes. Springer-Verlag, Berlin.

• Jensen, Kyle. Periphyton Filtration: An Economically
and Environmentally Sustainable Phosphorus
Removal Engine. Science Applications Incorporated.
http://www. ces.fau.edu/library/flms/25.html.

• Kadlec, Robert H.; Knight, Robert L. Treatment
Wetlands. Lewis Publishers, New York. 1996.

• Kathiresan, RM. Allelopathic Potential of Native
Plants Against Water Hyacinth. www.elsevier
.com/lacate/cropro

• Keller, Chris. Personal Interview. CH2M Hill.
Telephone Interview. February 2002.

• Kim, Youngchul; Kim,Wan-Joong. Roles of Water
Hyacinths and Their Roots for Reducing Algal
Concentration in the Effluent from Waste
Stabilization Ponds. October 1, 1999. www.elsevier
.com/locate/watres

• Koopman, Ben. Lecture on Water Quality
Parameters. University of Florida. March 2002.

• LongView City Council Agenda. November 2001.
http//ci.longview.wa.us/agendas/111501agenda.pdf

• McIvor, Anna. Freshwater Mussels as Biofilters.
Aquatic Ecology Group. www.zoo.cam.ac.uk/zoost-
aff/aldridge/biofilters.html

• United States Geological Survey. Non-Indigenous
Species Information Bulletin: Asian Clam. United
States Geological Survey. www.fcsc.usgs.gov. 05/24/01.

• O’Brien, J.W.; McKinney, D.R; Turvey, D.M; Martin,
M.D. Two Methods for Algae Removal from Oxidation
Pond Effluents. Water and Sewage Works. March 1973.

• Olson, H. Karen. Constructed Wetlands for
Wastewater Treatment. The Water’s Edge.
www.geo.umass.edu/gradstud/kholson/academics/c
onst_wetlands.pdf February 16, 2002.

• Reddy, K.R.; Tucker, J.C.; DeBusk, W.F. The Roles of
Egeria in Removing Nitrogen Phosphorus from
Nutrient Enriched Waters. J. Aquatic Plant
Management. 25:14-19

• Reitberger, J.H.; Mokry L.E.; Knight, R.L. Achieving
Multiple Benefits From A Constructed Wetlands.

• Palm Beach County Water Utilities Department.
Wakodahatchee Wetlands 1999 Biological
Monitoring Report. Prepared for: Palm Beach
County Water Utilities Department. Prepared By:
Palm Beach County Department of Environmental
Resources Management.

• Sawyers, Clair N.; McCarty, Perry L.; Parkin, Gene F.
Chemistry for Environmental Engineering.
McGraw-Hill Inc., New York. 1994

• Soup and Detergent Association. Principles and
Practice of Nutrient Removal from Municipal
Wastewater. New York. 1988.

• South Florida Water Management District, 2001.
Everglades Consolidated Report. South Florida
Water Management District.

• Swanson, R. Gregory; Williamson, J. Kenneth.
Upgrading Lagoon Effluents with Rock Filters.
Journal of The Environmental Engineering
Division. December 1980. 15887:EE6

• “The Wakodahatchee Wetlands” Available [Online]:
http://www.co.palm-beach.fl.us/erm/divisions/
stewardship/freshwater/wak_brochure.pdf. January
2002.

FLORIDA WATER RESOURCES JOURNAL • MARCH 2003 • 33


