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ABSTRACT

As part of acomprehensive project evaluatingthe hydrology of the West Wellfield/L-31N site,
an isotopic study was initiated to evaluate the sources of water to the wellfield and the potential
impacts of rock mining lakes on water flows within the area. The site incorporates northeast
Everglades National Park, includingthe eastern edgeof Shark River Slough, aswell asthe western
extent of sub-urban Miami. Asper scopeof serviceswith four different funding agencies(SFWMD,
USGS, ENP, and Kendall Properties and Investments), atotal of 580 water samples were collected
from January 1996 through December 1998. Sampleswere andyzed for their isotopic composition
( O and D) using standardized methods which are based upon the conversion of oxygen and
hydrogeninto aform that can bemeasured by amass spectrometer. Daa collected early during this
study confirmed that the isotopic composition of water was a suitable tracer of Everglades water
given that differences were observed betweenwater found deep within the Evergades and recharge
within urban aresas.

Results from this study ind cate that the majority of water within the study site originates from
local rainfall, with additional inputs from Water Conservation Areas located immediately to the
northwest of the site. Surface waters within the Everglades side of the study site are generally
evaporated as evidenced by their high isotopic vdues( *0O>1.0and D > 6). Heavy Everglades
surface water is the source of shallow and deep groundwater inthe Everglades. At one location
adjacentto Levee 31N, itwasfound that surfacewater infusesveryrapidly presumably duetoalocal
geologicdisturbance. Thisrapidinfusion of water resultsina “conduit” of isotopically light water
(after largerainevents) that travel salong with the southeasterly groundwater flow patern, gradually
mixing with the surrounding groundwater. Upon nearing Levee 31N, Evergladesgroundwater flows
in amore easterly direction within a series of geologic layers within the Biscayne aquifer which
appear to be semi-confined. Groundwater within the urban side is generally very light (similar to
that of un-evaporated rainfall) at shallow depths and relatively heavy (similar to that of Everglades
water) at large depths. Lakes within the study site serve as “bresks’ between the geologic layers
causing deep groundwaters (which originate from the Everglades) to mix with shallow groundwater
(which originate from rechar ge within the urban side of the site). Water fromboth the lakes and the
deep groundwater continueto migratetoward the east until the operations of the municipal pumping
wells at the West Wellfield causes this water to bedrawn to the intakes.

Two box modelswere devel oped through thisstudy to quantify flows between different regions
within the study site. The models, one called the“simple” model and another called the “complex”
model, were based upon water and isotopic balances. The simplemodel indicatesthat more than 60
percent of the water pumped by the West Wellfield, ultimately originates from within the
Everglades; the proportion of Evergladeswater to the West Wellfield increases during drier weather
conditions. Results from the complex modd indicate that Everglades waters move preferentially
through deeper groundwate layers within the Biscayne aquifer. Water within these deeper
groundwater layers move east until they reach the rock mining lakes where the majority of the deep
groundwater flows through the lakes. Water from both the lake and the lowest groundwater layers
then migrate eastward and a portion of this water is drawn by the municipal wellfield.



PROJECT STATUSAND FOCUS OF THISREPORT

The University of Miami project investigaing the West Wellfield/L-31N site is separated into
two phases: an isotope study (phase I) and a hydrologic modeling effort (phase I1). This report
presents the results from the isotope study (phase 1) which includes analysis of: surface water,
groundwater and rainwater collected from within Everglades National Park, groundwater and
rainwater from theWest Wellfield, and canal water from L-31IN. Two earlier reports on theisotope
portion of the study have been prepared. The first one titled, “Sources of Water to the West
Wellfield,” and dated July 10, 1998 summarizes the isotope data corresponding to the first 150
samples analyzed. A second report titled, “ An Isotopic Study of Two Rock Mining Lakes,” dated
March 8, 2000 focused on establishing the phydcal, physico-chemical, and isotopic characteristics
of two rock mining lakeslocated between the Wes Wellfield and northeast Everglades National
Park and corresponds to another 110 samples that were collected from the two rock mining lekes.
It was found during the andysis of the lake data that negligible variations in isotopic composition
were observed withdepth. Therefore, inthe report included herein, the lake data correspondsto the
depth average.

Thehydrologic modding effort (phasell) isfunded by the U.S. Geological Survey (USGS). The
focus of the hydrologc model was to estimate seepage below Levee 31N and to devdop an
algorithmfor estimating real-time seepagerates. Thefinal report documenting theseresultshasbeen
approved for publication by the USGS as Water Resources | nvestigations Report 00-4066. Copies
of the USGS publication will be distributed to interested parties once it is available.

Funding for the isotope portion of the West Wellfield/L-31N study was received from four
different agencies: the South HoridaWater M anagement District (SFWMD), Kendall Propertiesand
Investmentsinc., the USGS, and Everglades Naional Park (ENP). ENPand the USGS funded the
analysis of the last 320 samples and the results presented herein includes an analysis of al the
isotopic data (580 samples) collected. Earlier reports (Solo-Gabriele 1998; Solo-Gabriele and
Sternberg 1998) included a more thorough description of the motivati on for the West Well field/L -
31N study, moredetail s concerning the characteristics of the study site, justification for use of stable
isotopes astracersfor water flow inthe area, and adescription of the quality control program for the
isotope analysis. Please refer to theearlier reports for these details.

ORGANIZATION OF REPORT

Thisreport is separated into two chapters: administrative background (chapter I) and technical
results (chapter I1). A chapter on administrative background was considered necessary due to the
fact that four different funding agencies provided financial support for this study, each withits own
contractual requirements. A summary of agency funding as well as contractual obligaions
associated with sample analysis are included within the first chapter. For additional details
concerning the technical content of this study please refer to Wilcox 2000.
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CHAPTERII
ADMINISTRATIVE BACKGROUND

.1 SCOPE OF WORK

Asper scope of work provided by ENP dated June 12, 1997, theremaining sampl es (of 580 total)
were analyzed for their isotopic (oxygen-18 and deuterium) composition. The isotopic datawere
utilized in conjunction with water balance models to determine the amount of Everglades water
contributing to the West Wellfield and to obtain a better understanding for water flows within the
area.

.2 SAMPLES COLLECTED AND ANALYZED

A total of 580 samples for isotopic analysis have been collected and analyzed. These analyses
meet the contractual requirements for agreements with SFWMD, Kendall Properties and
Investments, Inc., ENP and the USGS. Among the 580 samples, 110 were collected from rock
mining lakes and 470 were collected from the remai ning samplingsiteswhich included shdlow and
deep groundwater monitoring wells, municipal pumping wells of the West Wellfield, canal water
from L-31N, rainwater, and surfacewater from withinthe Everglades. Thisreport summarizesthe
results from all 580 samples.

.3 FUNDING SOURCES

A total of $113,150 was received for the project as a whole. Of this amount, $48,750 were
received for the isotope portionof this study (Phasel). Refer to table 1 for more details concerning
funding and contractual obligations. In-kind contributions were received from the U.S. Geological
Survey intheform of coredrilling and analysis, from the South FloridaWater Management District
in the form of well drilling, and from Miami-Dade Wate and Sewer Department through the
provision of arain sampler enclosure.

Funding Source Phase | Phasell | Contract End| Contract Status
Funds | #Samples | Funds Date
Received |per Contract| Received

South FloridaWater | $12,500 147 May 31, 1998 Completed

Management District

Kendall Properties and| $12,500 138 July 31, 1999 Completed

Investments Inc.

U.S. Geological $10,000 118 $64,400 |Sept. 30, 1999 Report Drafted for

Survey Hydrologic Modd
Report Drafted for
Isotope Analysis.

Everglades National $13,750 162 April 2000 | Report Drafted

Park

TOTAL $48,750 565 $64,400

Grand Total for Phasel and |1 = $113,150

Table 1: Funding Sources



.4 PROJECT PERSONNEL

Dr. HelenaSolo-Gabriel e, Assistant Professor intheUniversity of Miami’ sDepartment of Civil,
Arch., and Environmental Engineering, supervised the research project. Dr. Leonel Sternberg,
Professor of the Department of Biology, supervised isotope andysis. The following students (in
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CHAPTER I
TECHNICAL RESULTS

1.1 DESCRIPTION OF SITE

The West Wellfield/L-31N site (figure 1) incorporates northeast Everglades National Park
and the western extent of suburban Miami. Major roadways within the site include Tamiami Tral
(S.W. 8 Street), Krome Avenue (S.W.177 Avenue), and Kendall Drive (S.W. 88 Street). The area
(42 mi% or 110 km?) is characterized by generally flat topographic rdief. Ground elevations within
the site range from 4 to 8 feet above mean sealevel. The site includes three groundwater pumping
wells(combined flow of 23 ft*/sor 0.66 m*/s) which draw water from the Biscayne aquifer. Thetwo
lakes (lakes RL1 and RL3) that were the focus of the earlier lake study are located in the central
portion of the study site between Levee 31N and the municipd production wells.

The primary canal system within the interior of the siteisthe L-31N Canal, which lies 2 miles
(3 km) to the west of the wellfield. The L-31N Canal is roughly 100 feet (30 m) wide and has a
maximum depth of 20 feet (5.2 m). Immediately to the east is a discontinuous |evee system which
permits for rapid drainage of the areas east of L-31N Canal. Throughout most of the site the
groundwater table is at a depth of 3 to 6 feet from the ground surface, and the cand intersects the
upper portion of the aguifer permitting a permanent hydraulic connection.

A long range monitoring program has been implemented by loca government agencies to
determine groundwater and surface water impacts resulting from pumpage of the West Wellfield.
Data are generdly collected in hourly time increments and are readily availale through either the
USGS, SFWMD, or ENP. Asobservedfromfigures1and 2, theinner portion of the West-Wellfield
siteisextensively monitored. All of theshallow (10 foot depth) groundwater monitoring wells east
of L-31N have been operational since April 1994 and shallow wells located within 1 mile weg of
L-31N have been operational since October 1995; afew shallow wellshave alonger period of record
dating back to the 1950s. Five deep (> 45 feet deep) wellswereinstalled during 1997-1998 as part
of the study plan reported herein. One of thesewells, G3660, wasinstrumented for continuouswater
level measurements.

Fiveflow monitoring stations are located along thelength of the L-31N Canal and are spaced at
either 1 or 2 mile intervals (1M1, 2M3, 3M4, 4M5, 5M7). Thes stations are fitted with stage
recorders and acoustical velocity meters which have been calibrated extensively by the USGS
(Swain, 1992). Several surface water control structures are |ocated within the study site. Stageis
monitored at most of these structures; flow is monitored only at the major structures. Rainfdl is
measured continuously at three locations within the site using tipping-bucket rain gages (S338,
G3553, S336). A weather station islocated at Miami International Airport, 10 miles east of the site
and at Tamiami Trail located approximately 15 miles west of the site The data collected at these
weather stations aresuitable for estimating rates of potential evapo-transpiration.

Ste Geology

The portion of the Biscayne aquifer located in the study area corsists of highly permeable
limestone having a very high hydraulic conductivity (vaues as high as 3 x 10° ft/day) and includes
three formations. the Tamiami Formati on, the Fort Thompson Formation, and Miami Limestone
(Fish and Stewart, 1991). The base of the Biscayne aquifer slopes from a high point of
approximately 44 feet below mean sealevel in the northwest corner of the study area down to an
elevation of roughly 84 feet below sealevel in the southeast corner. Only the top highly permeable



portion of the Tamiami Formationisincluded within the Biscayneaquife. Thetop of thisformation
slopesfrom 32.5 feet below sealevel in the northwestern corner of the study areato 52.5 feet below
sea level in the southeastern corne. The Fort Thompson Formation is between the Tamiami
Formation and the Miami Limestone. Both the Fort Thompson Formation and the Tamiami
Formation of the Biscayne aquifer have estimated hydraulic conductivities of at least 20,000 ft/d.
Land surface within the study area is approximately 6 to 8 feet above sea level. The Miami
Limestone generally is found from surface elevation to about 8 to 12 feet below ground level
(Causaras1987). Theoverall hydraulic conductivity of the Miami Limestone (1000 ft/d to 5000 ft/d)
isgenerally lower and more variable than that of the Fort Thompson Formaion and the portion of
the Tamiami Formation above the base of the Biscayne aquifer.

Recently, geologic study inthe area has turned to determining the existence of semi-confining
layers within the Biscayne aquifer. In the sudy area, there are two semi-confining layers of low-
permeability limegone (Figure 3). The shallower of these layersislocated near the top of the Fort
Thompson Formation, just below the Miami Limestone, and is most likdly the result of surface
exposure caused by sea-levd regresson following the deposition of the formation. From a
compilation of existing data, it has been determined that thislayer begns about 10 ft below ground
elevationandisroughly 2 feet thick, extending to adepth of 12 ft below ground elevation. Thislayer
isvery consistently found at this depth within the focusarea of the study site and can be taken to be
horizontal with only very localized variations.

The deeper semi-confining layer was not found to be as regularly horizontal as thefirst. On
average, thelayer is5 feet thick and begins at adepth of 35t0 40 feet below ground surface elevation
(and approximately 30 to 35 feet below mean sealevel) in the focus area. Across the entire study
site, this deeper layer slopes from a top devation of 22.5 ft below sea level in the northwestern
corner of theareato 42.5 ft below sealevel in the southeastern corner and istaken asfivefeet thick.
From available data, this layer appearsto have roughly the same dope as the contact between the
Tamiami Formation and the Fort Thompson Formation, as outlined by Causaras (1987). Thisseems
reasonable as the contact of the Tamiami Formation and the Fort Thompson Formationisonly five
feet deeper (approximately) than the bottom of the semi-confining layer.

Wilcox, 2000, provides a detailed summary of geologic datasupporting the existence of these
hard layers. A considerable amount of very recent geologic data has been collected and analyzed
through Kevin Cunningham of the USGS Miami Subdistrict Office whose work foauses on
establishing the ared extent and inter-conneded nature of these hard layers.

Groundwater Flow / Seepage

Ground-water flow characteristics for the area are available in several forms. Regional water
table maps indicate a ground-water flow pattern from west to east within the study area (Fish and
Stewart, 1991). However, as the site incorporates the West Wellfield of Miami-Dade County,
ground-water flow in the area is affected by operation of the wells. In addition, the severa lakes
formed as a result of rock mining may also affect flow patterns throughout the regon. A
representative exampleof ground-water elevations in the study areais provided in Fgure 4.

Seepage meter testswere performed by Nemeth et al ., 2000, at 6 sitesinthevicinity of theL-31N
Levee. These sites were located from 1.5 miles west to 0.2 miles west of Levee 31N within
northeast Everglades Nationd Park. The seepage meter tests showed that seepage generaly
increases astheleveeisapproached from thewest. Thelargest seepagevalueswerefound a G3577
and at a point midway between G3577 and Levee 31-N.
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1.2 Sample Collection and I otope Analysis

Samples were collected during a period rangng from January 1996 to Decembea 1998. The
monitoring network (figure 1) was modified over time with an emphasis placed on sites within the
focusarea. Early during the sampling program only afew sites were tested on a non-regular basis.
Beginning in February 1997, samples were collected on aregular monthly schedule. Furthermore
it is important to note that as the research continued, sites were continually added until the
completion of sampling. Overdl, 580 sampleswere collected at 26 different sites, which included
thetwo lakes. A summary of the isotope monitoring site characteristicsisprovided in Table 2. For
a complete set of isotopedata for al sites (except for the lakes), please see Appendix A.

Sample Collection

All sampleswere collected in duplicate using dass scintillationvials. Thesevialswerefilled to
the top with sample water and sealed with a screw-on top. A layer of parafilm was then wrapped
around the vials in order to prevent evaporation. Samples were collected from groundwater,
municipal pumping wells, surface water (including lakes), and rainwater. Groundwater samples
were collected using a portable pump connected to a 12-volt battery. The intake end of the pump
hose was lowered into the well casing while the outflow end was alowed to flow into the
scintillationvial for samplecolledion. For shallow wells, thepumpwasallowed to draw waer from
the well for five minutes prior to sample collection to assure that a representative sample was
collected. For deep groundwater sites, the well waspurged for fifteen minutes. The productionwell
samples were taken directly from a spigot attached to the pumping well. These samples were
obtained from either Well 29 or Well 30 at the West Wellfield, depending upon which pump was
in operation on the day of sampling. Surfacewater samplesfrom the Evergladesand canal siteswere
collected by immersing the scintillation vials below thewater surface. At the lakes, a submersible
pump was used to collect water from ten-foot depth intervals from the approximate center of each
lake. These samples were analyzed by Herrera, 2000. Herrerafound that the isotopic composition
did not vary significantly with depth and therefore only the depth averaged valueswere utilized in
this study. Rainwater collection for isotope analysis provided a somewhat unique problem, as
collected rainwater must be shid ded from evaporation effects. 1norder to accomplishthis, rainwater
collection bottles were filled with atwo inch deep layer of mineral oil priorto use. These bottles
werefitted with acollection funnel and an air release port. Asrain entered thecollection apparatus,
thebuoyant mineral oil floated on top of the collected ran, preventing rainwater interaction with the
air and insuring the isotopic integrity of the sample. Once the rainwater was collected, asyringewas
used to transfer the rainwater from below themineral oil layer into the scintillation vids.

13



Sample Analysis

Oxygen-18 analyds included a CO, equilibration procedure utilizing a syringe asdescribed by
Matsui, 1980. This syringe technique was compared with the more traditional CO, equilibration
procedure (Epstein and Mayeda 1953) with good results (Standard deviation 0.18). Samples for
deuterium determinations were processed using one of two methods. The first method utilized a
uranium furnace as outlined by Bigeleisen et al.1952. The second method involved the use of a
chromiumfurnace (Gehree al. 1996). Resultsfrom the chromium and uranium furnace were found
to be statisically the same. After initial processing, samples were subject to mass spectrometry
(Prism, Micromass, Inc.) for *Oand D determinations. "Del" or " " values are given by

{ (Rl "'rR).s.::mpIe
1 =

(R TR - ]- 1000 (equation 1)

refererce

where R,/R isthe ratio of the"heavier" isotopeto its more abundant "lighter” form. For example,
for oxygen-18, theratioisgiven by **0/**0. Thereferenceistheratio of **0/**0 or D/H of Vienna
Standard Mean Ocean Water (VSMOW) provided by the National Bureau of Standards. Unitsare
provided in “per mil” or “%o.”

A considerableeffort was provided for quality assurance andquality control. Detailsconcerning
these effortsis provided in the reporttitled, “ An Isotopic Study of Two Rock Mining Lakes.” This
report is dated March 8, 2000 and authored by Solo-Gabriele and Herrera.

Basics Concerning | sotope Theory

| sotopes serve as conservative tracers of different water sources as long as distinct differences
are observed in the isotopic composition of each source. Water bodies that have undergone
extensive evaporation will beenrichedin heavier isotopes(i.e. larger ®*Oand D values). Liquids
formed by the condensation of gases, such asrainfall, tend to beenriched in thelighter isotopewhich
result in lower valuesof '®O and D. Furthermore, rainfall is also characterized by a universal
relationship between deuterium and oxygen-18, commonly called the meteoric water line and
described by the equationn D=8 'O + 10 (Craig 1961). Therelationship between oxygen-18 and
deuterium for water bodiesthat have undergone evaporation, onthe other hand, are predicted by the
following equation: D=M 'O + | where M<8. Thus evaporative water can be identified onthe
basisof its D and *®0 values and its deviation from the meteroic waer line.
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Site Type of Latitude |[Longitude State State Agency Station Land Drilled Casing Casing
Station Plane X PlaneY Identification Surface Depth (feet | Depth (feet | Diameter
Coordin- | Coordin- Number Elevation below land | below land (inches)
ate ate (feet above surface) surface)
sea level)
G3551 Shallow Well | 25°41'58" | 80°29 45" 666017 496749 USGS | 254158080294501 6.57 18.3 13.3 5
G3552 Shallow Well | 25°41'38" | 80°28 44" 671605 494752 USGS | 254153808284401 7.41 194 14.4 5
G3661 Deep W 25°41738" | 80°28'44” 671605 494752 USGS [ 254138080284401 741 55.0 50.0 2
G3553 Shallow Well | 25°41°52" | 80°28'2T" 673703 496173 USGS | 254152080282101 6.23 19.9 14.9 5
G3554 Shallow Well | 25°41'52" | 80°27" 45" 6/6996 490187 USGS | 2541520802 74501 (.36 20 15 |5}
G3062 Deep Well 25°41°527 | 80°2/7° 45" ©6/6996 490157 USGS | 2541520802 /74501 9.40 09.0 0.0 2
G300 Shallow Well | 25°41 11" o021 25" 0/5543 492055 USGS | 254111080272501 0.29 19 14 o
G3439 Deep Well 257447217 oU"26'02 [S13{51615%¢] 0117266 UsGs | 254421060260201 o./9 17 10 4
Well 29/50 Production 2974150 oU’Zo 15 o/3Y/70 4960195 Miami- BA-Z, BA-3 6.00, b.40 o/, /U oY, 41 o4, 24
Well Dade
WASA
Gblo Shallow Well 2074540 oU'so UU bolodo o19U45 UGS | £9545000U6Us00U0UL (.40 ZU 11 [§)
[CXisY4s) Shallow well 205°42°Uo oUZY 4/ 0boosl 497920 UGS | 254200060294 /U1 2.94 9.0 ISAY) 4
D90/ Surrace Water 29°4Z2"Uo oUZY 4/ 0boosl 49350 - - 2.94 - - -
G3660 Deep Well 254206 80°29747 665831 497556 USGS | 254229080294801 - 57.0 470 13
G3577 Shattow Wett— 254207 80°30'02 6642459 497652 USGS [ 254207080300201 6.00 80 80 7
S3577 Surface Water | 2574207 80°30'02 6642459 7197652 - - 6.00 = = -
G3663 Deep Wett 254207 80°3002 6642459 497652 USGS—254207080300201 600 6270 570 5
G3578 Shattow Wett—254210 80°3048 660250 497939 USGS254210080304801 6-00 60 60 %
S3578 Surface Water [ 25°42°10 80°3048 660250 497939 - - 600 = -
G3664 Deep-Wett 25°42-10"—86°30'48* 660250 497939 USGS 6-00 410 360 5
M S(=StiN—TSurface Water - 25°43-62—86°2956* 665535 563268 USGS 02296765 = = =
Canal mile3)
SvtA(L=SHN—T Surface Water 254206 80°29'46" 665923 497556 USES 62296766 = = = =
Canal mile4)
AMS (=3 Surface-Weter—2541-09——86°29"56" 665244 48352t USGS 062296767 = = = =
Canal mile5)
Ram G618 Rarmvifater 254540 ——80°35- 14" 635857 519643 = = = = = =
Ramw Raimrveter 25°41-56"——86°28-18" 673978 496195 = = = = = =
Rt take 254206 86°29-15" 668811 497556 = = = = = =
RES take 25438 —T-86°29-15" 66881 494752 = = = = = =
I abte 2 Tsotopevonitoring Statfon Site Desaiptions

15




II.3RESULTS
[1.3.a Plasof O Versus D

Rainfall Analysis

A regression analysis was performed on therainfall data colleded at the RainWW and
RainG618 sites (Figure5), in order to compare rainfall data collected through the current study
with the universal meteoric water line (MWL) (Hoefs 1997). A regression analysison the
rainfall data collected resulted in the following equation:

D =7.9550 0 +8.9211 (equation 2)
as compared to the universal MWL equation of:
D=8 0+10 (equation 3)

Specific O and D vaues were found to be within acceptable ranges as  *°0 values were
found to vary between —4.70°, t0 —0.29°/ ., and D values ranged from —-32.93°,t0 8.78 °/ .. It
is also seen graphically that the fitted rain lineis nearly identical to the universal meteoric water
line (Figure 5). Since the two lines areso close to each other, the universal MWL was used in
and ysis of other meteoric pl ots developed through thi s study.

Analysis of All Data

A plot of Ovs. D of al collected samples excluding those fromrainwater sitesis
provided in Figure 6. Thisplot is of over 430 data points. All the values on this plot fall below
the MWL, showing that the samples were enriched in **0 values as compared with deuterium
values. Thiswould indicate that the waters within the study site were subjected to an evaporative
process. In order to further examine the structure of the collected data, the average delta values
of all siteswere plotted (Figure 7). Ascan be seen, rainwaer is significantly lighter than the
other water samples collected. Of the other sites (Figure 8), G3555 and G3439 are thelightest.
These sites are the furthest east and consequently the most removed from the Evergades. G618
and S3577, both located inthe Everglades, are the heaviest. In agreement with the data points on
the extremities, an overall pattern is observed from relatively heavy to relatively light as the sites
progress geographically fromwest to east. To emphasizethis point wells have been grouped into
Everglades wells (those west of L-31N) and urban wells (those east of L-31N) (Figure 9). With
the exception of G3663, the Everglades wells are in general heavier than the urban wdls. Thisis
due to the impact of evaporation within the Everglades which resultsin its waters to be enriched
in the heavy isatopes. In urbanareas, water infiltrated more quickly into the ground thus
maintaining isotopic characteristics closer to that of rainfall. Hgure 10 compares theimpact of
well depth on groundwater isotopic composition. In thisfigure wdlslocated at the same
horizontal coordinates have been given the same color. Shallow groundwater was assigned a
square symbol whereas deep groundwater was assigned a diamond shape. The results show that
at specific geographic locations the desp wells are in most cases heavier than the shallow wells.
This especially holds true on the urban (eastern) side of the Levee 31N where, for example,
G3662 plots heavier than G3554, even though both wells are located at the same horizontal
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location. The primary exception to this general trend occurs at G3577/G3663 where the deeper
well is significantly lighter than the shdlow well. Further discussion of these observationsis
incorporated into the following sections.

A regression line tha incorporates the average values of the specific sites was devel oped to
further examine the effects of evaporation on the isotopic composition of waters in the study
area. An intersection of the regression line with the MWL would indicate that the rainfall feeding
the system camefrom alocation having an isotopic composition similar to the intersection paint.
In Figure 11, it can be seen that rainfall within the study area (the RainWW and RainG618 sites)
falls within the 99% confidence limits. The assertion that local rainfall strongly contributes water
to the system becomes even more convincing when 95% confidence bars are shown for the
averaged values of individual sites (Figure 12). The confidence bars of the rainfdl data and the
confidence bounds of the regression line overlap greetly.

The fact that the sampled rainfall plots near the outer bounds of the confidence limits of the
regression line suggests, nevertheless, that there may be another, dightly lighter source of water
to the sitein addition to local rainfall. The other potential source flows through control gate
S333. S333 controls the flow of water to northeast Everglades National Park from an Everglades
conservation arealocated to the north. This conservation area collects water from rainfall points
further north as well as more inland. While no isotgpe datais available in thisarea, it is
conceivable that due to Raleigh distillation effects (Hoefs 1997), this water would traceback to a
point that was lighter on the meteoric water line. Thisinfusion of water could therefore have an
influence on the sampling points in the study area and affect the regression line However, it is
important to make a distinction here that while the evaporation regression may point to a
supplemental, lighter initial source of water (lighter rainfall) to the conservation area, this does
not mean that water entering the study area through the gate is light. Thiswater isin fact very
heavy as aresult of evaporation effects. In other words, while the regression analysis gives
insight into the initial source of water (e.g. rainfall location) to a system, it does not indicate the
state of the water inthe system at agiven time. Water that may have initially been isotopically
light rainfall could infact be heavy at a given time dueto evaporation effeds.
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[1.3.b  *O versus Distance

Plotsof 80 values versus distancefrom pumping wells emphasi ze the spatial effect of west to
east flows on isotope values in the study area (Figure 13). Each symbol correspondsto the average
180 for a particular sampling station. The vertical bars correspond to the 95% confidence limitsin
the '®0O measured at that station, which include the effects of different antecedent conditionsand
seasonal variations. Thefigure showsageneral trend of decreasing *0 valueswhen moving from
west to east in the study site. Thistrend is dueto the mixing of isotopically light infiltration with
evaporated Everglades water as the water migrates from west to east. Infiltration is lighter on the
urban side due to rapid drainage of rainwater through an infrastructure designed to prevent flooding
of these areas. Water isheavy on the Everglades side due evaporation of the standing surface water
west of Levee 31IN. The mixing of these two water sources results in the **O values becoming
lighter with distance from the Everglades. The predominant portion of this trend is seen in the
vicinity of Levee 31N, dong the border between the Everglades and urban areas. In the Everglades,
thetrend is much less pronounced once far removed from this borde as evidenced by the relatively
small change from G618to G3578 over alarge distance.

Theplot of '®0 versus distance (Figure 13) also shows that deep groundwater is generally
heavier than shallow groundwater east of G3575/G3660 (inclusive), presumably due to the
greater influenceof heavy Everglades waters and smaller impacts of surface infiltration (which is
isotopically light on the urban side) at larger depths. Also, of interest isthat agradient is
observed in these deep groundwater wells, with lighter values asone proceeds eastward. This
gradient, however, is not as steep as the gradient observed for shallow groundwater. A different
behavior is observed west of G3575/G3660. At G3578/G3664, the isotopic composition of
shallow and deep groundwater is the same indicating that Everglades waters are mixed
throughout the Biscayne aquifer at this point. A clear deviation from the general trend is
observed at G3577/G3663, where the isotopic composgtion of deep groundwater at G3663 is
lighter than the composition of shallow groundwater at G3577. This deviation can be explained
by assuming that water at G3663 is strongly influenced by rainfall. It islikely that isotopically
light rainfall infiltrates rapidly to this particular sampling point.

Further examination of Figure13 indicatesthat the rodk mining lakes and the pumping well are
heavy for both their locationand depth. The most likely reasonsfor thisobservation at thelakes are
evaporation and potential input of heavy Everglades water through desp groundwater inflows.
Evaporation does cause an enrichment of heavy isotopes at the surface of the lakes. However,
evaporation alone cannot account for the magnitude of the enrichment observed (Herrera 2000) and
thus the data support that heavy groundwater that originated in the Everglades ultimaely flowsinto
thelakes. The heavy water observed at the pumping wells supports the hypothesis that a portion of
its supply comes from the rock mining lakes directly west of the wellfield. The only other source
of such heavy water to the pumping wells could be Everglades water and it is unlikely tha the
municipal wellfield is drawing water directly from sites such as G3578 and G3664. Thisis not to
say that water from thesesites does not migrateto the wellfield. However, the distance required for
thismigration would result in at | east some mixing with lighter, rain influenced water asis observed
in the trendline for the deep wells. As such, Fgure 13 supports the hypothesis that the pumping
wells draw aleast a portion of their supply from the lake.
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[1.3.c Three Dimensional plots

Therelative impact of rainfall events and S333 gate operation on the isatope deltavaluesin
the study area was assessed through aseries of three-dimensional plots, which included graphs of
80 versusrainfall in inches versus average flow in cubic feet per second at gate S333. Inorder to
compare short and long term effects, two sets of plotswere made, one incorporating values for the
previous five days and one incorporating values for the previous thirty days to sampling. Plots of
this nature produce graphical surfaces that reflect theeffects of both rainfall and gate operations on
deltavalues. Heavier isotope values result in a darker color while lighter isotope values result in
lighter shading. If no significant impact by these variables is obsaved, a nearly flat, uniformly
shaded plane having very little slope or surface distortion would be produced. On the other hand,
if rainfall and gateoperations influenced the delta val ues, the graphical surface will appear to bend
and distort from a planar shape and will contain both darker and lighter shadings.

Thefive-day graphsshow several interesting features. First, theplotsonce more confirmthat
water in the west (Everglades) was in general heavier than water inthe east (urban) asindicated by
thedarker shading on the plot for atypical Evergladeswdl (Figure14). Furthermore, the data show
that shallow groundwaterwithintheurban side ischaracteri zed by adistinctive* spoon shape” where
lighter water is observed during antecedent wet conditions and intermediate flow values. Water
withinthe Evergladesis characterized by amore planar shape. It isalso apparent from the data that
shallow and deep groundwaterswere affected differently in the short term by rain and gate operations
(Figure 15). Deep groundwaer (e.g. G3662) was not affected by short-term rain events due to the
fact that travel time to the deep wells is greater than five days whereas the impacts of rainfall in
shallow urban wells (e.g. G3554) is readily apparent. Flow through gate S333 did not result in
fluctuationsin 20 values comparable to those caused by rainfall at most sites. Thisis observed
from the large slopes in the graphical surfaces dong the rainfall axis rather than the flow axisin
most plots. The only plots that do show the influence of gate S333 in the short term are the
Everglades surface waters. S3578 is provided as a representative plot (Figure 16).

Thenoticeable exceptionstothegeneral trendsoccurred at G3577/G3663 and & the pumping
well (Figure 17) where the immediateinfluence of rainfdl was observed despitethe fact that these
waters should show a pattern similar to that observed at G618 (the characteristic Everglades well)
dueto their location or depth. For G3663, this divergence can beexplained by thepresence of alarge
open cavern encountered during the drilling of the well. The increased hydraulic conductivity
associ ated with the existence of thiscavern supportsthe hypothesisthat rain influenced water travels
through the aquifer at thislocation more quicklythan at other locations Asaresult, intheshort term,

80 valuesat G3577 and G3663 aresignificantly decreasad by rainfall events. Thisobservationdso
explains the extremely light delta values observed in the meteoric (Figure 6) and distance plots
(Figurel3). Theinfluence of rainfall at the pumpingwell islikely due to thepump’ s ability to draw
water vertically from more shallow areas than its openintake. The shallow urban water, given that
it isinfluenced by rainfall, will therefore result in arainfall influence at the pumping well. Itis
important to al so note that whilethe shape of the pump’ splot pointsto ashort-term rainfall influence
similar to that of urban shallow wells, the overall values are heavier than surrounding shallow wells.
This suggests that the pumping well draws amix of both shallow and deep groundwaters as well as
water from the isotopically enriched lakes. Lake RL3 (Figure 18) interestingly shows a similar
pattern on thethree dimensional plot & the pumping wells. Such results support the hypothesisthat
the pump is drawing at least a portion of its supply from the lake.
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The thirty-day plots are in general much more planar than the five-day plots as the greater
timescaleresultsin smaller fluctuationsin rainfall and flow measurements. Overall, theseplotsare
consistent with the ones described earlier. For example the differences in isotopic composition
between Everglades (western) and urban (eastern) groundwater (Figure 19) is readily observed by
noting the height of the planeonthevertical axis. Ingeneral, Everglades and desp groundwater plot
at heavier 80 valuesthan urban, shallow groundwater. Furthermore, it appears that over thelarger
time scale, thereisarelationship between gate operations and delta valuesin the Everglades, where
heavier 80 values are observed at higher flows. In addition to the Everglades surface waters (that
showed aresponse to flow conditionsin the five-day plots), shallow Everglades groundwater such
asthat observed at G3575 and G3578 (Figure 20), showed anincreasein *°0 values after a period
of 30 days of high flow conditions. This observation supports the earlier interpretation of the data
which indicated that waters upstream of gate S333 serve as a source of water to the study site.

The thirty-day plots for G3577 and G3663 give further insight into the movement of water
inthe study site (Figure 21). It hasaready been observed in thefive-day plotsthat rainwater infuses
very quickly at thislocation. Thethirty-day plots are consistent with thisinterpretation, asfor nearly
any amount of rainfall and intermediate flow values (themost preval ent conditionfound throughout
the course of thestudy) thereisasharp declinein **O valuesat G3577. It isalso evidentin thisplot
that at high flow conditions, '®O values increase considerably indicating a correlation with
operations of gate S333. It appears that the area surrounding G3577 acts as a sink for Everglades
surface water. Over the larger time scale of thirty days, this collected water that infuses so rapidly
is gradually mixed with the in situ ground water. This isevidenced by the decrease in ddta values
under heavy rainfall conditionsobserved at G3663 and other surrounding wellsincluding G3575 and
G3578 (Figure 20).

To make this concept clearer, a cartoon sketch (Figure 22) isprovided. The extremely
high seepage into the underground cavern near G3577 likely flows as a “conduit” of water that is
isotopically different than surrounding groundwater. This “conduit” responds quickly to the
composition of the surface water feeding the seepage. The predominant direction of groundwater
flow in this areais from northwest to southeast. Thusit is conceivable that the “conduit” takes
water to the south of thesampling sites and doesnot regularly affect the delta vdues at the
adjacent wells. Only under heavy rain conditions when increased volumetric input to the
“conduit” resultsin greater east/west spreading of surfacewater influenced flow that mixing
effects are observed in adjacent wells. In other words, alarge infusion of surface water causes
water in this*conduit,” moving from northwest toward the southeast, to mix with surrounding
groundwater in adirection perpendicular to the flow direction, eventually reaching isotopic
equilibrium and becoming indistinguishable from the groundwater. When the volume of seepage
feeding the “conduit’ isless, its rangeof influence is reduced.
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Figure 14: 5-Day Plot of Typical Everglades Well (G618) Versus Urban Well (G3553)
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Figure 15: 5-Day Plot of Typical Deep Well (G3662) V ersus Shallow Well (G3554)
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Figure 16: 5-Day Plot of Typical Everglades Surface Water (S-3578)

Figure 17: 5-Day Plot of G3577, G3663, and Pumping Well
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1.4 BOX MODELS

Two box models were developed for this study and are referred to herein asthe “simpe” and
“complex” box models.

Il.4.a Simple Box Model

A simple box model was developed in order to determine the percent contribution of
Everglades water to the West Wellfield. This model is based upon the assumption that two
isotopically different waters are being drawn to and mixed at the pumping well site (Figure 23).
Thesewatersinclude Evergadestype water (water west of L-31N) and urban type water (water east
of Levee 31N). Anisotopic balance is therefore represented by the following two equations:

X +y =100 % (equation 4)
BOo)x+ Q)y= *0,)100 (equation 5)

wherex isthe percentage of Evergladeswater at the pumping well, yisthe percentage of urban water
at the pumping well, 80, is the O value of Everglades water (taken as the %0 value at
G618), 'O, isthe 'O value of urban water (taken asthe **O value at G3555) and *°O, isthe

80 value of water at pumping well 29/30. This modd was evaluated using different sets of input
data. These setsincluded the overall average of all samples, the 1998 yearly data average, and the
1996/1997 combined data average. Also used as input for model runs were the averages of
“Summer” months (considered to be May through October), “Winter” months (N ovember through
April), “Dry” months (those having less than four inches of rainfall duringthe thirty days prior to
sampling), and “Wet” months (those having more than four inches of rainfal duri ng thethi rty days
prior to sampling). Rainfall measurements werethose collected at S338. Results of the model for
these data sets areprovided in Table 3.

Everglades Water Urban Water

Overadll Average 68.9 311
1998 Average 65.7 34.3
1996-1997 Average 72.0 28.8
“Summer” Months 59.6 40.4
“Winter” Months 86.4 13.6
“Dry” Months 73.8 26.2
“Wet” Months 66.4 33.6

Table 3: Simple Box Model Resuts

This model, using data for the entire study period, shows that 69% of the water being pumped
from the well isindicative of Everglades water while only 31% isindicative of urban water. This
supports the hypothesis that Evergladestype water is reaching the pumpingwell and may bethe
major contributing source. Furthermore, for all conditions, over 50% of the water at the pumping
well is Everglades type. The simple model results also show that during “dry” conditions, when
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asmaller quantity of recharge is available, a greater demand is placed upon the contribution from
Everglades groundwater. This causes the percent composition of Everglades water in the
pumping well to increase. This observation also holds true when comparing summer and winter
months. Summer months in general correlate with the wet season in South Florida during which
rainfall recharges groundwater more consistently than during winter months. Consequently, an
increase in the quantity of Everglades water reaching the pumping well is observed during the
drier winter conditions. The difference between the “ 1998 Average” model results and those of
the “1996-1997 Average” isaso likely the result of rainfall differences. On average, there was
less rainfall during 1996 and 1997 (50.5 inches) than in 1998 (52.5 inches) in the study area.
Accordingly, the percentage of Everglades water returned by the model is higher during the drier
1996-1997 years

While this simple box model isuseful for assessinggeneral trends, certain conceptual problems
are inherent as a result of the simplicity of this type of model. These include the lack of
compensation for the direct isotopicinfluence of rainfall and inflow from water conservation areas
at gate S333 on the system aswell asthe influence of any mixing across geologic layersin the rock
mining lakes and evaporation of water at the lake surface. There is no simple way to carrect these
problems within the framework of the simple model. While introducing only rainfall to the model
wouldresultinahigher Evergladesinfluence (asadditional heavy Evergladeswater would be needed
to balancethelightraininput in theisotopebal ance), introducingonly isotopically heavy |lake water
as an inflow would cause anincrease in the observed urban influence. In order to address some of
these problems, a more complex box model was developed. Results of the complex model are
provided in the next section.

Pumping
Well

X y
Everglades Ly | — Urban
Water Water

Figure 23: Simple Box Model
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I1.4.b Complex Box Model

For the complex box model, atwo-mile by four-mile rectangular areawithin the focusarea
(down to the Biscayne aquifer) was selected and broken into five boxes which represent the
Everglades area, canal, lakes, deep groundwater, and urban areas (Figures 24 and 25). A water
balance and an i sotopic balance were then established for each box in order to compute water flows
between each of the boxes. Spedficationsfor these baxesare providedinTable4. Those variables
which were measured versus those computed through the complex model described inthis section
are summarized in Table 5.

Valuesof ges cassor casrs  cassy csesz, wel2ae @0 gasss Utilized for the complex
model were the average values measured at the corresponding well locations (given by the
subscripts). Isotopic values for the ranfall were also measured directly & sampling stations
located next to well G618 (' g,inceie) @Nd at the West Wellfield ( ginww). Vauesof ., o, and

g5 fOr evaporated water were cal culated using the method devel oped by Gonfiantini (1986). The
computation was afunction of the valuesfor rainfall and surface water corresponding to a
particular site. Details concerning this computation are provided by Wilcox, 2000, and Herrera,
2000. Thevalueof | utilized isthe average of the 'O valuesfor RL1 and RL3. Herrera,
2000, showed that values of | for RL1 and RL3 were similar to one another and the values dd
not vary considerably with depthwithin each lake. Please refer to Herrera, 2000, or Solo-
Gabriele and Herrera, 2000, for more details concerning | values for the lakes. The rainfall
depths, R1, R2, R3, and R5, were obtained from station S336. Vauesof ET1, ET2 and ET3
were obtained from the Tamiami Trail weather station located roughly 15 miles west of the study
site. P was obtained from chart records from each well. Charts were provided by Miami Dade
Water and Sewer Department. The value used for the model was 4.53 x 10° cubic feet per year
(9.3 mgd) which was found to be representative of the pumping well data evaluated. A1, A2,
A3, and A5, correspondto the surface area of the Everglades, canal, lakes, and urban control
volumes. The Everglades control volume corresponds to a surface area of 2 miles by 2 miles
(Al). Thecanal is2milesby 0.02 milesin area(A2). Theurban side (A5) isassumed to
represent an area of 2 milesby 1.76 miles. The value of A3, which corresponds to the lakes, was
determined by summing the surface area of the two rock-mining lakes included within this study
(1.24 x 10" sq ft, Herrera 2000). Conceptually, the model accounts for the lakes as athin strip
which is 0.22 miles long and two mileswide. While the lakes actual shapes are in fact very
different, for the purposes of the model flow balances, only the surface areais important.

The model incorporated a seepage term from deep groundwater into the lake control
volume. This seepage term, while drawn as an input through the bottom of the lake in the figure,
in fact incorporatesboth movement through the bottom of the lakes (vertical flow) and any
inflow through the side (primarily horizontal flow) of the lake between the bottom of the canal
and the base of the lakes (between 30 and 40 feet). The model does not distinguish between
horizontal and vertical flow across the boundary between box 3 and box 4. Canal seepage, on the
other hand, is considered to be only through the sides of thecanal. This arrangement is
considered to physically describe the system gven that hydraulic gradients arevery flat in the
area of the canal resulting in horizontal flow lines. Furthermorethis conceptualization is
consistent with the existing MODBRANCH model of the study site (Nemeth et al. 2000). This
model utilizes the a relationship which simulates canal seepage through the sides of the canal
rather than the bottom.
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The unknown flow values were calculated in the model by simultaneously solving a
series of mass balanceequations. The equations assume steady state conditions and include both
volumetric and isotopic balances. Equations were developed for six control volumes (Figure 25).
Details of these computéions are provided in Wilcox 2000. An example of the equations
utilized are provided for box 1 below:

Volumetric Water Balance:
E+RI*A1-ET1*A1-X-Y=0 (equation 6)

| sotopic Balance:
E* cois * RL*AL* pancers— ETL*AL* ¢ —X* s — Y™ Gaee0 = 0
(equation 7)

For these equations, all variables are defined in Table4. All flowsare measured in cubic feet
per year (cfy), all areasarein squarefeet (sg. ft) and rainfall/evapo-transpiration values are measured
in feet per year (ft/yr).

Results of the complex box model for the 1998 and theoverall average data sets (Figures 26
and 27) indicate that water leaving the Everglades and seeping under the Levee 31N preferentially
moves through the deep groundwater layer. Thisis observed from the flow ratio of over ten toone
in the deep groundwater as compared to shallow groundwater. Deep groundwater travels east until
movinginto thevicinity of therock mining lakes. Asthelakes cut through the degper semi-confining
layer, themodel indicatesthat nearly sixty percent of the deep groundwater flow travelsinto thelake.
Water from both the lake and deep groundwater migrate eastward into control volumenumber five,
the urban box. Here the modd flow terms indicate that the pumping wells draw water from
surrounding urban shallow groundwaer, the lakes, and degp groundwater. Furthermore, it is
important to note that the results of the complex box model are consistent with those from the
numerical model (MODBRANCH) devel oped by Nemeth et al. 2000 and later modified by Herrera
2000 to incorporate lakes. A detailed comparison between the results of the complex model and
those of the numerical model are provided by Wilcox 2000. Wilcox, 2000, reports that the results
are within the same order of magnitude and within only a 30 to 35% difference between the
MODBRANCH and complex models.

The complex mode is in many ways an i mprovement over the smple model. It
incorporates rainfall and evapo-transpiraion data. In addition, it accounts for the presence of
both deep groundwater flow and the rock mining lakes. Another positive aspect of the complex
box model isthat it utilizes datafrom several of theisotope monitoring stationsrather than only
two asin the simple box model.

Despite al of the positive aspects of the complex box model, it has its limitations. The
complex box model does not fully account for north/south water migration or surficial Everglades
flow. In addition, some of the sites used in the complex box model were not monitored until the start
of 1998 or later. Asaresult, at sites such as G3660 too few datapoints were availableto accurately
perform additional model runs such asthose donein the simplebox model (section I1.4.a) that assess
the impact of seasonal variations on the system. It is also important to note that the areal size of the
complex model was chosen so asto incorporate the rock mining lakes, the West Wellfield and
Evergladesisotope monitoring stations Assuch, redefining theboundaries of the model could result
in different model output.
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Box Box Inputs Corresponding Outputs Corresponding
# Description Values Used Values Used
Everglades water G618 Evapo-transpiration (ET1) £, from Rain
including inflow from over Al, a2.00 mile by G618, S3575,
1 Everglades S333 (E) 2.00 mile area S3577 & S3578
Rainfall (R1) over Al, a Rain G618 Shallow Groundwater (X)
2.00 mile by 2.00 mile Deep Groundwater (Y) G3575
area G3660
Shallow Groundwater (X) G3575 Evapo-transpiration (ET2) £, from Rain
2 Canal Rainfall (R2) over A2, a Rain WW over A_2, a2.00 mile by WW, 2M 3, 3M4
2.00 mile by 0.02 mile 0.02 mile area & 4M5
area Shallow Groundwater (Z) G3551
Shallow Groundwater (Z) G3551 Evapo-transpiration (ET3) 5 from Rain
Rainfall (R3) over A3, a Rain WW over A3, a2.00 mile by WW, RL1 &
2.00 mile by 0.22 mile 0.22 mile area RL3
3 Lakes area Shall ow Groundwater (L) fromRL1 &
RL3
Seepage (S) L fromRL1 &
RL3
Deep Deep Groundwater (Y) G3660 Deep Groundwater (D) G3662
4 Groundwater Seepage from lakes (S) RLL grom RL1&
Shall ow Groundwater (L) L fromRL1 & Pumping Well (P) Well 29/30
RL3 Urban Water (U) G3555
5 Urban Deep Groundwater (D) G3662
Rainfall (R5) over A5, a RainWww

2.00 mile by 1.76 mile
area

Table 4: Complex Box Model Parameters
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Box # Measured Variables Calculated Variables
1 R11 ET17 Al’ G618 Rain G618 E1! E’ X, Y
G3575!  G3660
2 R2| ETZ! A2’ G3575!  Rain WW» X’ Z
E2» G3551
3 R3, ET3, A3, Gass1r  Rainwws Z,L,D
E3r L
4 G3660 L' G3662 Y’ S’ D
5 RS’ A5’ P’ Ly G36620 Rain WW» L’ D’ U
Well 29/300 G3555

Table 5: List of Measured and Calculated Parameters in Complex Box Model
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Figure26: Complex Model Results Using I sotopic Data from 1998
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Figure 27: Complex Model Results Using Entire I otopic Data Set
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[1.5 Discussion and Conclusions

Why are | sotopes Suitable for Tracing Flows At the Levee 31N Ste?

Stable isotopes can be used to trace the flow of water at the West Wellfield/L-31N site,
since an isotopic difference can be observed between water derived from the Evergades and
water that is recharged in urban aress. Water in the Evergades is subject to considerable
evaporation, given that it is shallow and experiences considerable heat and solar radiation.
Therefore water within the Everglades isenriched in the heavier isotopes, e.g. oxygen-18 and
deuterium. Water that recharges within the urban areas infiltrates into the groundwater system
relatively quickly given the extensive drainage network in these areas. These “urban” waters
therefore have isotopic characteristics amilar to that of rain waters which are lighter than the
evaporated waters found within the Everglades. Therefore, heavy water is found within the
Everglades and light water isfound within urban areas. This difference in isotopic composition
can be used to tracethe flow of Everglades water through urban areas.

One exception to this gereral rule occurs inthe Everglades, immediately adjacent to the
levee. During some hydrologic conditions light water is found at thislocation. Thehydrologic
condition corresponds to aperiod immediately after a heavy rain event and when flows of
evaporated waters from upstream conservation areas are “ shut-off” (when S333 is closed) from
the site.

Conclusions from Data

The data indicate that the majority of water within the study site is coming from local
rainfall with additional water most likely the result of infusion of water at gate S333 from
northern water conservation areas. It is known from regional water table maps, measured head
elevations, and MODBRANCH modeling simulations of the area (Nemeth et al. 2000) that
groundwater in the study site movesin general from northwest to southeast on the Everglades
side of Levee 31N and from west to east on the urban side of Levee 31N. Heavy Everglades
surface water, primarily comprised of evaporated rainfall and water from the conservation areas,
infuses into shallow and deep groundwater flow layers in the Everglades. At certain points, such
asin the vicinity of G3577/G3663, localized geologic disturbances cause this infusion to ocaur
very rapidly. Thisrapid infusion resultsin the formation of “conduits’ of isotopically light water
(after rainfall events) that travel alongwith the predominant groundwater flow pattern, gradually
mixing with the surrounding groundwater until it comes into isotopic equilibrium.

Upon nearing Levee 31N, Everglades groundwater beginsto travel in a moreeasternly
direction, moving nearly horizontally in the geologic layers comprising the Biscayneaquifer. The
results of the complex box model indicate that the mgjority of the water seeping under Levee
31N movesin flow layers between the bottom of the L-31N cand and base of the Biscayne
aquifer. At the lakes, the “breaks’ in thehard layerscause some of this deep Everglades water to
mix with the lake water. This combines with evaporation at the lakes' surfaces to enrich the
isotopic composition of the lakes. Water from both thelakes and the deep groundwater continue
to migrate to the eas until the operations of the municipal pumping wells at the West Wellfield
causes this water to bedrawn into the intakes. These intakes are sareened both above and bel ow
the deeper semi-confining layer and consequently draw upon not only shallow urban water and
lake water but also deep water that originated in the Everglades (Figure 28).
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The combined examination of the hydrogeol ogy, isotopic characteristics, and water
migration patterns in the immediate vicinity of Levee 31N and the West Wellfield of Miami-
Dade County leads to the conclusion that Everglades water, both directly through groundwater
flow in deep semi-confined units of the Biscayne aquifer and indirectly through mixing with
rock-mining lakesin the area, is indeed being drawn into the operating municipal wellfields.
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Figure 28: Cartoon Sketch of Water Movement in Study Site
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Appendix A: Isotopic Data

All Data Provided Except For Lakes Where the Depth
Averaged Values Are Provided Only

A-1



Site 1/31/ 3/26/ 419/ 6/24/ 8/28/ 10/1/
1996 1996 1996 1996 1996 1996

G3551 1.96 [ 1.73 1.76 | 1.04 | 1.55
G3552 1.67 [ 0.92 0.87 | 1.52 | 0.70
G3553 1.08 | 0.70 0.67 | 1.82 | 0.41
G3554 0.55 | 0.94 | 0.29
G3555 0.66 0.25 | -0.05 | -0.09
WELL 1.27 2.21 | 1.34
29/30

2M3 1.43 | 1.61 0.98

3M4 1.78 | 1.78 | 2.14 | 0.44 | 1.39 | 1.67
4M5 1.38 | 1.66 0.59
G3575 2.10 | 2.27 -0.02 | 1.71 | 152
G3577 2.43

Table A.1: 1996 Oxygen-18 Data
Site 1/31/ 3/26/ 4/19/ 6/24/ 8/28/ 10/1/
1996 1996 1996 1996 1996 1996

G3551 4.70 | 15.42 11.64 [ 7.85 [ 11.06
G3552 -1.00 | 3.16 7.00 | 4.63 | 4.96
G3553 3.70 | -2.01 1.69 | 6.50 | 5.97
G3554 439 | 3.14 | -1.81
G3555 9.25 2.08 [ 0.73 | 0.99
WELL 11.26 11.74 | 10.22
29/30

2M3 10.90 | 4.71 6.45

3M4 2.20 | 14.01| 1446 | 1.97 | 7.99 | 11.96
4M5 1.80 | 15.71 5.56
G3575 570 | 7.92 -2.16 | 7.21 | 10.68
G3577 16.54

Table A.2: 1996 Deuterium Data

A-2




Site 2/6/  3/4/  4/8/  5/5/  e/4/  7/3/ 7/30/ 9/10/ 10/9/ 11/6/ 12/3/
1997 1997 1997 1997 1997 1997 1997 1997 1997 1997 1997
G3551 102 | 104 | 104 | 154 [ 122 | 1.04 | -013 [ 088 | 055 | 039 [ 065
G3552 075 | 1.04 | 113 | 118 | 114 | 096 | 123 | 114 | 224 | 040 | 044
G3553 061 | 049 | 071 | 072 | 075 | 036 | 098 | 075 | 042 | 031 | 043
G3554 028 | 007 | 034 | 0.78 | 031 | 002 | 0.76 | 0.73 | 026 | 055 | 049
G3555 043 [ 051 | -057 | -029 | -045 | -0.67 | -0.02 [ -0.62 | -211 | -1.70 | -1.09
WELL 29/30 | 1.02 | 125 | 1.07 | 128 | 150 | 140 | 152 | 141 | 140 | 1.15 | 0.86
G618 212 [ 272 | 239 | 255 | 168 | 207 | 163 | 1.32
2M3 141 | 113 | 179 [-182 [ 039 | 087 | 038 | 088 | 1.3L
3M4 091 | 087 | 136 | 1.03 | 181 |-067 | 0.78 | 098 | 023 | 1.08 | 0.69
aN5 118 | 142 | 175 |-003 | 036 | 1.00 | 056 | 1.01 | 0.86
G3439 056 | 042 |-225 |-184 [-013 [-019 | 0.06 | 0.33
G3575 087 | 100 | 066 | 082 | 087 [-346 | 049 | 174 | 128 | 042 | 0.9
G3577 -1.07 | 136 [-057 | 022 |-085
G3663 -0.03
G3578 205 | 1.87 | 208 | 171 | 057
G3664 1.66
RATN-WW 470 |-144 [-094 |-2.98
RLT 13
Table A.3: 1997 Oxygen-18 Data
Site 2/6/  3/4/ 418/  5/5/  6/4/  7/3/  7/30/ 9/10/ 10/9/ 11/6/ 12/3/
1997 1997 1997 1997 1997 1997 1997 1997 1997 1997 1997
Gsool 14.02 [ 12.65 | 15.55 (.13 0.05 ©.Ub 1.05 -0.54 -0.63 1.54 1.6/
G3952 13.39 0.90 12.02 0.02 o./4 9.42 0.20 1.16 0.06 -1.24 -0.07
G3993 9.22 4.26 9.00 1061 2.00 3.95 0.10 1.15 S.0l 9.40 1.40
G3554 o.1o (.03 4./3 2.1 2.19 1.65 0.45 1.44 -0.29 117 -1.96
G3995 1.50 3./6 2.90 -1l.ocl -2.0U -0.94 9.16 -3.60 - -7.40 -9.94
10.50
WELL 2Y9/50 9.03 10.54 14.06b 0.92 0.40 0.6U 0.12 0.94 0.60 1.25 1.25
Gols 15.90 15.07 15.49 1/7.60 (.39 14.00 9.54 4.00
ZMs o.lf 11.52 10.606 -9.50 3.9/1 0.4/ 0.42 4.0b 4.406
oMV4 15.66 16.46 15.00 0.00 11.25 - .16 1.60 U.16 9.02 0.05
10.97
4Mo 9.25 11.40 11.472 Z.0U 4.01 6.90 1.52 .44 2.54
GodsY 3.90 1.0Z2 - - - - -£.50 -(.0Z2
2300 (1179 (1097 |12.26
G39/79 15.09 10.57 15.90 2.9/ 4.69 - 2.9 2.4V =o.0 1 4.90 2.1
28.00
G3o/7 7 -0.54 4.Uo -3.9/ -1.9U -0.65
Gobbs -4.55
Goo/o 16.60 ©0.U5 0.44 16.00 -1.UZ
Gobb4 .02
RATN-VWVV - (.22 0./0 -
28.43 17.11
RCT 41
lable A.4: 1997 Deuterium Data




Site 1/6/19 2/10/1 3/3/ 4171 5/5/ 6/1/ 716/ 8/3/ 9/1/ 9/24/1 10/6/1 11/10/ 12/10/
98 998 1998 1998 1998 1998 1998 1998 1998 998 998 1998 1998
G3551 0.64 1.37 0.24 0.83 1.07 1.44 1.64 1.78 2.70 1.83 1.31 0.88
G3552 0.50 1.33 0.86 -0.06 0.21 1.22 1.02 1.27 0.72 1.08 1.55 1.39
G3661 1.14 1.03 0.68 0.99 1.53 1.38 1.27 0.93 1.65 1.23 1.56 1.32
G3553 0.76 1.11 0.81 0.38 0.70 1.07 1.30 0.78 0.61 1.09 1.18 1.27
G3554 0.72 0.65 0.77 0.29 0.64 1.02 0.50 0.41 0.41 0.61 1.03 0.57
G3662 1.91 1.15 0.89 1.52 1.20 0.81 0.98 0.66 0.95 1.04 1.38 1.30
G3555 -1.20 -0.68 -0.61 -0.31 0.00 0.41 0.30 -0.17 -0.13 -0.31 0.10 -0.84
WELL 29/30 2.06 1.27 0.85 1.59 1.14 1.43 1.24 0.98 0.78 1.63 1.56 1.61
G618 1.55 1.17 1.47 1.52 2.29 3.43 3.04 2.42 2.74 2.43 2.00 2.16
2M3 0.81 1.15 0.69 1.26 2.05 2.97 1.84 1.83 1.56 0.08 0.83 1.18
3M4 0.68 0.99 0.68 0.97 2.03 2.53 1.60 2.09 2.02 0.37 1.22 1.28
4M5 0.97 0.94 0.58 1.08 1.84 2.73 1.43 1.74 1.77 0.82 0.89 1.16
G3439 0.37 0.54 -0.96 0.32 0.44 0.01 1.27 -1.05 0.02 0.34
G3575 0.71 0.75 0.65 1.81 3.08 4.17 3.28 1.69 1.78 0.16 0.57 1.61
G3660 0.69 1.40 0.97 1.61 1.86 1.59 1.44
G3577 0.36 1.36 1.40 1.49 3.39 3.77 3.55 1.86 2.04 0.53 0.86 1.09
G3663 0.06 0.84 0.99 0.13 0.28 0.21 1.25 0.31 0.22 -0.07 0.22 0.25
G3578 1.82 1.81 1.13 1.57 2.74 291 2.25 1.91 1.88 1.38 2.07 2.09
G3664 1.87 1.71 1.86 1.84 1.83 1.84 2.11 1.35 2.09 1.94 1.92 1.95
RAIN-WW -4.41 -2.76 -0.29 -2.92 -1.71 -2.05 -1.77 -2.30 -1.38 -4.54 -2.99 -2.10 -0.56
RAIN-G618 -2.39 -1.53 -3.43 -1.30 -3.90 -3.72 -2.99 -1.27
S3575 2.22 0.96 0.59 1.43
S3577 4.08 4.11 2.77 0.67 -0.18 1.52
S3578 2.66 2.72 2.42 0.77 0.35 1.25
RL1 1.22 1.05 0.85 1.01 1.4 1.36 1.93 1.53 1.56 2.06 2.02 1.95
RL3 1.06 1.25 1.49 1.08 1.3 1.49 1.6 1.66 1.22 1.99 1.65 1.47
Table A.5: 1998 Oxygen-18 Data
Site 1/6/ 2/10/1 3/3/ 417! 5/5/ 6/1/ 716/ 8/3/ 9/1/ 9/24/1 10/6/1 11/10/ 12/10/
1998 998 1998 1998 1998 1998 1998 1998 1998 998 998 1998 1998
G3551 6.472 U.36 -0.43 2.67 4.65 0.35 11.41 15.94 13.22 19.58 6.57 4.14
G3557 1Z.6 1.60 1.25 -0.99 4.0 3.U8 3.40 /.66 -Z.17 .46 10.11 10.15
G3bbl 2.Z2b -Z2.45 -4.84 U.36 2.98 1.6Y9 1.01 6.57 9.37 9.7 10.78 14.47
53955 ©.60 U.46 -U.54 -1.49 1.4Y9 U. 4.350 ©.0U -U.63 .19 o. L 2.21
53554 1.40 U.56 Z.14 U.17 -1.49 Z2.Ub Z.91 3.7U 1.34 Z.13 4.91 2.2U
G500, .93 J.07 -U.00 -Z.01 3.U0 u.74 S.21 J.906 1.55 Y.00 1491 14.95
G359 -0.41 -9.30 -0.13 -1.33 3.1 -2.0U -3.90 WL -8.01 6.Ug -1.UB -U.2Y
WELL 29730 .91 171 3.05 -1.40 4.9Y .00 .U3 a.rr 2.9 19.01 1411 15.67
GO1o 15.ZU 3.U 2.03 0.Z21 4.04 15.94 15.01 1.0U 1.56 U.0o 19.27 10.69
3 4.40 U.37 1.65 0.90Y J.UY L1179 15.7U 1U.4U o.51 -Z.28 ©0.15 ©.05
SV 4 1Z.01 =1.54 .00 4.05 7.0 1Z.69 11.9U0 15.70 11.50 0.0 0.0Y 4.00
4NVo .03 U. 15 3,97 4.0 U.o7 1U7S .41 0.Uo 1.29 -1.99 a4.zZ0 ©0.0U
G345Y 99 =4.04 -Z. 18 15.01 -1.01 1.4U 0.0 =£.0Y -U. 1Y =110
G3970 a4.87 1.0Y .94 =3.99 1490 1475 1Z2.97 v.0U 1U.40 -U.34 o.15 12,01
G300U ro 1U.00 0.350 0.40 1U.Z0 7 S 4.99
S3977 4.70 9.1U .40 J.01 0.20 17.39 16.90 J.U7 11.04 =1.US 9.1 7 11.60
G3005 4.09 =U.39 =201 U.TU 1U.T1 =1.20 U.TH# 43 U 1T U.G 9.295
SS59070 .03 9,97 0. 71 .44 9.90 11,74 1Z2.01 10,19 1U.ZS 10,14 L1721 15.0U
GS5004 Uu.TT <. UG 9. 19 ©.UT 0.90 9% 1210 J.25 9.9% 19.09 r.or O.357
RATN=VVVW = =J.94 “4.UJ = U. 70 = =o.I7 = = TO = = - J.0J
20.79 11.69 16.35 14.70 32.93 15.31 13.05
13.71 17.20 18.56 26.86
S3577 +6-63—T—+69 +5-86 +-63 B2 —]
Table A.67 1998 Detterium Daa




