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l. Executive Summary

The Chain of Lakess located orthe western slope of the Atlantic Coastal Ridge in Palm Beach
County and run north and south for approximately 30 milé® northern mogtortionstarts at
Belvedere Road in West Palm Beach to Lake Ida Road in southern Boynton Beach and has been
dividedinto four water body segments for this water quality monitoring projEoe water bodies

are: Pine Lake, Lake Clarke, Lake Osborne, and Lakes Eden and Ida contisiesdwater
bodieswere once natural freshwater slough systems but to accommodatepdeset the lakes

and adjacent wetlands marshes were dredged and filled extensively for flood control. Currently
the lakes are also used for boating, fishing, and other recreational actiwtme. they are lake
systems, the hydrology is atypical ofe&ké/watershed regime, due to the interconnection with the
Central and Southern Flood Control Project and the Lake Worth Drainage District (LWDD).
Water levels in the lakes are controlled artificially by the series of canals and water control
structures matained by the South Florida Water Management District (SFWMD) and the LWDD.
The lakes are part of three interconnediasins as defined by the SFWMD:=-5T East, €16, and
C-15 (SFWMD Technical Memorandum, June 1988). THelCanal and the LWDD-E Canal
typically have the greatest influence on the
Water quality is impacted by the drainage of approximately 1,000 miles of canals that wash
nutrients and other pollutants into the lakes and ultimatetlye ocean via the SFWMD control
structures. The goal of lake management is to provide for the preservation, maintenance, and
restoration of the chaiaf-lakes system. The water quality monitoring program was designed to
provide information to the manexs to achieve the lakes management gddisnitoring began in
January 2006 and continues toddhirteen monitoring stations are sampledrmnthly for a

wide variety of parameters, including fielteasuremenisSee Map 1 for stations and pagytor
parameters.Thisreport provides the assessment of water quality data from January 2006 to
December 2008.

Nutrients as nitrogen and phosphorus can be the most common pollutants to cause water quality
degradation.Lake scientists have developed a scatef@luating the extent of reduced water

guality or degradation called the Trophic State Index (THhe Florida Department of

Environmental Protectio-DEP) has established by Rule the TSI value that represents extreme
degradati on o r uality Fopthel Chadod liakesvletvaue is g TSI of 60 or higher.
The calculated yearly TSI for the COL can not only give us a snapshot in time evaluation of water
guality but allow managers to use trend analyses for long term assessments and @redilttain

the four lakes in the chain are showing yearly increasing TSI values since 2006, with Pine Lake,
Lake Osborne, and Eden/ Il da curr.eSee¢HgyrelaAbove 60
pollutant loading evaluation conducted by EnvironmieRtsearch and Design, I{@002)

determined that the primary nutrient source(s) and runoff are carried into the lakes through the
canal systems. Although Lake Clarke has not reached the critical TSI number of 60, the lake has
jumped from a TSI of 53 iA006 to 58.9 in 2008. Presently the detrimental effects of high TSI
have not frequently been observed in the COL but this could occur in the nearer future if the
nutrient inputs are not reduced. Adverse effects sutle@sentalgal blooms and gbeted

dissolved oxygemay occurfor the COL if management efforts do not include reducing the
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nutrient concentrations currently observédionitoring needs to continue so trend analysis for the
lakes and canal systems can be utilized in formulating good maaagdatisions.

Fecal coliform bacteria were collected at all stations for the three years. Fecal coliforms come
from the digestive tract of wanllooded animals and historically have been used as an indicator
for the potential of human pathogens in wataliforms can enter the water from many sources,
including direct deposit, stormwater runoff, and septic systems. Results indicate that most of the
lakes have sporadic extremely elevated fecal coliform numBedgfinitive source cannot be
establisheddueto the temporal nature of the concentrations. But because of the high
concentrations human health issues are a concern and further investigation is warranted.

Figure 1. Chainof-Lakes TSI Time Series.
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In general, the Chaiof-Lakes show incre@sg nutrient loadings as indicated by the TSI trends.
Lake Ida and Pine Lake are currently listed as impaired for nutrients (TSI) by the Florida
Department of Environmental Protectiolmcreases imrganicnitrogenconcentrationsvere
observedn all lakes, whileconcentrationsf total phosphorus declined.
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[I. Introduction

The information collectedill assist managers to address problems and provide the information
necessary for preservation and restoration. diainof Lakeswater quality monitang projects

are designed to gather information on the chemical, physical, and biological parameters of the lake
systems.

TheChain of Lakesncludes Pine, Clarke, Osborne, Ida, and Eden and are located near the toe of
western slope of the Atlantic CodsRadge in Palm Beach Countyrhe Chain of Lakesuns north

and south approximately 30 linear mildrior to 1900, the chaiaf-lakes was part of an extensive
wetland slough system west of the Coastal Ridgeey are classified as Class |1l Freshwia&es
under the Floridads Criteria for Surface Wate
classification lists the intended used of the water bodies as for recreation, propagation and
maintenance of a healthy, wdtlalanced population of fisand wildlife. Besides movement of

water for flood control, the lakes and the associated Lake Worth Drainage District (LW®D) E
Canal are used extensively for boating, fishing and other recreation actitAtegever, the lakes

are also an integral past the drainage system for central and southern Palm Beach County.
While they are lakes, the hydrology is atypical of a lake/watershed regime, due to the
interconnection with the Central and Southern Flood Control Project and the LW&tBr levels

in the lakes are controlled artificially by the series of canals and water control structures
maintained by the South Florida Water Management District and the LVH2B.Map 1 below

for sampling locations.

Pollutant Sources

Watershed boundaries for tidainof Lakesare largely artificial due to the extensive canal
systems which interact with each lak&s a result, calculated drainage basin to lake area ratios is
extremely high for each of the five lakes. As a rule, lakes with high basin/lake areareatios a
considered to have a significant influence from the contributingbasm areas. In other words,

the lakes are heavily impacted by basin surface wateoffue.g., stormwater runoff, and

hydraulic movement within the canals. Stormwater runoff eavity impact Florida lakes,
streams, estuaries and the ocean with nutrient, organic chemicals, and patBegenable 1, for
COL basin physical characteristics.

Table 1. Morphology and Basin Characteristics

Parameter Units Pine Clarke | Osborne| lda | Eden
Lake Surface Area acres 34.8 56.5 378 121 49.0
Lake Volume acft 227 275 2,065 743 349
Mean Depth ft 7.6 7.8 6.8 8.2 11.5
Maximum Depth ft 17.1 174 27.0 19.8 19.8
Shoreline Length ft 7301 17623 94904 26686 24712
Drainage Basin -- C-51 (east sulbasin) C-51 C-16 C-15 C-15
Drainage Area acres 104,996 104,996 40,011 47,470 | 47,420
Drainage Basin/ Lake Area Ratig - 3,016 1,858 106 392 968

Source: State of Lakes Report, RPEGM, 1997.
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Map 1. Chain of Lakes overall location and sampling stations
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The Palm Beach County ChashLakes Water Quality and Pollutant LoadiBgaluation
(Environmental Research & Design, Inc., May 2002) ERRD Reportprovided an irdepth
assessment of thpollutant sourcesral analyses related to the drainage basin/lake area issue. The
saurces of pollutant loading werdentified as; tributary inflow (canals), seepage inflow
(groundwater), precipitation and miscellaneous storm water outfall inputs (drainage pipes).
2002evaluation identified the primary pollutant loading source as tributary inflow, with-thiie C
Canal as the primary source for Pine Lake, and lakes Clark and OsBitsen&WDD tributary

canals were identified as the primary source for lakes Ida and Eden.

The potential for water pollutant sources to enteiGhain of Lakesare numerousncluding,
nutrients, pesticides, heavy metals and bacteria from stormwater rdiefforimary pollutants
within the Chairof-Lakes are excessive nutrieniBxcessivdoadings of nutrients, nitrogen and
phosphorus, usually lead to eutrophicati@dneutrophiclake has high nutrient levels and
associated high primary productivity, which is gfreduction of organic compounds. Eutrophic
lakes are subject to excessive algabms, resulting in poor water clarity and other associated
water quality problemssuch as low dissolved oxygen.

Study Design

This three year water quality update is based on data provided by two water quality monitoring
programs; The Chaiof Lakes Wate Quality Monitoring Program comprised of 12 sites shown on
Maps 2, 3, 4, and 5, and the National Pollutant Discharge Elimination Sykiaitoring

Program (NPDES) whichas two sites located in Lake Osborne (Map 4, Sites 22 and-a#).

more informatioron the NPDES program, seevw.co.palmbeach.fl.us/erm/permitting/water
resources/surfaegtormwater. The Chairnof LakesWater Quality Monitoring Program gan
sampling in January 2006, and the NPD&&hitoring program has been-going since 1998. The
sampling frequencies for both are bimonthly, or 6 monitoring events conducted annually.

Chemical and microbiological samples were analyzed by the contracataty Genapure

(formerly U.S. Biosystems) in Boca Raton, Florida. Genapua@&ionally, (NELAC), and the

State of Florida (DoH) accredited laborato@ll laboratory results were reviewed by the

| aboratoryds Quality As }adficeabefore deingjarveaidedttbg Cont r
Department of Environmental Resources ManagenteRi). ERM performed a QA/QC audit

on all results to verify accuracy and validity before any data evaluation of water quality. Data that

did not pass the QA/QC critaras identified pursuant to Rule-8246, F.A.C., were not used in

the evaluationsThe QA/QC reports provided by the laboratory were reviewed, as well as ERM
conducting an internal review of the methods, detection limits, and holding times for tHessamp

A statistical analysis was conducted wusing th
2001). The data analyses will include, fAdata rang
state standards and background conditions will be considered ajyelicable. Results are in

milligrams per liter (md) except pH which is standard units (rang®&4) and coliforms as 100/cfu

(colony forming units).
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TheChain of Lakesun north and south from Belvedered in West Palm Beach to Lake Ida
Road in elray Beachandlocated in three SFWMD designated basins. Evaluations will be
determined on each lake separatélfrere are thirteen sampling stations selected throughout the
COL. For this report water quality monitoring began in January 2006 and cedtimononthly
through December 2008. Station 67 was not included in the overall study as it was originally
selected as a special project site (Square Lake) and was not a repres€htativaf Lakes site

Site 67 was discontinued in 2006. Segment magsampling stations are shown below.

On each monitoring date, field measurements were collected for dissolved oxygen, pH, specific
conductivity, and temperature. Releaned bottles were used to collect water chemistry samples
for laboratory analysepreserved as required and placed in a cooler on ice for delivery to the
laboratory. Laboratory results were electronically submitted to-ER®!. Only data that passed
both laboratory and ERM QC checks were used in this study. Raw data are copiousednitthe
not included in this report but airethe Florida STORET water quality database or by contacting
ERM staff.

The water quality monitoring parameters used for the Gifdiakes and NPDES sites are:

Field Measured (Physical)
e Dissolved Oxygen
pH
Specific Conductivity
Temperature
Secchi depth (discontinued in early 2006)

Laboratory Analysis

Total Kjeldahl Nitrogen (summatiorf organic nitrogen and ammonia)
Ammonia

Nitrate

Nitrite

Total Phosphorus

Ortho-Phosphorus (dissolved form)

Chlorophyl a, corrected for pdeophytin (indicator of algal production)
Turbidity

Total Hardness (as CaCO3)

Total Suspended Solids (TSS)

Fecal Coliform Bacteria

Metals: As, Cd, Cu, Pb, Zn

Metal sampling was discontinued starting December 2007 when data iddrestdts were at
detection limit or at values much lower than water quality State Standards for metals of concern.
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lll.  Methodology to Determine Water Quality Status

Water quality assessments will be determined based on the general understandimmplaigyim
(study of lakes) and the application of the Florida State Water Quality Standards for Class Il
waters F.A.C. 62.302The Rule is used for interpretation and indicating any violations per
meeting their designated usagkhe Impaired Water Rule, &.C. 62.303 (IWR)s appliedby the
Stateto identify impaired waterslf a water body isleemedmpaired thera Total Maximum

Daily Load (TMDL) Ruleis adoptedThe Tropic State Index (TSI) and Chlorophyll a are just two
of the metric that are importamt the assessmenté&dditional water quality evaluatiorte

determine impairmerdan include coliform bacteria, suspended solids/turbidity, and dissolved
nutrients.

Trophic State Index (TSI)

The TSI is a mathematical formula used to estimate the trepdiie of any freshwater lake. The

trophic state is an indication of general health and aging of lake. Total nitrogen and total

phosphorus are the nutrients of concern in the trophic state calculdhorsasing nutrient

loadings for surface wateroflv and runoff and internal nutrient cycling are the basic dynamics
behind this processThe gener al public would describe a vy
Adyi ngo or stagnate wi t hAldakes &e avertine and Harida an d
the average lake completes the cycle in approximately 150 yBaisprocess is called

Eutrophication. To a Limnologisiakes age by becoming more energy productive as populations

of plant and animals increase, and interact in more complexxebd. Increased or excessive
productivity can speed up the fdfdhemenemded agi ng an
productively is driven by increased loadings of total nitrogen (TN) and/or total phosphorus (TP).
Increase in chlorophyh, e.g. alglgrowth, is a direct response to this productivitjassive algal

blooms can dramatically upset the normal functions within the lake and negatively impact the
recreational benefits provided, as well as being a potential detriment to human Asalis.

usually has an anthropogenic causeiamebt considered normal for any lake system, efforts must

be made to reduce the negative impacts of the causative agents, the nithergtages of the
eutrophication or aging process within lakes are defiryetthdd TSI numberTSI calculations

include the parameters: TN, TP, and Chlorophylthta) concentrationsThe method of

calculation has been published in the Florida Department of Environmental Protection (DEP)
document, fAThe Stmatteegroat eFd oA s sdeas sWaet rdlreISI05 ( b ) F
scale runs from D 100+ with the higher the number indicating the more productive (older) the

lake. The FDEP considers the TSI value and the color of the water when applying the IWR to

lakes. If a relatively clear lake, color less than 40 platinum cobalt units (pcu), has a TSI exceeding

40 then it is considered impaired. Lakes with color of greater than 40 units, and the TSI is 60 or
more, is considered impaire@olor was not analyzed in this studyt previous sampling

identifies the col as having a color greater than 40 pcu.

Chlorophyll-a, Dissolved Nutrients, and Nutrient Limiting Factors

Although chbrophylla and the dissolved nutrients are functions within the TSI evaluations, these
parametersan assist in additional water quality evaluations in their own right:a can indicate

the level of direct impairment due to nutrient enrichment especially when viewed temp@rally.
chl-a impairment numeric scale has been developed by lake scie@idtsophyll a
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concentrations, in mg/f1from 0-39 represents lakes with small to moderate nutrient loadings,

from 4090 algal bloom are frequent and represent moderate to heavy inputs of nutrients, and 90 or
higher represents excessive nutrient inptgscan results in catastrophic algae bloom and algae
die-off which can deplete the lake of oxygen. Lakes with continuoua ghlues of >60 are

considered Hypereutrophic lakes and represent a dyiagfaantrol system with low DO and
dramatically redued species diversity. It has been generally accepted by Lake Managers when a
lake is in the Hypereutrophic state only major and dramatic restoration step can bring it back to a
healthy system, if at all.

The TSI calcul ati on ianhistoi n gd efnahe hutrieatdhat rivessathe uit sr,i
eutrophication of the lake. This nutrient, as the limiting factor, is the nuthiahis in insufficient
concentrations and any additional increase will cause productivity to increase beyond healthy

limits. Therefore, targeting the limiting nutrient for load reduction to the lake is the best
management strategy. In some instances the nutrients represent loading fresuipension of

lake sediment.

Hydrology

TheChain of Lakess part of an exdnsive canal system designed and used for drainage and flood
control. The existing hydrologic regime of tGhain of Lakess quite complex and is regulated by
a number of mammade canals and water structures. (See Fgarel3 for hydrological

schematis for theChain of Lakeg The magnitude and direction of water movement in both Pine
Lake and Lake Clarke are regulated to a great part by operations schedules-bi theake

Osborne is located within the-I6 basin but is influenced by the4dBCanalwhich connects to the
north and south of the lake. Water can travel both north and south, but generally moves in the
southerly direction due to southerly flow of thelECanal. Surface water may flow to thel€

Canal and to the-81 Structure and intdvé Lagoon, if the &1 Structure is open. Lake Eden and
Ida are located in the-C5 basin. Although the primary flow pattern is north to south, water can
travel north via the £ to the Boynton Canal and by tide out thé1S or south via the-& to the
Delray Canal, the @5, and out to tide through thed® structure.

The pattern of flow of these canals can be a major factor in delivering nutrient laden water
throughout the watershed and if a sufficient retention time is present, nutrients candastare
lakes sediments. Reference will be made to the ERD 2002 study with results of nutrient hydrologic
loadings to each lake systemRe-suspension of the concentrated nutrient sediments can put these
same nutrient back into the water column where toeyd increase algal blooms which are
detrimental to the health and biotic balance of the lake. The hydrology for each of tGadour

of Lakessystems will be discussed below in the Lakes Discussion Section related to any impacts
to water quality. The Chain of Lakedydrology was not specifically investigated as a part of this
study; therefore see the ERD report for additional information. The schematic flow charts Figures
2 and3 below are from th@002ERD study and although the flow calculationfs)enay not be
representative afurrentconditions, the overall schematic diagram is an excellent view of the COL
hydrologic characteristics during the wet and dry seasons.
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Figure 2. Wet Season
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