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Description and Monitoring of the Saltwater-Freshwater
Transition Zone in Aquifers along the West-Centrai

Coast of Florida

By J.T. Trommer

Abstract

A zone of brackish ground water forms the
transition zone between saliwater and freshwater
in the aquifer systems underlying the west-central
coast of Florida. Continuing stress on and
declining heads in the freshwater aquifers have
increased the potential for the landward movement
(intrusion} or vertical movement {upconing) of
saltwater.

Water in the transition zone in the northem
part of west-central Florida reflects a simple
mixing of freshwater and seawater. Water in the
transition zone in the southern part of the study
area is more mineralized than water in the northern
part of the study area and probably reflects a
longer residence time in the aquifers, an
incomplete Aushing of residual seawater, and
dissolution of gypsum from deep evaporite beds.
The zone extends inland about 5 miles from the
cogst in the north and as far as the easten
boundary of the study area in the south,

Regression analyses of chloride data from
ground water in 24 coastal wells indicate rising
chloride concentrations since 1970 in water from
14 wells. Water from two wells had declining
chloride concentrations and water from eight wells
remained vnchanged since 1970. .

Comparison of various sampling methexds
indicates that a single sampling method cannot be
applied to all weils that are currently being used 1o
monitor the transition zone. Monitoring wells in
the transition zone could be constructed
specifically for that purpose. They should have

boreholes open to a single flow zone that is above
the saltwater-freshwater interface so that water
quality in the flow zone is not tidally influenced.
In properiy constructed monitoring wells in the
transition zone, samples should be collected only
after purging the well sufficiently to allow specific
conductance, pH, and temperature 10 stabilize.

A network of 163 transition-zone
monitoring wells was sampled during the study.
Data from this network have been provided to the
Southwest Florida Water management District,
and the network has been included in their Coasta)
Ground-Water Quality Monitoring Program. The
network was initially sampled by Southwest
Florida Water Management District personnel in
March 1991.

INTRODUCTION

Continuing ground-water withdrawals and
below normal rainfall have resulted in declining heads
in aquifers in parts of west-central Florida, The
increase in population, particularly in coastal areas, and
the resulting increased demand for freshwarer has
further stressed the ground-water system, which results
in an increased potential for saltwater intrusion into the
freshwater aquifers.

The saliwater-freshwater intetfece (250-mg/L

' tine of equal chloride concentration) in the Upper

Floridan aquifer along the west-central coast of Florida
was described and mapped in 1979 by Causseaux and
Fretwell (1982). Much of the data used in thas study
were at least |5 years old. Also, tidal influence on
water quality was not considered, and the actual depth
from which the water sample was collected or the

Introduetion 1
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possibility of multiple flow zones sometimes was
unknown. The 1979 study concentrated on the Upper
Floridan aquifer; however, water-producing zones
exist in the intermediate aquifer system that overlies
the Upper Floridan aquifer in Hillsborough, Manatee,
Sarasota, De Soto, and Charloite Counties. These
zones are the major sources of potable water in parts of
wesl-central Florida and need to be menitored.

Additional data from borehole-geophysical logs
and flowmeter surveys, as well as water quality and
drilling data, are now available to describe more
accurately the transition 2zone between saltwater and
freshwater in aquifers along the coast of west-central
Florida. Recognizing the necd 10 describe and menitor
the saltwater-freshwater iransition zone, & 5-year study
of the transition zone was begun in October 1986 by the
U.S. Geological Survey (USGS}, in cooperation with
the Southwest Florida Water Management District
(SWFWMD) and the West Coast Regional Warer
Supply Authority (WCRWSA). The study area covers
about 6,600 miZ in west-central Florida and includes
Citrus, Hernando, Pasco, Pinellas, Hillsborough,

Manatee, Sarasota, and De Soto Counties, and the parts

of Levy and Charlotte Counties that lic within the
boundary of the SWFWMD (fig. 1}.

Purpose and Scope

This report presents a description of the
saltwater-freshwater transition zone and delineates the
current {1987-90) position of the 250-mg/L line of
equal chloride concentration (the saltwater-freshwater
interface; Causseaux and Fretwell, 1982) in the
production zones of the intermediate aquifer system
and the Upper Floridan aquifer in coastal west-central
Florida. Well locations, well-construction data, and
water-gquality data for 163 wells that have been :
included in the transition-zone monitoring network
also are presented, as well as information on the effects
that head fluctuation, well construction, and sampling
methods have on the reliability of water-quality data,

The saltwater-freshwater transition zone along
the coastline of west-central Florida was defined by
identifying trends in concentrations of chloride in
ground waier at monitoring wells, by examining
seasonal and daily correlations between changes in
head and changes in specific conductance of water
from the intermediate aquifer system and the Upper
Floridan aquifer, and by testing various methods for

sampling wells in the transition zone. Information
contained in this report is based on data collected
during the study period (October 1986-September
1990j; historical data from the files of the USGS. the
SWFWMD, and the WCRWSA, and data from
previously published reports. Data compiled and
anatyzed in this report include ground-water level
measurements, ground-water quality analyses,
borehole- and surface-geophysical data, aquifer
properties, lithologic descriptions, and tests of various
sampling methods.

Previous investigations

The ground-water resources of west-central
Florida have been discussed in varying detail in several
reports published by the U.S. Geological Survey, the
Florida Geologicat Survey, and private organizations.
Stringfield (1933a; 1933b) discussed the geography,
geology, and ground-water conditions in pans of
southwest Florida and called attention to the problem
of saltwater contamination of freshwater aquifers.
Vemon (1951), in a report on the geology of Citrus and
Levy Counties, briefly discussed ground-water
conditions, including the possible occurrence of
saltwater near the coast. Pinellas County experienced
a salinity problem in the 1920's when water-guality
degradation became significant {Heath and Smith,
1954). Chemry (1966) concluded that salinity problems
did not increase significantly in Pinellas County
between 1950-60 because ground-water withdrawals
had not increased in the county during that time. Peck
(1958) estimated the extent of saltwater contamination
in the Manatee County coastal areas. Peek (1959),
Menke and others (1961), and Hurchinson {1982} noted
increasing wends in concentrations of selected
dissolved constituents in the coastal parts of Manatee
and Hillsborough Counties. Weiterhall (1964) noted
that vertical layering of freshwater and saltwater
occurs along the coast in Hernando and Pasco
Counties., The location of the 250-mg/L line of equal
chloride conceniration was first delineated by
Reichenbaugh (1972) in Pasco County and later by
Mills and Ryder (1977) for Citrus and Hemando
Counties. Sutcliffe (1975) discussed the problems
of saltwater intrusion in the surficial and upper part
of the intermediate aquifer systems in an appraisal of
the geology and hydrology of Charlotie County.

2 Description and Monitoring of the Saitwater-Freshwater Transition Zone In Aquifers along the Wesi-Central Coast of Floride
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Wilsen (1977) reported chloride concentrations in

De Soto and Hardee Counties were higher in the lower
part of the Upper Floridan aquifer than in the upper
part. Causseaux and Fretwel) (1982; 1983) mapped
the location of the 250-mg/L line of equal chloride
conceniration and discussed chloride concentrations in
the Floridan aquifer system along the coastal margin
of west-central Florida. Surface-geophysical studies
(electrical resistivity and electromagnetic) have been
used to locate the saltwater-freshwater interface along
the west-central coast of Florida with varying degrees
of success (Bisdorf and Zohdy, 1979; Frerwell and
Stewart, 1981; Stewart and Gay. 1986).

Acknowledgments
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personnel in conjunction with this investigation and
particularly the property owners who permitied access
10 the wells used for geophysical logging, water-quality
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Methods of Investigation

A review of existing wells and waler-quality
data collected within the study area was conducted to
determine the availability of wells to monitor the
saltwater-freshwater transition zone and to determine
where additional data collection was needed.
Hydrogeologic conditions throughout the study area
were evaluated using previously collected lithologic
data, borehole-geophysical logs, and aquifer-test
analyses.

Water-level and specific-conductance recorders
were installed in selected wells to continuously
monitor changes in head and specific conductance.
Specific-conductance and water-level data were
collected at five wells 1o evaluate seasonal and daily
changes. Specific-conductance and water-level data
also were collected a1 six additional wells to evaluate
tidally influenced changes. Changes in specific
conductance were used as an indicator of changes in
the quality of water in a well.

Analyses of water samples collected from
250 wells between 1987 and 1990 were used 10
delineate the transition zone along coastal west-central
Florida. Sampled wells included domestic, public-
supply, irrigation, monitoring, and unused wells.
Monitored wells and unused irrigation and supply
wells without permanently installed pumps were

sampiled by using a porable centrifugal pump. Public-
supply, domestic, and irrigation wells with
permanently installed pumps were sampled as close 10
the wellhead as possible 1o preclude any possible
water-quality changes as aresult of chemical treatment.
Monitored wells that had a drop-pipe or an airlift
system were sampled using a centrifugal pump or a
small air compressor, Whenever possible, wells were
purged until iemperature, pH, and specific conductance
stabilized (Wood, 1976, p. 4).

Water samples were analyzed at a USGS
Laboratory for chemical ang physical properties,
including temperature, pH, specific conductance,
chloride, sulfate, and other major ions. Trends were
determined by simple linear regression analysis of
chloride-concentration data for selected wells with 5 to
20 years of data. Of the 250 wells sampled, 163 were
included in a proposed monitoring network that was
provided to the SWFWMD for implernentation into a
permanent transition-zone monitoring network.
Water-quality data for the proposed monitoring wells
are presented in the appendix,

Water-quality sampling methods were evaluated
at three wells in different hydrogeologic settings by
comparing the analytical results of samples collected
using each method. Continuous monitoring of
specific-conductance and periodic borehole
geophysical logging were used 10 identify changes in
specific conductance that oceurred in the ground warer
in each wel] during the testing of the sampling
methods.

Hydrogeclogy

The hydrogeoiogic system in west-central
Florida consists of clastic deposits of sand, silt, and
clay underlain by thick sequences of carbonate rack
that form the surficial aguifer system, the intermediate
aquifer system or intermediate confining unit, and the
Floridan aguifer system {fig. 2). The stratigraphic
nomenclature used in this report is that of the Florida
Geological Survey.

The surficial aquifer system generally is
composed of undifferentiated Holocene and
Pleistocene age sediments consisting of sand and
clayey sand. This aquifer system thins toward the
north, between central Hillsborough and northern
Pasco Counties. The thickness of the surficial aquifer
system in this part of the study arca ranges between
1 and 35 ft and acts as a single hydrologic unit.

4 Dascription and Menlloring of the Sstwater-Freshwater Transhion Zone in Aquiters along the West-Central Coast of Fiorida
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Flgure 2. Hydrogaologic system in west-central Florida, (Modified from Ryder, 1985, and Scott, 1968.)

A continuous surficial aquifer system does not exist
north of Pasco County. The surficial aquifer system
thickens south of Hillsborough County {figs. 1 and 3)
and may contain lenses of shell, shelly mar), or
intermixed stringers of limestone. The surficial aquifer
system in this part of the study area can be as much as
100 i thick and acts as a multilayered system
(Wolansky, 1983, p. 9). Depth to the water table is 5 10
10 ft below land surface throughout mosi of the study
area; however, the water table can be more than 35 ft
below land surface in some sand-ridge areas. Recharge
1o the surficial aguifer system is almost entirely from
precipilation. Seasonal fluctuation of the water teble
varies within a 5-ft range; its lowest level is in the
spring and at its highest level is in the fall.

Hydraulic properties of the surficial aquifer
System vary according to the lithology and thickness of
the saturated deposits. Transmissivity is estimated to
range from 100 to 10,000 fi2kd, and the storage
coefficient ranges from 4x10° 1o 21107 as reported by
Wolansky and Corral (1985, p. 7).

Water in the surficial aquifer system generally is
of acceptable quality for potable use except near the coast
and along tidally affected river estuaries, streams, and
canals. Because of the potential for poltution and
generally low yields, this aquifer system is used primarily
for lawn irrigation and livestock watering. Itis, however,
a major source of potable water in parts of Sarasota and
Charlotte Counties where deeper aquifer systems contain
saltwater. The surficial aquifer system provides some
recharge to the underlying aquifer systems.

troduction 5
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The surficial and Floridan aquifer systems are
separated by deposits of clay, silt, and sandy calcareous
clay of Pleistocene, Pliocene, and Miocene age. These
deposits are thin and discontinuous north of Pasco
County; however, between Pasco County and
Hilisborough County, they thicken and form the
intermediate confining unit {Southeastern Geological
Society, 1986). These deposits continue to thicken to
the south (fig. 3) and contain discontinuous water-
bearing zones composed of sand, gravel, shell,
limestone, and dolomite.

All water-bearing zones and semiconfining
materiais that lie between the surficial aquifer system
and the Floridan aquifer system in this pan of the study
area arc known collectively as the intermediate aquifer
system (Duerr and others, 1988, p. 5). The
intermediate aguifer system contains & single aquifer at
its northern and eastern limits, but is a multilayered

6  Deacription sad Monltoring of the F T

system in the southwestern pan of the study area,
particularly along the coast in Sarasota and Charlotte
Counties (Duerr and others, 1988, p. 19). In parts of
Manates, De Soto, Sarasota, and Charlotte Counties,
all or part of the Arcadia Formation of Miocene age
(formerly the Tampa Limestone; renamed by Scott,
1988) is hydraulically connected to the Peace River
Formation and is included in the intermediate aquifer
system. The Arcadia Formation in the northern part of
the study area is included in the Floridan aquifer
system.

The intermediate aquifer system ranges from
less than 100 fi thick in centra] Hillsborough County 1o
more than 800 ft thick in Charlotte County (Duerr and
others, 1988, p. 9). Transmissivity of the intermediate
aquifer system is estimated 10 vange from less than 200
to more than 13,000 f2/4d (Duerr and others, 1988,
p. 21).

Zone In Aquifers along the Wast-Central Coast of Florida
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The altitude of the potentiometric surface of
the intermediate aquifer system ranges from about
130 ft above sea level in southeastern Hillsborough and
northeastern Manatee Counties to less than 10 fi above
sea level near the coast, except for an area in southern
Hillsborough County. Average heads in the
intermediate aquifer system were 9 ft higher in
September 1989 (Knochenmus and Barr, 1990a) than
in May 1989 (Barr, 1989a). The greatest fluctuation
occurred in southern Hilisborough County where dry
season (May) pumpage for agricultural irrigation was
heavy. Heads in this area fluctuated from more than
20 ft below sea level in May 1989 to about 20 ft above
sea level in September 1989 (fig. 4).
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The general direction of ground-water flow
within the intermediate aquifer sysiem is west toward
the coast. The direction of flow in southern
Hillsborough and northemn Manatee Counties,
however, was reversed in 1989 during the dry season as
a result of increased ground-water withdrawals and the
subsequent lowering of the potentiometric surface.
The potential for saltwater encroachment inio the
aquifer from Tampa Bay and the Gulf of Mexico is
enhanced under these conditions.

The intermediate aquifer system is an important
source of water where water in the underlying Upper
Floridan aquifer is too salty for potable use, especially
in Charlotte and Sarasota Counties. The intermediate
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APPROXIMATE BOUNDARY OF THE INTERMEDIATE AQUIFER BYSTEM

Flgure 4. Potentiometric surface of the intermediate aquifer system and tha direction of grounc-water flow in the study area,
May and September 1989. {Modified from Barr, 1989a, and Knochenmus and Barr, 1990a.)
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aquifer system also is used as a source of water for
irigation in De Soto, Manatee. and Hillsborough
Counties where hundreds of irrigation welis are open to
the intermediate aquifer system and the Upper Floridan
aquifer.

The Floridan aguifer system is a vertically
persistent sequence of Tertiary-age carbonate rocks of
generally high permeability that are hydraulicatly
connected in varying degrees and whose permeability
is several orders of magnitude greater than that of the
rocks that bound the aquifer above and befow (Miller,
1986, p. 45). The system consists of the Upper
Floridan aguifer, the middle confining unit, the Lower
Floridan aquifer, and the sub-Floridan confining unit
(fig. 2). The Lower Floridan aquifer generally contains
saltwater throughout the study area and is not used as a
source of supply. With the exception of some coastal
areas and areas in Charlotie and southwesiern Sarasota
Counties. the Upper Floridan aquifer is the major
source of potable water throughout west-central
Florida. The Upper Floridan aquifer thickens from
north to south. ranging from abous 600 ft thick in Levy
County 1o 1400 i thick in Sarasota and Charlotte
Counties (Miller. 1986. Pl. 28).

Hydrogeologic conditions in the Upper Floridan
aquifer in the northern part of the study area are
considerably different than conditions in the southern
part. Confining units are thin or discontinuous in the
northern part, allowing rapid recharge to the underlying
limestone. As a result, secondary porosity along
bedding planes or fractures in the limestone are highly
developed, particularly near the many springs that
discharge along the coast. Hydraulic conductivity is
much higher in solution-widened channels than in other
parts of the aquifer, resulting in a wide range in
transmissivily within the aquifer. Transmissivity of the
Upper Floridan aquifer in the northern part of the study
area is estimated to range from 20,000 ft%/d in Levy
County to more than 800,000 £12/d near the Hernando-
Citrus County line (Ryder, 1985, pl. 1). In the southem
part of the study area, the thicker, more continuous
nature of confining units retards the development of
large solution channels in limestone; consequently,
variation in transmissivity there is not as great and

ranges from 20,000 to 300,000 fi/d (Ryder, 1985, pl. 1).

The altitude of the potentiometric surface of the
Upper Floridan aquifer ranged from about 100 fr
above sea level during September 1989 in the east-
central part of the study area to more than 20 ft
below sea level during May 1989 in Manatee and

southern Hillsborough Counties (fig. 5). Head in the
Upper Floridan aquifer also fluctuates seasonally,
Fluctuations in the northern part of the study area were
only about 1 ft between May and September 1989,
whereas fluctuations averaged about 20 ft
(Knachenmus and Barr, 1990b) in the southern part of
the study area.

Direction of ground-water flow in the Upper
Flotidan aquifer in the study area is generally westward
toward the coast and Tampa Bay. A reversal of the
gradient in Manatee and southern Hillsborough Counties
during the dry season as a result of increased agricultural
irrigation, however, results in some ground water
flowing from the coast toward the depression creared in
the potentiometric surface there (fig. 5). The depression
in the potentiometric surface in May 1989 was more than
20 it below sea level. Such depressions can result in
lateral intrusion or vertical upconing of saltwater,

SALTWATER-FRESHWATER TRANSITION
ZONE

The density difference between saltwater and
freshwater in a coastal aquifer causes a wedge of dense
saltwater to extend landward and underlie less dense
freshwater. The interface batween saltwater and
freshwater is in dynamic equilibrium and moves in
response to ocean tides and variations in aquifer
recharge or discharge.

Cooper and others {1964, p. 1) stated that the
reciprocating motion of the saltwater front that results
from tidal fluctuation and fluctuation in water levels
caused by variation in recharge and discharge can
create & zone of mixing, commonly referred to as the
transition zone. They also discussed that, whenever a
transition zone exists, the saltwater is not static, but
flows perpetally in a cycle from the sea floor, into the
transition zone, and back to the sea. This theory is
supported by field evidence and solute-transporn
modeling simulations (Mahon, 1989, p, 25). This
report considers the seaward extent of the transition
zone to be where all ground water in a vertical section
of the aquifer contains a chloride concentration of
19,000 mg/1. or more, which is approximately equal to
that of seawater. The landward exient of the transition
zone is considered to be where &l ground water in a
vertical section of the aquifer contains chloride
concentrations of 25 mg/L or less (Hickey, 1981,
P-24).

8 Description and Monitering of the Saltwater-Freshwater Transition Zone in Aquifers along the West-Central Coast of Fiorida
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Landward movemnent of saltwater can occur in an
aquifer when the freshwater head at or niear the coast is
lowered. Long-term ground-water withdrawals from the
aquifes, reduced recharge, and ground-water discharge
to large coastal springs can lower the freshwater head,
thereby increasing the potential for saltwater intrusion.
The rate and extent of lateral saltwater intrusion are
determined by the hydraulic characteristics of the
aquifer as well as the net hydraulic gradient (the
difference between the freshwater head and the saltwater
bead). Increased withdrawals from an aquifer also can
cause saltwater to enter a freshwater aquifer by vertical
intrusion, or upconing, from the deeper leading edge of
the saltwater wedge or from lower formations that might
contain residual scawater. Upconing also may cause
highty mincralized water containing chemical
constituenis dissolved from evaporite deposits to move
into overlying freshwater aquifers.

Configuration of the Transition Zone

This section delineates the landward extent of
the saltwater-freshwater wansition zone and the
position of the 250-mg/L. line of equal chloride
concentration in the production zones of the
intermediate aquifer system and the Upper Floridan
aguifer between 1987 and 1990. The 250-mg/L tine of
equal chloride concentration has been referred to as the
saltwater-freshwater interface in a report by Causseaux
and Fretwell (1982) and is delincated here because 250
mg/L is the drinking water standard recommended by
the Florida Department of Environmental Regulation
(1985). Production zones in the intermediate aquifer
system and the Upper Floridan aquifer were estimated
using driller's completion reports and borehole
geophysical Jogs to determine the average depths of
wells in an area. '

Saltwater-Freshwater Transition Zone 9
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The transition zone in the intermediate aquifer
system extends about 5 mi intand from the coast in west-
central Hillsborough County. The zone widens to the
south and extends across Sarasota, De Soto, and
Charlotte Counties (fig. 6). The 250-mg/L. line of equal

chioride concentration in the intermediate aquifer system
generally parallels the coast from Hillsborough County 1o
southern Sarasota County and then turns southeastward
through Charlotte County and northeastward through the
southeastern comer of De Soto County (fig. 6).
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The transition zone and the 250-mg/L line of
equal chloride concentration in the Upper Floridan
aquifer extend only a few miles inland from the coast
in the northern past of the study area (fig. 7), except in
the vicinity of major discharge areas such as the Cross
Florida Barge Canal in northern Citrus County and the
springs at Crystal River and Homosassa Springs,

83*

Chassahowitzka Springs, and Weeki Wachee Springs
in southern Citrus and central Hernando Counties
{fig. 8). The transition zone extends across all of
Pinellas County and extends less than 10 mi infand
from the coast through Hillsborough County. The zone
widens south of Hillsborough County and extends
throughout most of Sarasota and De Soto Counties and
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Figure 7. Approximate landward axtent of the tranaition zone and the lecation of the 250-
milligrarm-per-liter line of equal chioride concentration in the production zone of the Uppet

Fioridan aquiter, 1987-80.
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all of Charlotte County. The 250-mg/L line of equal Water with a chloride concentration of 250 mg/L
chloride concentration in the Upper Floridan aquifer or less occurs in the intermediate aquifer system near
generally runs parallel 1o the coast in Pinellas, the coast from Hillsborough County to southem

Hillsborough, Manatee, and most of Sarasota Counties Sarasota County and in the Upper Floridan aquifer
and then tuns eastward through southern Sarasotaand  from Levy County to southern Sarasota County (figs. 6
De Sotc Counties (fig. 7). and 7). The zone of water in the intermediate aquifer
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Figurs B. Locations of test sites, major aquiter discharge points in the northarn part of the
study area, and sections where chloride concentrations were examined in the production
zones of the intermediate aquifer system or the Upper Floridan aquifer, 1987-90.
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system that contains less than 250 mg/L of chloride
extends into central Charlotte County. There are
virtually no areas in Charlotte County where the
concentration of chloride in water in the Upper
Floridan aquifer is less than 250 mg/L (fig. 6 and 7).

ALTITUDE, IN FEET ABOVE OR BELOW SEA LEVEL

Figure 8. Chioride concentrafions in water in the Upper Floridan aquifer along the northern coast of the study
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concentration of chioride in the water indicates that the
aquifer has been flushed of residual seawater. Water
quality within the transition zone in this area. therefore,
reflects a mixture of seawaiter and freshwater.
Specific-conductance and chloride-concentration
values in ground water are usually higher toward the
coast and increase with depth where the saltwater
wedge underlies freshwater. The locations of sections
where the stratification of chloride concentration were
examined are shown on figure 8. Chioride
concentrations in water along selected sections of the
northern coastal margin shown on figure 9 demonstrate
this point.

Freshwater in the intermediate aquifer system
and in the Upper Floridan aquifer in the southern part
of the study area generally is a calcium magnesium
sulfate type (Steinkampf. 1982). which indicates that
this water has evolved from the dissolution of dolomite
and gypsum by recharge water. Ground-water in
discharge areas near the coast grades (o a sedivm
chloride type, which could be the result of incomplete
flushing of residual seawater from the aguifer
(Steinkampf, 1982, p. 1) or localized saliwater
intrusion. Concentrations of chloride in ground water
in section H-H through central Sarasota County
generatly are less than 250 mg/L in both aquifers
(fig. 10). Results of water-quality analysis (appendix.
wells 31-41) indicate that specific-conductance values
and sulfate concentrations range between 1,140 and
3,100 pS/cm and 350 and 750 mg/L, respectively,
possibly the result of upconing of sulfate-enriched
water rather than seawater intrusion into the aquifers.

Water-Quality Changes in Response to Head
Fluctuations

The potentiometric surfaces of the intermediate
aquifer system and the Upper Floridan aquifer fluctuate
in response to seasonal changes in recharge and
discharge. The potentiometric surfaces also fluctuate
daily in coasta) areas, possibly as a result of ocean tide
cycles. These fluctuations in water levels riay be
related to changes in the quality of the water in the
aquifers.

Monitoring wells were used to correlate the
changes in head and specific conductance resulting
from seasonal and tidal fluctuations. Wells open to
different hydrogeologic settings were equipped with
continuous water-level and specific-conductance

recorders. Five monitoring wells with contitiuous
record that exiended through at least one wet and one
dry season were selected to determine if seasonal and
daily (tidal) changes in heads corresponded to changes
in specific conductance. Tidal water-levei and related
specific-conductance data were collected at six
additional coastal wells.

The northemmeost monitoring well in the study
area that has continuous seasonal and tidal water-level
data and specific-conductance data is the TR 19-2 well
in Hernando County. This well is part of the
SWFWMD Regional Observation and Monitor-well
Program (ROMP;) (fig. 1). At this well site, the
limestone that forms the Upper Floridan aquifer is
overlain by 5 ft of sand, The surface of the Upper
Floridan aquifer is unconfined because the surficial
aquifer system or intervening confining units do not
exist here. The well is 302 fi deep. has 277 ft of casing.
and is open to a 25-ft interval, The well is about 0.5 mi
from a saltwater channel.

Daily fluctuation patterns of the potentiometric
surface in this Upper Floridan aquifer well indicate the
well is tidally affected. Heads fluctuated as much as
2 ft during tidal cycles in May 1989. Corresponding
daily specific-conductance data indicated similar
fluctuations (fig. 11) that seem to be related to the daily
water-level fluctuations. The greatest changes in
specific conduciance occurred when water-level
amplitudes were the greatest. Specific-conductance
values ranged from less than 6,000 to more than
17,000 uS/cm.

Water-level and specific-conductance data
collected at well TR 19-2 during 1989 indicate that
water levels remained fairly constant in the weil.
varying only about 2 fi during the year (fig. 12).
Specific conductance, however, varied greatly, ranging
from about 3,000 to more than 18,000 uS/cm. The
highest values occurred in May and June and again in
November 1989 and may be related 1o reduced
recharge from local rainfali or increased pumping from
upgradient wells for irrigation during the dry season.

The second monitoring well to have continuous
seasonal and tidal water-level data and specific-
conductance data is the TR 12-3 well in northwestern
Hillsborough Counity {fig. 1). Atthis well site, clay and
sandy clay form the intermediate confining unit that
separates the surfictal aquifer system from the
underlying Upper Floridan aquifer. There is no
intenmediate aquifer sysiem at this site, and the
surficial aquifer system is ot used as a source of water.

14 Description and Monitoring of the Saliwater-Freshwater Transition Zohe in Aguifers along the Wast-Centrai Coast of Florida
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ALTITUDE, IN FEET ABOVE OR BELOW SEA LEVEL

Figure 10. Chloride concentrations in water in the inlermediate
the southern coast of the study area. (Modified from Causseau
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Figure 12. Water levels and specific conductance of water in well TR 15-2, bazed on maximum dally values,
1989, (Location of well Is shown in fig. 1.)

The well is 345 ft deep and has 310 ft of casing. The Floridan aquifer in this well is tidally influenced. Daily
well is about 3 mi from the coast of Tampa Bay and is water levels in well TR 12-3 fluctuate abost 0.5 ft.
in an area of the transition zone where public-supply Seasonally, the potentiometric surface ranged from a

wells were abandoned because chloride concentrations
in the ground water exceeded 250 mg/L.

low of about 10 ft above sea level in May 1989 toa high
of about [3 fi above sea level in September 1989
Data coliected during May 1989 (fig. 13} (fig. 14). Specific conductance of water from this well

indicate that the potentiometric surface of the Upper indicates that water-leve! fluctuations from either tidal

18
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or seasonal influences have little effect on the guality
of water in this part of the transition zone.

The third monitoring well 10 have continuous
seasonal and tidat water-level data and specific-
conductance data is the TR 10-2 well. It is in west-
ceniral Hillsborough County (fig. 1) about 2.5 mi east
of Tampa Bay. The monitoring well was completed in

the intermediate aquifer system and is 125 ft deep with
115 ft of casing., Water-level and specific-conductance
data were collected from December 1987 through July
1988. Water in the underlying Upper Floridan aquifer
is highly mineralized (Sutcliffe and Thompson, 1983),
is not used as source of supply, and is not monitored.
Also, the surficial aquifer system is not monitored

Saliwmisr-Freshwater Transition Zone 17
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because it has limited yield and is not used as a source
of supply in this ares,

The potentiometric surface of the intermediate
aquifer system in well TR 10-2 is tidally influcnced;
however, water-leve] data collected during February

1988 (fig. 15) indicated that daily fluctuations were
about 0.2 ft. Water levels between December 1987 and
July 1988 {fig. 16) ranged from about 6 to 9.5 fi above
scalevel. Corresponding daily and seasonal specific-
conductance data indicate that water quality in the
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Figure 15. Water levels and specific conductance of water in well TR 10-2, basad on hourly measurements,

February 1988. (Location of well Is shawn in fig. 1.)
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intermediate aquifer system at this well site is not
affected by fluctuations in the potentiometric surface.

The two southernmost monitoring wells 10 have
continvous seasonal and tidal water-leve! data and
specific-conductance data are at Englewood in
southwesiern Sarasota County (fig. 8). Three aquifer
systems exisi at this welisite. The surficial aquifer system
consists of about 25 ft of sand with interbedded clay, marl,
and shell fragments and may have multiple water-bearing
zones. The surficial aquifer system is used es & source of
water supply in the Englewood area. The imermediate
aquifer system consists of deposits of Miocene age that
form multiple water-bearing units separated by
semiconfining units and is approximately 6§00 fi thick at
the well site. Water in some zones of this aquifer system
is salty; however. it is used as a source of supply to
Teverse-0smosis treatment plamts, Water in the Floridan
aquifer system is highly mineralized. is not used as a
source of supply in this area, and is not monitored. Data
were collected from February 1989 through May 1990
from a well open to the surficial aquifer system and from
August 1987 through May 1990 from a well open 1o the
intermediate aquifer system. The surficial aquifer system
well is 15 fi deep with 10 ft of casing and 5 ft of screen.
The intermediate aquifer system well is 70 ft deep and has
40 ft of casing.

The surficial aquifer system is unconfined and is
not tidally influenced at this well site; however, the
aquifer is recharged locally and the water table responds
rapidly to rainfall. Water-level data for March 1989 (fig.
17) indicate a 1.5-ft risc in the water table on March 3,
apparently the result of 3 days of rainfall between March
1 and 3 that deposited about 3 in. of rain over the area
(National Oceanic and Atmospheric Administration,
1989). A rise in the potentiometric surface of the
intermediate aquifer system also was observed during this
same period, the result of recharge or Joading changes
from the overlying surficial aquifer system. The
potentiometric surface of the upper part of the
intermediate aquifer system at this site is confined and is
tidally influenced. Daily water-level flucruations in this
well are about 0.5 . Seasonai water-level data for 1989
(fig. 18) indicate a high degree of paralielism in both
wells, which indicates a good interaguifer connection
exists at the well site. Comresponding daily and seasonal
specific-conductance data (figs. 17 and 18) indicate that
head fluctuations tesulting from tides, rainfall, or seasonal
wet and dry periods have minimal effect on the specific
conductance of the water in either aquifer system. The
mean specific conductance for 1989 was 600 puS/cmin the

surficial aquifer system and 1,200 uS/cin in the upper part
of the intermediate aquifer system.

Six coastal wells were used to supplement data
from the long-term monitoring wells and to document the
influence of tides on water quality in the intermediare
aquifer system and the Upper Floridan aquifer (fig. 19).
‘The wells in Manatee and Sarasota Counties are open 1o
the intermediate aquifer system and the wells in Levy,
Citrus, and Pinellas Counties are open to the Upper
Floridan aquifer. Data indicate that water levels in all six
wells are tidally influenced. The Crystal River deep well
is open 1o the Upper Floridan aquifer and seems to be the
only well with a corresponding tidal influence on water
quality. The well is 176 fi deep and is completed near the
saltwater-freshwater interface.

Data from the long- and short-term monitoring
wells indicate that water levels in many coastal wells
may be affected by tidal influences. Specific-
conductance data. however, indicate water quality in
only a small number of wells may be similarly affected.

Chioride Concentration Trends in Ground Water

Concentrations of chloride in ground water have
been monitored by the USGS at selected wells along the
coastal margins of the SWFWMD for many years.
Chloride-concentration trends for samples collected
between 1970 and 1990 from 23 of these wells are shown
in figures 20 and 21. On each plot, a line that represents
the results of a simple lincar-regression analysis is
superimposed on the data points to indicate possible long-
ferm trends.

Wells | through 10 (fig. 20) are open only to the
Upper Floridan aquifer. Concentrations of chlonide in
water samples from wells 1, 2, and 4 in Citrus and
Hemando Counties have remained virually unchanged
from 1970 1o 1990. Water samples from well 3 in Ciorus
County, however, had a slight increase in chloride
concentration during this period. In Pasco County,
chloride concentrations in ground water are increasing at
some wells and decreasing at others, The chloride
concentration in water samples from well 6 increased
from about 8,500 mg/L in 1975 10 about 12,000 mg/L in
1987, whereas chioride concentrations in water samples
from well 7 decreased from 100 to 50 mg/L during the
same time peried. This decreasing trend may have
resulted from the discontinued use of some coastal public-
supply wells. Trends indicate increasing concentrations
of chioride in wells in Hemnando and Pinellas Counties
(fig. 20).

Saltwater-Frashwater Transition 2one 19
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Chloride concentrations in water from 13 wells
open to gither the intermediate aquifer system or the
Upper Floridan aquifer in Hillsborough, Manatee, and
Sarasota Counties ranged from 5010 7,000 mg/L (fig. 21).
The concentrations of chloride in water samples from

-
N

well 11, a 1,120-ft-deep well in northwestem
Hilisborough County, increased from 4,000 mg/L in 1983
to about 7,000 mg/L in 1989, Chloride concentrations in
water from well 12, a nearby 80-ft-deep well, decreased
from 350 1o 100 mg/L between 1976 and 1989.
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CHUORIDE CONGENTRATION, IN MILLIGRAMS PER LITER

Figure 21, Trends in chioride concentrations in
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Continuing fand-use change in this area, which has
resulted in less reliance on the upper part of the Upper
Floridan aquifer for irrigation and domestic supply,
could have resulted in the improvement in water
quality in this part of the aquifer. Conversely, heavy
pumpage from the well fields north and northeast of
this area can be contributing to the increasing trend in
chloride concentrations ai the edge of the transition
zone in the Jower part of the Upper Floridan aquifer.
Resuits of analyses of water samples from well 13 in
central Hillsborough County indicate a gradual
increase in chloride concentration from 50 to

100 mg/L between 1971 and 1990.

Wells 14 and 15 in southern Hilisborough
County are open only to the intermediate aquifer
system. The concentration of chloride in water
samples from well 14 has remained virtually
unchanged in 18 years; however, concentrations of
chloride in water samples from well 15, about 4 mi
south of well 14, have increased. Well 15 is in an
agricultural area and localized. extended pumping for
irrigation may be contributing to this trend.

Two deeper Upper Floridan aquifer wetls, 16
and )6a, are about 2 mi south of well 14. Well 16 is
525 ft deep and is finished in the Suwannee Limestone;
well 16ais 779 ft deep and is finished in the Avon Park
Limestone. Chloride concentration in water from wel!
16 has increased from 140 to 250 mg/L. from 1987 to
1990, whereas chloride concentration in water from
well 16a has increased from about 600 to more than
1,500 mg/L during this same period. Both wells are
downgradient of an agricultural area, and saltwater
intrusion inte the Upper Floridan aquifer as a result of
nearby long-term pumping for irrigation may be
causing the increased chloride concentrations.

Chloride concentrations in water from wells 17,
18, 20, 20a, and 21 have remained unchanged or have
increased only slightly. Chloride concentration in
waler from well 19, completed in the intermediate
aquifer system in northern Sarasota County, has
increased from 250 mg/L in 1980 to 500 mg/L in 1990
(fig. 21).

MONITORING THE SALTWATER-
FRESHWATER TRANSITION ZONE

Methods used to obtain water samples or to
determine the suitability of a well for sampling vary
between organizations, individuals, and from site to
site. Water sampies from transition-zone monitoring

welis have been collected by pumping from land
surface through a short length of hose or pipe insened
into the casing, by airlift or centrifugal pump through
small-diameter drop pipes set to a specific depth, or by
grab samples collected from a specific depth using a
thief sampler. Additionally, common sampling
practices include evacuating three casing volumes or
three borehole volumes (casing volume plus volume of
water in the open-hole section) of water from the well
before collecting the sample, purging the well for some
specified period of time, or purging the well until pH.
ternperature, and specific-conductance valuesstabilize.
Differing well characteristics, such as multiple
production zones, length of the open hole section. total
depth and casing, and the position of the saltwater-
freshwater interface to the bottom of the well, also can
affect the results obtained by sampling procedures.
Well construction and producing zones in wells
selected for monitoring is often not verified before
samples are collected. Therefore, tests were designed
10 document variations in sampling results that might
be caused by differing sampling methods or well
characteristics,

Sampling Methods and Well Characteristics at
Three Test Sites

Wells completed in three different hydro-
geologic settings were selected for testing. The tests
were conducted at the Tampa Police Pistol Range in
northwestern Hillsborough County, at 1 1th Street and
Oregon Avenue in the city of Sarasota, Sarasota
County, and at Apollo Beach in southwestern
Hiltsborough County (fig. 8). The Tampa Police Pistol
Range well is representative of wells in the northem
part of the study area where the Upper Floridan aquifer
is close to land surface and is not overtain by a thick
intermediate confining layer or the intermediate aquifer
system. The 11th Street and Oregon Avenue well is
representative of many wells in the southem part of the
study area that are completed only in the intermediate
aquifer system. The well at Apollo Beach is
representative of many wells in the middle and
southern part of the study area that are open to the
intermediate aquifer system and the Upper Floridan
aquifer.

Existing conditions in each well were assessed by
using specific-conductance logs, flowmeter surveys, and
continuous water-leve] and specific-conductance
reconders. Specific-conductance profiles identified zones

24 Description and Monitoring of the Saltwaler-Freshwater Transltion Zone In Aquifers slong the Wesi-Central Cossl of Fiorids
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where water quality seemed to change, and flowmeter
surveys identified probable flow zones. Flowmeter
surveys were conducted in steps, at increasingly higher
pumping rates, to document any effects that increased
stress might have on the zones contributing water 10 the
well. Probes from the specific-conductance recorder were
set at flow zones or zones where water quality changed.
Water-level data also were recorded continuousty to
correlate possible changes in specific conductance with
water-level changes.

The first phase of testing consisted of collecting
and measuring the specific conductance of ground-
water samples through a 0.5-in. polyvinyl chloride pipe
placed at depths corresponding to flow zones or zones
were water quality changed. This pipe is commonly
cailed a drop pipe. The bottom of the drop pipe was
placed at the shallowest depth first, and samples were
collected at one, two, and thres pipe volumes and then
at selected time intervals thereafter. The drop pipe was
then lengthened and the procedure was repeated until
samples were coilected from all zones.

During the second phase of testing, samples
were collecied by pumping the well from land surface
at various rates using centrifugat pumps equipped with
short lengths of intake hose inseried into the top of the
casing. Samples were collected at one, two, and three
casing volumes; one, two, and three borehole volumes;
and at selected time intervals thereafter. Pumping rates
were increased 1o increase the stress on the aquifer as
the test progressed. Recovery time was allowed
between various steps of the 1est and geophysical
logging was conducted periodically throughout the test
to document any changes occurring in the well.

Tampa Police Pistol Range Test Slte

The first test site was at the Tampa Police Pistol
Range in northwestemn Hillsborough County (fig. 8).
The well at this site was installed by the WCRWSA as
a mansition-zone monitoring well. The test site lies
between Upper Tampa Bay and a public-supply well
field that provides water to Hillshorough County
residents. Approximately 65 £t of unconsolidated sand,
silty sand, peat, and organic rich clay make up the
surficial aquifer system and the intermediate confining
unit that overlie the Upper Floridan aquifer in this area.
‘The intermediate aquifer system does not exist at the
test site. The well is 420 ft deep with 100 fi of casing.

Continuous specific-conductance data collected
on June 18 and 19, 1989, indicated somne fluctuation in
specific conductance with time in this well (fig. 22).
Comresponding water-level data were not available.
Flow zones, or zones where water quality changed,
previously were identified at depths of 110, 230, 270,
325, and 390 fi using borehole-geophysical logs;
however, samples were collected only from depths of
116, 230, 325, and 380 fr. The flow zone at a depth of
270 ft was not sampled because water quality did not
appear to change between 230 and 325 ft. A specific-
conductance log (fig. 232) was recorded prior to the
start of the test on June 20, 1989, at 0600 hours and
indicated that specific-conductance values at each of
the sampled zones were 850, 945, 1,550, and
1,925 uS/cm, respectively.

The first zone was sampled just below the casing
through a 110-ft drop pipe. Specific conductance
measured at the stant of the test was 890 uS/cm, and,
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Figure 22. Variation in specific conductance of water at depths of 110, 230, 325, and 380 feet In the Tampa Police Pistol

Range test site well, June 18-19, 1889,
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Figure 23. Specific-conductance and fiow logs from the well at the Tarmpa Police Pisiol Range test site, June 1989.

after 11 minutes of pumping at a rate of 4.6 gal/min, the
specific conductance stabilized at 850 pS/cm.
Pumping was terminated after 30 minutes (table 1),
Eleven minutes of pumping was approximately
equivalent 10 50 gal, or 44 drop-pipe volumes, of water,
which indicates that some of the water in the borehole
alsg was purged before the ground water was sampled.
Watcr entering the drop pipe probably came from the
borehole above and befow the bottom of the drop pipe,
as well as from the flow zone at a depth of 110 ft.
Specific conductance of the samples stabilized when
flow paths to the drop pipe stabilized,

The drop pipe was lowered to a depth of 230 fr,
and specific conductance measured after 1 minute of
pumping was 905 uS/cm. Specific conductance of
samples collected during pamping continued to
inerease slowly, but did not swabilize during 50 minutes
of pumping at 3.1 gal/min. Specific conductance was
1,280 uS/cm at the time pumping was terminated.
Water entering the drop pipe at this depth seemed to be
moving up the borehole from a deeper, more saline
zone.

Specific conductance measured at a depth of
325 ftafier 2 minutes of pumping was 1,270 uS/cm. At
this depth, the specific conductance of the ground-water

sample stabilized after one pipe volume at a value of
1,570 pSjem. The specific conductance remained
constant during the 23 mimutes of pumping at 2.4
galfmin. Water entering the drop pipe might be
representative of the formation at this depth,

Specific conductance of water samples collected
from 390 ft remained a1 1,970 puS/em during the first
10 minutes of pumping at 2.1 gal/min, then increased
slowly and stabilized at 2,045 pS/cm afier the well had
been pumped for 23 minutes. At this depth, 23 minutes
of pumping is equivalent to approximately 48 gai, or
11 pipe volumes, of water, which indicates that warer
entering the drop pipe could be moving from another
parn of the borchole and might not be representative of
the formation at this depth.

A specific-conductance log was recarded at the
end of this phase of testing on June 20, 1989, &t
1800 hours to record changes that had occurred in the
well 4s a result of pumping (fig. 23b). Specific
conductance measured with the logging tool a1 depths of
110 and 325 ft was 850 and 1,570 pS/cm, respectively,
and agreed with the pomped samples. A value of
1,125 pS/em was measured at 230 ft with the logging
tool in contrast with the pumped sample from this depth
of 1,280 uS/em. Specific conductance at this depth

»n memmumnmtmmmwammwmmmum
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might have decreased slightly because water was no
longer being drawn from lower zones. Specific
conductance al a depth of 390 fi was 2,560 uS/cm;
however, the pumped sample from this depth stabilized
at 2,045 pS/cm. The specific-conductance log shows a
sharp increase in specific conductance at depths
between 370 and 390 fi. When the well was pumped
through a drop pipe, water with a lower specific
conductance might have been drawn down the
borehole to the bottom of the drop pipe rather than up
from the zone below. The drop pipe was removed and
the well remained undisiurbed overnight.

Table 1. Specific conductance of and chloride
concentrations in ground-water samples collected through a
drop pipe at the Tampa Police Pistoi Range well, June 20,
1969

[gal/min. galions per minuee: PS/cm. micTosicmens per centimeler at

25 degrees Celsius: mg/L. milligrams pes liter: DPV. drop pipe volume:
--. R data}

Sampling

‘[’f'.":‘" Pumping Pumped Elapsed
below iy voluma time

Specific Chioride
condue- concer-
tration

1
lang (9s¥min) (minutes) (uSiem)  (mgl)
suriace)
10 4.6 1DPV (.25 290 165
2DPY .50 &85 159
IDPY 5 870 158
24 DPY 5 860 150
40PV 1] 850 -
121 DPY 30 850 140
230 3 | DPV 1 905 146
2DPV 25 1135 116
3DPV 4 1.130 217
12DPV 9 1,150 224
26DPV 20 1.22% 242
65 DPV 50 1.280 257
128 24 1 DPV 2 1270 150
2DPV 5 1,570 339
3DPV 7 1570 343
SDPY Il 1.570 340
16 DPV 23 1570 341
390 2.1 1 DPY 2 1,575 333
2DPV 3 1970 463
3DPV 6 1970 451
5DpY 10 15970 472
HBPY 23 2,045 -
ISDPY 32 2,045 475
I6SDPY M 2.045 467

A specific-conductance log recorded the
following day. June 21, 1989, before the next phase of
testing began indicated that specific conductance in the
well had retumed 1o near prepumping conditions
(fig. 23c). The well was then pumped at 13, 38, 128. and
131 gal/min using various centrifugal pumps. Samples
were collected afier each casing volume when pumped
at 13 and 38 gal/min. At the higher pumping rates.
samples representative of single-casing volumes could
not be collected. When pumped at 13 gal/min. specific
conductance increased steadily from 875 to 1.620uS/cm
(table 2), but did not stabilize during the 146-minute
{equivalent to three borehole voiumes) pumping time.
The ending specific-conductance value was similar to a
value recorded prior (o the test at a depth of 230 fi.
Specific-conductance values stabilized a1 1,610 pS/em in
Jess than two casing volumes when pumped at 38 gal/min.
Pumping rates of 128 and 131 gal/min produced similar
results. Specific conductance of the ground water
stabilized in less than 5 minutes with values ranging from
1.560 10 1.700 uS/cm. Again. the well was allowed 10
remain undisturbed overnight.

On June 22, 1989 water quality in the well had
again recovered to near prepumpting condition. The
well was pumped at rates of 170 and 196 gal/min 10
complete the test (table 2). When pumped at *

170 gal/min. specific conductance of the samples
increased for about 25 minutes. from 1,185 to

1.630 uS/cm. befare stabilizing. At 196 gal/min.
specific conductance of the samples stabilized in less
than 5 minutes at 1.650 pSfcm. A specific-
conductance log recorded ai the conclusion of the 196-
gal/min 1es1 (fig. 23d) indicated specific-conduciance
vatues of 1,700, 2.000, 2,850, and 3,700 pS/cm.
respectively. at each of the four zones. Water quality
below a depth of 390 fi deteriorated rapidly and a
specific-conductance value of about 6,000 uS/cm was
measured with the logging tool at the bottom of the
well (fig. 23d). Under stressed conditions, more
saltwater seemed to be entering the well near the
bottom, moving up, and mixing with better quality
water that was entering higher in the borchele. Flow
Jogs indicated that, at a pumnping rate of 38 gal/min.
water entered the wel] at depths between 140 and 320 it
(fig. 23e). A1 pumping rates of 128 and 196 gal/min.
waler entered the well along the entire borehole. Most
waler seemed to enter the weil from above 275 ft at all
three pumping rates, Specific conductance and
corresponding chloride concentrations for selected
samples collected during this test are listed in table 2.
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Table 2. Specific conductance of and chioride
concentrations in ground-water saj
pumping through the casing at d
Polica Pisiol Range well, June 2

1-22, 1889

mples collected by
flarent rates at the Tampa

[galimin, gations per minwe; pS/cm, microsiemens per cemimeser it
25 degrees Celsius; mg/L. milligrams per liter; BH, bovehols volume
{volume of easing plus open hole): CSG, casing volume; .-, no data}

Pumping Elapsed Specific Chicride
rale time conductance concentration
(galimin}  volume  (minutes) (uSrcm) {mgL)
13 1CSG 12 875 143
208G 24 875 14]
31CSG 36 870 143
1BH 49 1080 183 -
2BH 97 1,265 251
3BH 146 1,620 354
38 1 CS5G 4 1,560 -
2CSG 8 1610 361
- 10 1,610 -
1BH 15 L610 -
128 1BH 5 1,680 -
2BH 10 1700 -
3BH 15 1,650 -
- 2 1,660 377
- 30 1,630 -
131 3CSG 3 1.640 354
iBH 5 1,560 343
ZBH 10 1,620 359
3BH 13 1,560 33
- 20 1.570 339
- 23 1,590 347
- 30 1,600 kL)
170 - 5 1,185 237
- 10 1,560 kx 1)
- 15 1,595 3so
- 20 1,605 354
- 25 1,655 369
- 30 1,650 -
- - 40 1,650 -
196 - 5 1,660 378
- 10 1,650 s
- 15 1,650 376

Continuous specific-conductance data were
collected at the well from July 2010 September 5, 1989,
and continuous water-leve] data were collected from
August 7 to September 5, 1989, The specific-
conductance recorder probes were set af depths of 110,
230, 325, and 390 fi. The well was again pumped on
August 9, 1989, as part of a routine sampling event by
the WCRWSA. Using a centrifugal pump, & water
sample was collected after the well was pumped for
approximately 15 minutes at a discharge rate of
30 gal/min. The water-level and specific-conductance
recorders were left in place during the sampling.
Specific conductance before pumping at depths of 110,
230, 325, and 390 ft was 750, 830, 1,190, and
1,780 uS/cm, respectively. At the time the sample was
collected, specific conductance in the borehole at each
zone was 1,120, 1,530, 2,030, and 2,790 pS/cm,
respectively. Specific conductance of the collected
sample was 1,140 uS/cm. The sample could be
representative of water from the upper part of the
barehole, or it could be a composite sampie that does
not accuralely represent the well. The well was not
pumped long enough to evacuate the entire borehole or
1o allow specific conductance to siabilize before the
sample was collecied. The well was then pumped at a
rate of 196 gal/min to record the ffects of the added
stress and following recovery. Specific conductance
stabilized during pumping in about 20 minutes at
1,480, 1,880, 2,320, and 2,950 pS/cm for the four
zones. The sample collected at land surface had a
specific conductance of 1,480 pS/cm after 40 minates
of pumping, indicating that the sample was a composite
with most of the water probably coming from the upper
parts of the berehole.

Specific conductance for each zone from July 21
to September 5 and water levels in the well from
August7 to September 5, 1989, are shown in figure 24,
Data from the recorders indicate the water level in the
well is tidally influenced, and the resulting water-level
changes affect specific conductance in the two deeper
zones. Water quality in the two upper zones under

static conditions does not seem to be affected by tidal

water-level fluctuations but is affected by pumping
(fig. 24). As aresult of the August 9, 1989, pumping
event, specific conductance in the upper zone (110 ft)
was slower 1o recover than it was in the lower zones.
Inconsistency in water-quality data could result if low
stress sampling events are not scheduled to coincide
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with specific tidal stages. A high-stress sampling
event, however, would disrupt the salinity gradient in
the well. A specific-conductance plot of samples
collected by the WCRWSA from March 1987 through
May 1989 is shown in figure 25. The range of specific-
conductance values could be attributed 1o tidal effects,
pumping rates, and duration of pumping.

To continue this well as a transition zone
monitoring well, the zone near a depth of 230 ft shouid
be monitored instead of the 110-ft zone. A drop pipe
constructed to a depth of 230 ft would reduce the time
and the size of the pump needed to sample this zone;
however, the sample would have o be considered a
composite sample because water entering the drop pipe
may not be representative of the flow zone at that
depth. Stressing the well with a higher volume pump
seems 10 result in upconing of water with high specific
conductance. The more this well is pumped, the
greater the chance that saltwater will be drawn upward,

Clty of Sarasota 11th Street and Oregon Avanue
Test Site

The second test site was at [1th Street and
Oregon Avenue in Sarasota (fig. 8). The well was
originally used for public supply, but has been
converted 1o a monitoring well for nearby public-
supply wells. The well is 479 ft deep with 43 fi of
casing and is open to the intermediate aquifer system.
The intermediate aquifer system at the test site is about
500 ft thick (Duerr and others, 1988, p. 11).

A specific-conductance log recorded prior to the
start of the test (September 26, 1989) indicated that
water-quality changes occurred near a depth of 370 f1
and below 415 fi (fig. 26a). A flowmeter survey run
while pumping the well at 60 gal/min indicated a major
flow zone exists between depths of 370 and 400 fi
(fig. 26d). Specific conductance seems to be viruatly
uniform to a depth of about 370 fi. The zones a1 300,
376, and 450 ft, which are above, in, and beiow the
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Figure 24. Water lovels and specific conductance of water in the well ai the Tampa Pofice Pistol

Range test site, July 21 to September 5, 1989.
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Figure 25. Specific conduciance measured in water samples coliectad from the well at the Tampa Police
Pistol Range test site by the West Coast Regional Water Supply Autherity, March 1987 1o May 1889,

flow zone, were selected for testing, Specific
conductance at these depths was 2,400, 2,500, and
3.100 uS/cm, respectively,

The first zone was sampled through a 300-ft drop
pipe. Specific conductance measured at the start of the test
was 2,400 uS/cm, stabilized at 2,580 uS/cm after 2
minutes of pumping {equivalent 1o two drop-pipe
volumnes), and rernained stable for {5 minutes until
pumping was lerminated (tabe 3). The drop pipe was then
lowered into the flow zone a1 376 ft. Specific conductance

SPECIFIC
CONDUCTANCE,
IN MICROBIEMENS
PER CENTMETER

SPECIFIC
CONDUCTANCE,
IN MICROSIEMENS
PER CENTIMETER

then quickly stabilized at 2,590 uS/cm after pumping for
about 3 minutes (two drop-pipe volumes) and remained
stable for 15 minutes. When the drop pipe was lowered
below the flow zonc to a depth of 450 f1, specific
conductance of the samples increased from 2,600 pS/cm
and stabitized at 3,120 pS/em after 5 minutes of pumping
(equivalent to two drop-pipe volumes). Pumping rates
through the drop pipe varied from 2.4 gal/min at 300 ft to
2 gal/min at 450 ft. A specific-conductance log run at the
end of the first phase of the test (fig. 26b) indicates that
specific conductance in the well had changed little.

SPECIFIC
CONDUCTANCE,
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Figure 28, Specific-conductance and flow

()

Oregon Avenue test site, Seplember 26, 1989,

30 Description and Manttoring of the Saltwater-Ereshwater Transition Zone In Aguiters along the West-Cantrel Coast of Florida

(c)

(d)

logs from the well at the city of Sarasota 11th Strest and



_Pag

e37]

Table 3. Specific conductance of and chloride
concentrations in ground-water samples collected through a
drop plpe at the ¢ity of Sarasota 11th Straet and Oregon
Avenue well, Septernber 26, 1989

[palfmin, palions per minute; uS/cm. microsiemens per ¢entimeter at

25 degrees Celsius: mg/L. milligrams per liter; DPV. drop pipe volume:
--. no data]

Sampling -
depth Specfic Chioride
{teet P“’:::"Q Pumped Eiepsad conduct  concen:
. volume . ance tration
and (galmin) {minutes) wSem)  (mgiy
aurface)
300 24 1DPV 1 2560 320
2DPY 2 2,580 320
3DFPV 3 2,580 320
11 DPV 15 2,580
376 24 1 DPV 1.5 2580 320
2DPV 3 2,590 20
3ppv s 2.590 320
9 DPY 15 2,590 -
4350 20 1DPY 3 2,600 320
2DPV 5 3,120 450
3DPV 8 3.120 450
6 DPY 15 3120 -

The second phase of the test was started without
arecovery period because specific conductance in the
well bore had not changed significantly. The drop pipe
was removed and testing was continued by sampling
from land surface using centrifugal pumps. Samples
were collected at pumping rates of 11, 35, 45, and
73 gal/min (table 4). At73 gal/min, the water level was
drawn down below the intake hose in 6 minutes.
Therefore, higher pumping rates could not be used in
this well. Regardless of pumping rates, specific-
conductance values stabilized between 2,550 and
2,570 pS/em in two to three casing volumes indicating
that mosi of the water was entering the borehole at the
flow zone. A specific-conductance log that was
recorded during pumping (fig. 26¢) also indicates that
most of the water is entering the well at a depth
between 370 and 400 fi.

Continuous specific-conductance and water-
level data collected during October 1989 indicated that
water levels in the well may be influenced by tidal
cycles; however, water Jevels are also influenced by
pumping from nearby production wells. Specific
conductance does not seem to be affected by water-
level changes regardless of the cause (fig. 27).

Table 4. Specific conductance of and chloride
concentrations in ground-waler samples collected by
pumping through the casing al difigrent rates at the ity of
Sarasota 11th Street and Oregon Avenue well,
Seplember 26, 1982

[gak/min. galtons per minute: uS/cm. microsiemens per centimeter at
25 degrees Celsius; mg/L. milligrams per liter: RH. borehole volume
{volume of casing plus open hole: CSG. casing volume; -, no data]

Pumping Pumpsd Elapsed Spacific Chioride
rate volyme time conductance concantration
{pakrin) (minutes) {uSicm) (mgrL)
t 1C8G 10 2.550 326
2CSG 20 2.550 30
3CSG 30 1570 320
35 1 CSG 3 2.540 U
2C5G 6 2,560 320
305G 9 2570 320
t BH 34 2,580 320
45 S BH 30 2570 320
2BH L2 2,570

73 1CSG 2 2,580 320
1 CSG 3 2,570 320
2CSG 5 2.550 320

Although this wel} has only 43 fi of casing and a
large open hole section (436 fu), testing at this well
indicated most of the water being pumped is supplied
by a short permeable interval of the formation between
370 and 400 ft below land surface (fig. 26d).
Variations in sampling methods used at this site had
little effect on the water quality of the collected
samples; therefore, this well is suitable for monitering
the transition zone in the intermediate aquifer system.

Apollo Beach Test Site

A third test was conducted during November
1989 at a site near Apollo Beach in west-centrat
Hillsborough County (fig. 8). The well at the test site
originally was dritled as a public-supply well in the
early 1960's, but has not been used since 1982, The
well was reported by the Big Bend Utility Company to
be 600 fi deep with 80 fi of casing. Borehoie
geophysical logs run just prior to testing showed the
well to be only 324 ft deep with 36 ft of casing. The
well is open to the intermediate aquifer system and the
Upper Floridan aquifer. Drilling data collected by the
SWFWMD from the nearby ROMP TR 9-2 well
indicate that the surficial aquifer system overiying the

Monlioring the Sattwater-freshwater Transition Zone E 1]
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Figure 27. Waier levels and specilic conductance of water in the well at the city of Sarasota 11th Street and

Oregon Avenue test site, Octaber 1989.

intermediate aquifer system is approximately 3 ft
thick. The top of the Upper Floridan aguifer is about
269 fi below land surface.

Initial geophysical logs recorded on October 27,
1989, indicated & fairty uniform specific conductance
along the entire length of the borehole (fig. 28a), with
a mean specific-conductance value of 835 uS/cm. A
flowmeter survey that was conducted when this well
was pumped al a rate of 157 gal/min indicated most of
the water entered the well atong the borehole above a
depth of 285 fi {fig. 28c). Flow measurements made at
a pumping rate of 43 gal/min did not detect any
movement below a depth of 75 fi. Based on the
flowmeter surveys, the zones at 50, 100, 200, and
300 fi below land surface were selected to be
monitored during testing.

On November 8, 1989, a 50-fi drop pipe was
installed in the well, Specific conductance measured at
the start of the test was 700 puS/cm, but decreased
slightly to 690 uS/cm after 9 minutes of pumping

(equivalent to three drop-pipe volumes). Specific
conductance remained unchanged until pumping was
terminated afier 15 minutes (table 5). The drop pipe
was then lowered to a depth of 100 ft. Specific
conductance measured after § minutes of pumping (one
drop-pipe volume) was 820 uS/cm. This increased
slightly to 830 uS/cm after 10 minutes of pumping (two
drop-pipe volumes) and remained unchanged until
pumping was terminated after 30 minutes. The drop
pipe was then lowered 10 a depth of 200 ft. Specific
conductance measured after 1 minute (one drop-pipe
volume) was 870 uS/cm. After 3 minutes of pumping,
the specific conductance decreased slightly to .
830 puS/cm and remained unchanged until pumping
was terminated. The specific conductance of a sample
collected after 3 minutes (one drop-pipe volume) from
a depth of 300 fi was 820 uS/cm. Specific conductance
increased slightly to 840 pS/cm after 6 minutes (two
drop-pipe volumes) and remained unchanged until
pumping was terminated (table 5).
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Table 5. Specific conductance of and chioride
concenirations in ground-water samples colected through a
drop pipe at the Apolio Beach well, Novembar 8, 1988
{gal/min, gallons per minute; S/cm, microsiemens per centimerer &1

28 degrees Celnivs: mg/L. milligrams per liter, DPV, drop pipe volume;.

—. 1o dma}
M"ﬂ Spaciic  Chiorde
{tont Pmm?lng Pumpad El;::d conduct-  concen-
balow (gal/min} voluma {minutes) ance tration
land BSkemy  (mgl)
surface)

50 0.2 1 DPV 3 700 »

2DPFV 6 700 1]

IDPV 2 690 »

SDPV 15 690 ]

100 2 1 DPV 5 120 3

2DPVY 10 830 M

3DPY 15 830 34

6 DPV 30 830 -

200 24 °  1DPFV 1 870 3

2DPV 2 B50 M

ADPV 3 830 34

1t DPV 10 830 E)

300 240 1 DPY 3 820 2

2DPV 6 840 Et]

3DPV 9 840 M

6 DPY 1% 840 -

Table 8. Spscific conduciance of and chloride
e e i
g ing rates e

B:wh well, November 8, 1868
[gal/min, gallous per minue; pS/cm, microsiemens per centimeter at

25 degrees Celsius: mg/L.. milligrams per Liter; BH. borehole volume
(volumne of casing plus open hole); DPV, casing volume:; -, no dma)

Elapsed Spacific Chioride

Pumping
rate m time conductance

concentration
(uSkm) {mgAL}

(gal/min) {minutes)
9.5 1CS6 10 100 ki)
2Cs0 20 780 k)
3CSG 30 810 k]
4C5G 40 820 M
5C5G 30 820 M
47 1C5G 2 820 34
2CsG 4 820 3
ICSG L} 830 4
1BH 18 830 34
157 2C5G 2 820 -
4 CSG 4 820 35
1BH 3 830 a5
2BH 10 830 35
4 BH 20 830 -
5BH 25 830 -

SPECIFIC SPECIFIC
CONDUCTANCE, CONDUCTANCE,
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Figurs 28. Specific-conductance and How logs from the
well at the Apolio Beach test sile.

The second phase of the test was started
without a recovery period because specific
conductance in this well had not changed
significantly. The drop pipe was removed from the
wetl, and testing was continued by pumping at rates
of 9.5, 47, and 157 gal/min, When pumped at
9.5 gal/min for 50 minutes (equivalent to five casing
volumes), specific conductance in the collected
samples stabilized at 820 4S/cm (table 6), Ata
pumping rate of 47 gal/min, specific-conductance
values in collected samples increased slightly after
about 6 minhutes (three casing volumes) and
remained at 830 uS/cm until pumping was
terminated. When pumping at 157 gal/min, specific
conductance remained at 830 pS/cm after 5 minutes.
A specific-conductance log was recorded on
November 8, 1989, after testing was completed. The
log indicated little change in specific conductance in
the well as a result of pumping (fig. 28b).

Continuous water-level data colected during
November 1989 indicated the welf is affected only
slightly by tidal cycles (fig. 29). Continuous
specific-conductance data were available only for
the first 6 days of November; however, because
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Figure 29. Water levels and specific conductance of water in the well at the Apollo Beach test site, November 1988.

specific conductance remained stable in all four
zones, water quality in the well secmed to be
unaffected by tidal cycles.

Most of the water withdrawn from the well
seemed to come from the intermediate aquifer
systemn, even though the well is open to the
intermediate aquifer system and the Upper Floridan
aquifer. This well and similarly constructed wells
are not good monitoring wells because water-quatity
changes cannot be linked to specific flow zones or
aquifers.

Evaluation of Test-Site Sampling Methods

Many of the wells used 1o monitor the
transition zone are constructed differently; they
might have multiple flow zZones or have significant
water-quality differences between zones, or their
levels or water quality are affected by tides. A single
sampling method, therefore, might not give
consistent water-guality results or guarantee the
sample will be representative of a discrete flow zone
in an aquifer. Many wells have long open-hole
intervals that intersect more than one permeable
zone, or the water within the borehole may exhibit
tidally related water-quality changes. The
concentration of chloride in the transition zone water
is vertically stratified; therefore, wells with long
open-hole intervals might not yield representative

samples of a specific zone. Continuous water-level
and specific-conductance recorders, as well as
specific-conductance logs and flowmeler surveys,
should be used to assess characteristics of the well
and the water within it before the well is used 10
monitor the transition zone. Wells that produce
water that has tidally related water-quality changes
could be used as moniloring wells only if the
variability that may result is controlled by
coordinating sampling to a specific tide cycle each
time.

Drop pipes can be useful in reducing sampling
time in situations where large diameter, decp wells
with short open-hole intervais would require jarge
pericds of time to cvacuate the casing or borehole.
Drop pipes are unreliable for collecting water-
guality samples from transition-zone monitoring
weils with large open-hole intervals or multiple
flow zones because of the uncertainty of where water
entering the drop pipe might originate.

Wells with long open boreholes might not
produce water from the desired interval of the
formation when pumped through the casing, or they
might produce a composite sample. Transition-zonc
monitoring wells should be constructed with short
open-hole intervals completed to & single specific
flow zone of an aquifer within the transition zone. In
areas were multiple aquifers or multiple flow zones
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in an aquifer exist, closely spaced, single wells
{nested wells) open to each zone should be
constructed to adequately document changes in the
entire vertical section of the transition zone at that
site. Such wells should then be sampled after
purging the well long cnough for specific
conductance, pH, and temperature to stabilize
{Wood, 1976, p. 4).

Transition-Zone Monltoring Network

Wells used to monitor the transition zone in
west-central Florida should only be open to small
sections of the aquifer or aquifer system because the
aquifers often contain multiple water-bearing zones
with differing water-quality characteristics. However,
few wells that are available as monitoring wells are
constructed in this manner. Many wells in the southern
counties are open lo more than one aquifer, or to more
than one water-bearing zone within an aquifer. Wells
open 10 more than one aquifer are not useful for a
saltwater monitoring network, but wells open to more
than one water-bearing zone within an aquifer can be
vsefu) if more suitable wells are not available.
Although water samples from these wells are
composite samples, waler-quality data collected over
time could be useful in determining if water quality
were changing. In areas where water-quality data from
these wells show changing conditions, installation of
new monitoring wells open to short, discrete intervals
of the aquifer should be considered.

One hundred sixty-three wells at 142 sites were
chosen for inclusion in a transition-zone monitoring
network. The wells were chosen based on location
(spatial distribution within the study area), well
construction, present and historical water-quality
data, and accessibility to the well. Some of these
wells have open-hole sections of more than 100 ft,
have multiple flow zones, or have chloride
concentrations greater than 250 mg/L. They were
included in the network because more suitable wells
are not available nearby. The network was divided
into primary and secondary monitoring networks to
separate the most suitable wells from the less suitable
wells. The primary monitoring nerwork (fig. 30)
consists of 57 wells at 50 sites (table 7). Seven of
these sites have two wells open to either different
aquifer systems or different water-bearing zones of a
single aquifer. The secondary monitoring network

(fig. 31) consists of 106 wells at 92 sites (table 8).
Fourteen of these sites have two wells each open to
different aquifer systems or different zones within an
aquifer. The secondary sites are generally less
desirable because chloride concentrations are greater
than 250 mg/L or well-construction data are
incomplete, These wells were included in the
network as backup or interim sites in the event that
primary sites became inaccessible or otherwise
removed from the nerwork.

Data for the transition-zon¢ monitoring
network has been provided to the SWFWMD and the
network has been included in their Coastal Ground-
Water Quality Monitoring Program under the
Ambient Ground-water Quality Monitoring Program.
The monitoring network initially was sampled by
SWFWMD personnel in March 1991, The results of
this sampling were published by the Southwest
Florida Water management District (1991). The
SWFWMD plans to continue to monitor the network
and, following sampling cvents, to publish the results
(Eric Dehaven, Southwest Florida Water
Management District, written commun., 1992).

SUMMARY AND CONCLUSIONS

The hydrogeology within the 6,600-mi? study
area varies considerably. In the north, a thin layer of
clastic deposits directly overlies the Floridan aquifer
system. A continuous surficial aquifer system in this
area is nonexistent, and the Upper Floridan aquifer is
unconfined. South of central Pasco County, a clay
layer composes the intermediate confining unit that
separates the surficial aquifer system from the
underlying limestone of the Upper Floridan aquifer.
The intermediate confining unit thickens southward,
changes lithology, and becomes the intermediate
aquifer system. In the scuthernmost part of the study
area, the intermediate aquifer system is a leaky,
semiconfined system that is composed of several
carbonate water-bearing zones and ranges from about
100 to more than 800 ft thick.

The altitude of the potentiometric surface of the
intermediate aquifer system ranges from about 110 ft
above sea level in southeastern Hillsborough County to
less than 10 ft above sea level near the coast, The
underiying Upper Floridan aguifer also thickens from
north to south, ranging from about 600 to 1,400 ft thick.
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Figure 30. Locations of primary monitoring wells In the wansition zone.

The altitude of the potentiometric surface in the Upper
Floridan aquifer ranges from about 100 fi above sea
level in the east-central part of the study area to more
than 20 fi below sea level in arcas of southemn
Hillsborough and northern Manatee Counties during
extended periods of pumping for agricultural irrigation.

The density difference between saltwater and
freshwater in an aquifer results in & wedge of saltwater
that extends landward and that underlies the

freshwaler. Reciprocating movement of this saltwater
wedge and associated cyclic movement along this front
creates a mixing or transition zone, The landward
extension of the transition zone is considered 10 be where
all water in a vertical section of the aquifer contains
chioride concentrations of 25 mg/L or Jess. The landward
extent of the transition zone ranges from near the coast
in the northern pert of the study area to the eastem
boundary of the study area in the southem part,
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Tabte 7. Primary monitoring wells in the transition zone
[Locatjons of sites are shown in figure 30. ROMP, Regional Observation and Mossow-Wzll Propram: SWNN. Suwanoee Limesione: HWTH, Hawthom

Formation: TAMP, Tampa Li

OCAL. Ocala Li

¥, number; -, no data)

AVPK. Avon Park Formation: WCRWSA, Wew Coust Regional Water Supply Authority:

L Well Casiig _
Wall Identification Aguiter or
Nams
number number Gounty ?lee’:{; ?,?:S aquifer system

S 5564608 155450) State Highway 74 deep Charlone 280 193 Inermediste

b 26564508 1554503 Stnte Highway 74 imermediate Charlonie 75 b Intermediare

7 16392008204 5601 Port Charlone Utilities deep Charlolie 154 128 Imesmediate
108 " 2701 52082002801 ROMP 10 Oligacene-SWNN Chariotie N7 595 Upper Flaridin
10k 270152082002802 ROMP 10 Limesione-TAMP Cherlone 575 303 Inermediare
12 270240082235701 ROMP TR 4-2 SWNN Sarasota 4715 460 Lipper Floridan
13 27024608 1424301 University of Texas #6 De Soto 408 &3 Inermediaie
18 704 17081575601 Rob Lanc (G.V. Russel) De Solo 4] T Intermediale
18 0554082003601 Genetal Devclopment South De Sot0 1411 326 muhiple
19 170714082155201 Blackbumn tiest #18) Sarasoia 351 281 Intermediaie
Ha 27GB0BOR2170502 ROMP TR 5-1 SWNK Sarasola 5t0 492 Upper Floridan
Fill Z70B08082270503 ROMP TR 5-1 HWTH Sarasola 289 25 Inlermediae
2 XI0855082000101 VO Ranch #3 Sarasota 350 32 Intermedise
2 7211908232510 ‘Whilaker Bavou Sarasola a7 ] Intennediate
30 172120082322701 City of Sarasota 2)u & RR Sarasola 557 120 muliiple
)] 273510082345701 ROMP TR 7-| deep Manates 340 220 Intermediate
ko) 172731082414601 Anna Maria deep Manatee &70 280 multiple
3 272818082420301 Bradenton Beach i Don Flory Manatee 386 02 Intermediate
40 273458082324702 ROMP TR 8.1 HWTH Maenatec 326 ek ) Intermediale
40 27345B082324704 ROMP TR 8-1 SWNRAOCAL Manutee B&7 462 LUpper Floridan
41 27384308232 1501 SW Hillsborough #4B Hillsborough 600 - Lpper Floridan
4 274421082275401 ROMF TR 9-1 Simmens Park Hillsborough 288 134 Lpper Floridan
45a 274428082241302 ROMP TR 9-3 SWNN Hillsborough 525 289 Upper Floridan
45b 274428082251501 ROMP TR 9-3 AVPK Hillsborough 779 764 Lpper Floridan
46a 274554082233801 ROMP TR 9-2 Apollo Beach AVPK Hillsborough 765 725 Upper Floridan
a6b 274554082233802 ROMP TR 9-2 Apolio Beach OCAL Hillsborough 675 625  Upper Floridan
51 7490408242360 Milker tKenneth City } Pinellas 5 143 Upper Floridun
2 274910082380401 Shorecrest High School Pinetlas 140 90  Upper Floridan
L18 275212082304601 McKay Creek #53 Pinellas 120 . Upper Floridan
&4 275402082222701 ROMP TR 10-2 deep Hilisborough 125 115 Lipper Floridan
L 275438082463001 ROMP TR 13-1 OCLA Pinetlay 540 320 Upper Floridan
§9h 275458082454001 ROMP TR 13-1 SWKN Pincllas 264 354 Upper Floridan
Tt 275631082293801 Messina (305 5. MacDill) Hillsbrough 150 84 Upper Floridan
] 175705082222001 ROMP TR }1-2 §WNN Hillsborough 315 300 Upper Floridan
T 7573908246260 Clearwater production #1¥ Finellas 183 88 Upper Floridan
85 280111082453501 Clearwater #18 (W-4386) Pinellus 173 76 Upper Floridan
%0 280153082340001 WCRWSA RMP 13PZ Hiltsborough 462 612 Upper Fioridan
9% 280611082412001 Casey Ranch Pinellas. 262 - Upper Floridun
97 2807470824 52001 ROMP TR 15-2 deep Pinellas 54 50  Upper Floridan
% 280846082414301 Pinellas deep #0248 Pinetlas 740 497  Upper Floridan
103 281128062445501 Tahitian deep #3 Prsco 100 35 Lipper Floridun
108 281652082423301 City of Port Richey deep Pasco 200 104 Upper Floridan
19 281803082420501 San Clemense Fasco 125 64  Upper Floridan
nu2 282228082402001 Ciny of Hudson Pasco 100 47  Upper Flotidun
13 282519082394301 M.G. Scheer deep Pasco I3 50  UpperFloridan
s 282659082391102 ROMP TR 18-2 U, AVPK Hemando 480 465  Upper Flofidan
16 2829230823R0301 Hemando Beach supply Hernando 180 -~ Upper Floridan
17 283} 59082345801 Hemando HRS #14 Hemanda &7 42 Upper Floridan
13 283329082355801 Weeki Wachee #3 Hemando 140 133 UpperFloridan
125 284130082353501 Bemy Jay Spring well Hemando - - Upper Floridan
128 2B4551082345301 Homosassa #3 Citrus 9% 81 Upper Flaridan
130 2848030823510 Norris Citrus 50 44  Upper Floridan
133 285112082354401 ROMP TR 21-2 deep Citrus 11 105 Upper Floridan
136 2R5234082341901 ROMP TR 21-3 Deep Citrus 252 240 Upper Floridun
137 285411082361601 Crystal River shallow Citrus 53 3 UpperFloridan
140 285737082413001 Florida Power 42 Citrus 47 42 Upper Flaridan
141 2902000814 32301 ROMP 124 deep (Yankeerown) Levy 250 200  Upper Floridan
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Figure 31, Locations of secondary monitoring wella in the transition zans.
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Water quality in the Upper Floridan aquifer in the
northern part of the study area indicates that the aquifer

has been flushed of residual seawater and that water in the -

transition zone reflects & simple mixing of freshwater and
seawater. Water in both the intermediate aquifer system
and the Upper Floridan aquifer that underlies most of the
southem part of the study area is more mineralized, which
indicates a longer residence time in the aquifers,
incomplete flushing of residual seawater, and dissolution
of gypsum from deep evaporite beds. Freshwater occurs
farther south in the intermediate aquifer system than inthe
Upper Floridan aquifer.

Linear-regression analyses were run on chloride
data from ground water in 24 wells at 21 coastal sites
during the pericd 1970-90 to delineate long-term
trends. Concentrations of chloride in samples from
14 wells had increasing trends. Extended pumping for
agriculteral irrigation or public supply may be
contributing to the increasing trend noted in some of
these wells. Samples from two wells indicated the
concentration of chloride was decreasing slowly.
Concentrations of chloride in the eight remaining wells
were virually unchanged.

The effects of seasonal and tidally induced head
changes on the quality of waier in wells were
monitored &t four long-term and six short-term sites.
Although all wells exhibited daily tidal or seasonal
changes to the water levels, only two had related
changes in specific conductance. Seasonal and daily
data collected at the ROMP TR 19-2 well in Hernando
County indicase that a change in the potentiometric
surface in the aquifer will result in a change in the
specific conductance of the water in the well. The well
is used 10 monitor a short section of the aquifer that is
nesr the saltwater-freshwater interface. At the Crystal
River well site, water quality was affected by water-
level changes only in the part of the weli that is open to
the deep zone of the aquifer near the saltwater-
freshwater interface.

Three wells were selected 1o compare the
differences in sampling results that might be caused by
differing well characteristics or sampling methods.
Conditions at each well were assessed prior to testing
by using borehole geophysics and continuous water-
level and specific-conductance recorders. Probable
flow zones and zones where water quality seemed 10
change were identificd, The first phase of testing
consisted of sampling from the predetermined zones by
pumping through a 1/2-in. polyvinyl chloride drop
pipe. The drop pipe was set at the shallowest depth

first, Samples wers collected at one, two, and three
pipe volumes and then at various time intervals
thereafter depending on the time necessary for the well
1o stabilize. The drop pipe was lengthened, and the
process was repeated until all zones were sampled. The
second phase of the test consisied of pamping the well
from land surface at rates up 1o 196 gal/min. When
possible, samples were collected at one, two, and three
casing volumes, at one, two, and three well volumes
(casing plus open-hole section); and at various time
intervals when necessary to allow the well 10 st1abilize.

" The effects of tidal water-level fluctuations on the

quality of water in the well were documented at all
sites.

Sampling at the three test wells indicated a
single sampling method might not produce the desired
results. A sampling method where water is purged at a
low rate and samples are collected through a drop pipe
in a flow zone docs not guarantee consisiency or that
the sample is representative of the formation at that
zone. Drop pipes may be useful in large diameter. deep
wells with small open-hole sections. but they are
unreliable in wells with large open-hole sections or
multiple flow zones. When pumped through the
casings, wells with long open boreholes might not
produce water from the desired interval of the
formation, or they might produce a composite sample.
Transition-zone monitoring wells should be
constructed with shost open boreholes that are
completed to a single flow zone of the aquifer within
the transition zone. In areas were multiple aquifers or
flow zones exist, nesied wells should be constructed to
monitor the entire vertical section of the transition
zone, Monitoring wells should be selected that do not
exhibit changes in water quality that are related to tidal
waler-level changes. In properly constructed
monitoring wells, samples should be collected after
purging the well sufficiently to allow specific
conductance, pH, and temperature to stabilize.

A transition-zone monitoring network
consisting of 163 wells at 142 sites was established for
this study. There are 50 primary sites with 57 wells.
The remaining wells were secondary or backup wellsto
be used if primary wells became inaccessible. The
location, construction, and water-quality data for wells
selected for the monitering network were supplied to
the SWFWMD for implementation into a permanent
coastal ground-water quality monitoring program
vnder the SWFWMD Ambient Ground-Water Quality
Monitoring Program.
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Table 8. Secondary monitoring wells in the transition zone

|Locaions of siles are shown in figure 30. ROMP. Regional Observation and Monilor-Well Program; SWNN, § L HWTH. Hawth
Formaiion: TAMP. Tampa Li OCAL. OcalaLi AVPK. Avon Fark Formation: WCRWSA. West Coast Regional Watet Supply Authorily;
#. number: --_no data] .
Wl enibcation e Casitg aquiter or aquiter
Name County depth  depih 9
number number (et} fest) system
] 26500408 1581901 Berrin Nursery (CH-311) Charlotte 120 180 intermediate
X 26532108 1442601 Babeock Florida Corp, #2126 Charlotte 404 42 Intermediae
3 6550408200060 USGS C.3 Charlene 205 153 Intermediae
4 2656330821 30705 ROMP TR 3-1 L. HWTH Charlofte 400 380 intermediare
db 2656380821 30706 ROMP TR 3-1 SWNKN Charlotie 620 600 Upper Floridan
ba 265834087202401 Englewood Water District #34 Sarasonn 55 44 Imermediae
6b 265824082202402 Englewood Water District #14A Serasota 20 10 Surficial
8a 270133032034600 Pon Charlotie dp (USGS #6) Charioue 350 312 Intermediatc
i 2701 33082034602 Port Charlotte sh (USGS #T) Charlotie 89 85 Imermediae
9 J70LATOBI2AS3CN Manasora deep #14 Sarssots 305 263 Iniermedinte
1 270225081415701 Univetsity of Texas De Solp 404 N Intermedinte
14 27040108222050¢ Planation (OB5) Sarusou 176 50 Imermediae
16 270540082001 101 GDU M-2 De Soto 897 605 Upper Floridan
16b 270540082001102 GDU T-2 De Soto 496 391 Intermediane
172 0542082261801 USGS #35 Sarasola 163 36 Iniermediate
176 270543082261802 USGS #10 Sarasoux 68 38 imermediare
204 2708070821 52701 Macarthur Tract 14FS Sarasotx 550 500 Upper Flotidan
20b XI080T(M21 52702 Macanthur TRact 14GS Sarasots 300 275 Inmermediate
da 2709190822 314202 ROMP TR %2 U, HWTH Sarasois 120 100 Inlermediate
23 270919082234 105 ROMP TR 5-2 SWNN Sanasota 700 510 Upper Floridan
24 27103508228%901 Southbay LitiliLies deep Sarasta 450 220 Intermediaie
3 }71137082074801 ROMP 18 SWKN Samasota 845 505 Upper Floridan
26 27122208219530| Sarasols Historicsl Society Sarpsoia 224 44 Intcrmediate
7 271450082292601 1.Z. Mann Goif Course Sarssola 1.200 - Upper Floridan
k3 271717032332601 Martin--Siesta Key Sarasotn 488 300 Inermediate
32a 272558082360601 E! Conquisiador--Nonh Manuee 399 49 Imermediate
i 272558082360602 E! Conquistador--South Manatee 800 -- Upper Floridan
13 272618082411101 Johnson--Longboat Key Mansee 385 - intermediate
5 271307082401 501 Manaiee Fruit #3 Manales 492 262 multipte
kH 2731 34082344601 Manaiee Fairgrounds Muansies 273 216 Imermediate
ki 2TALS90823 73101 Snead’s 1siand Manatee 525 200 multiple
39 27IMT0B2354100 Horse Shor Loop—Terra Ceia Manpee 423 22 Upper Floridan
41 2737 1ROR23 1 S50 Florida Power and Light #1 Mansiee 946 104 multiple
43 274114082301701 Claprod Hillsborough 500 - Lipper Floridan
47 2460608423601 Royal Palm Corp. §-3 Pinellas 288 185 Upper Fioridan
48 374652082932201 Diacese of SI. Pelersburg Pincllax 354 190 Uppez Floridan
49 2748308223 2000 Kushmer—-Adamsville Hilisborough 143 41 Intermediale
30 27484B082461201 War Vers Memorial Park Pinellas 203 "7 Upper Floridan
53 27495208244 1001 South Cross Bayou 59 Pinelias 150 - Upper Floridan
54 274928082225501 5.W. Hills 0220 Hillsborough 35 .- Upper Floridan
55 274%43082180401 Rivicra Methodisi Church Pinellas 100 50 Upper Floridan
36 275008082442901 South Cross Bayou 515 (Buller) Pineliss 146 105 Upper Floridan
37 275012082494001 Webb (Holley) Pinellas 165 114 Upper Floriden
8 275123082381901 Liberty Baptist Church Pinellas 113 73 Upper Floridan
L3 275138082430301 Bardmoor deep Pinellas 200 106 Upper Floridan
0 2752170825000 McKay Creek MK | (Hill} Pinellas 300 - Upper Floridan
62 27522308 2195001 Bradbum Hilisborough 30 63 Intenmediate
63 275241082503901 MeKay Creek C-1 Pineliss 210 76 muhiple
L] 275416082211101 Progress Village Hillshorough 330 M muhiple
Gba 27543008243140) ROMP TR [3-2L. SWNN Pincias 352 530 Upper Floridan
b T75430082431402 ROMP TR 13-2 U. SWNN Pincliss 279 269 Upper Floridan
67 27544 3082224000 James Byrd Hillsborough 103 -- Upper Floridan
68 275458082310301 Martin Murphey {4317 San Luis) Hillsborough 205 103 Upper Floridan
70 275611082211701 Seaboard Uhilities #8 Hillsborough 302 ! Upper Floridan
72 275634082282200 Pope (108 S. Willow) Hilisborough 136 63 Upper Floridan
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Table 8. Smndazomunitoring walls in the transillion zone--Continued

[Locations of sites are shown in figure 30. ROMP, Regional Observation and Monitor-Well Program; SWNN, S Li HWTH. Hawih
Formation; TAMP, Tampa Lt OCAL, Ocala Li AVPK, Avon Park Formation; WCRWSA, West Coast Regional Water Supply Authority:
#. rumber; -, 1o dun)
- Well Casing , _
Weli Mentification Aquiter or aguiter
Nams County depih depth
num|
bet number et} feat) systam
7 275634082305700 Cleveland & Huben Hillsborough 124 - Upper Floridan
74 2756360824 50601 Cle-Dun 43 (Guess) Pinellas 140 - Upper Floridan
76 275708082463301 McCiendon Pinellas 110 - Upper Floridan
77 215724082221001 SWFWMD 5-160 Hillsborough 240 85 Upper Floridan
k] 275828082424201 King--Safety Harpor Pinellax 140 - Upper Floridan
s 275555082325801 Library desp . Hillsborough 180 94 Upper Floridan
00 275955082333802 Library shallow Hillsborough 27 - Surficial
)1 28001 5082471201 Clearwater #23 Finellas 182 68 Upper Floridan
2 280022082424901 Clearwater #7 Pinellas 297 9 Upper Floridan
3 2B0034082323701 ROMP TR 12-3 Benjamin Road Hillsborough 345 310 Upper Fioridan
84 2B0G53082350202 Sheldon Road deep Hillsborough 330 315 Upper Floridan
36 280112082270101 Tourist Club--Sultur Springs Hillsborough 318 80 Upper Floridan
47 2801 13082434501 ROMP TR 14-1 SWNN Pinellas 319 299 Upper Floridan
882 280132082452801 ROMP TR 14.2 OCAL Pinellas 460 440 Upper Floridan
#3b 280132032452802 ROMP TR 14-2 TAMP Pincllas 218 213 Upper Floridan
59 280133082415101 Cle-Dun 5 Pinellas 120 - Upper Floridan
91 230254082441602 Chenrwater #17 Pineltas 405 39 U
92 280405082451901 Duquid Pinellas 144 80 Upper Floridan
93a 2804570824 20401 Brooker Creck shallow Pinctlss S0 82 Upper Floridan
93b 2304570824 20402 Brooker Creek deep Pinellas 3¢ 300 Upper Floridan
™ 280504082365501 S1. Petersburg E-102 Pinejlas 1,200 697 Upper Floridan
95 280601082460301 810 Bee Pood Road Pinelins 11 - Upper Floridan
9 280753082465201 ROMP TR 151 Pinellas 37 68 Upper Floridan
100 280904082400302 Eastlake well field #3A deep Pinellys 1,113 670 Upper Floridan
101 240907082424801 Tarpon Road deep Pinettas 305 205 Upper Floridan
102 281)13082443801 Buena Vists Paco 90 - Upper Floridan
104 281223082442301 Methodist Church Pasco 3 21 Upper Floridan
105 2814430824 14501 Coastal Pasco #11 Pasco 421 401 Upper Floridan
1050 1314450824 14502 Coanal Pasco #11A Pasco 108 66 Upper Floridan
106 281512082423401 New Pont Richey #142 Pusco 200 120 Upper Floridan
107 2181543082421201 City of New Port Richey ¥ Pasco 200 120 Upper Floridan
no 281917082420901 ROMP TR 17-1 SWNN Pasco 139 131 Upper Floridan
m 291948082415301 Withlacoochee Electric #1 Pusco 94 84 Upper Flotidan
14 282600082392601 Magnolia Springs Hermando 110 - Upper Floridan
3 282203082370201 Presbyterian Youth Camp Hermando 5 66 Upper Floridan
19 2824 3082365701 ROMP TR 19-2 Dezp Hemando k. 173 n Upper Floridan
120 283253082322702 ‘WHCWS Monitor #1 Herando 613 598 Upper Floridan
121 283313082330101 ROMP TR 19-3 AVPK Hermando 603 440 Upper Floridan
$22 2R3527082365701 Weeki Wachee #2 Hermando 125 123 Upper Floridan
124 284113082352801 Riza Maria Spring Hemando mn 40 Upper Floridan
126 28431 7082330601 Chassshowitzka #1 Citrus 176 166 Upper Floridan
127 284457082330302 Sugarmill MZ) Ciros 358 340 Upper Floridan
129 2B4T20082345801 Homosassa Water District #1 Citrus 86 40 Uppes Floridan
£3) 28493908 2344701 Baptist Church Pastorium Clirus 60 — Upper Floridan
132 285102082341001 Ozello 4 Citrus 15 60 Upper Floridan
134 285116082351401 Ozello Water Co, #1 Citrue 100 70 Ui Floridan
134b 285116082351402 Ozclie Waier Co. cant #2 Citrus 105 L] Upper Fletidan
135 285220082354401 Crystal Shores (condos) Citrus 129 96 Upper Floridan
138 285508082365701 Incian Waters #1 Cirus 50 40 Upper Floridan -
139 2857 3082400601 Florida Power Corp, #3 Citros g8 67 Upper Fleridan
‘ 142 290230082412501 ROMP 125 deep Levy 280 270 Floridan
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APPENDIX--Waler-Cuality Data for the Transition-Zone Monitoring Wells

1Site locations are shows in figures 30 and 31, Site deseriplions are presented in tables 7 and 8. mg/L. milkigrams per liter: uS/cm. microsiemens per centimeter

a1 25 degrees Celgius; °C, degrees Celsius: --. no data)

_ Specic  Chioride,  Suifats,  Csiclom, Megnesom,  Sodium,  Potsssium, Ala-

Sim Sample ""m":' linkty,
no. dsie sncs {mgiL. imgiL (mgL {mglL imgiL (mgiL imgiL

(S/om) ma ) .80,) s e} a9 Mg) o Ma) W a8 CaCOy)

1 04-11-84 250 1,830 400 150 65 57 240 20 205
2 07-27-88 255 760 65 42 33 38 53 13 280
05-18-89 260 680 64 335 - - -- - -

3 05-18-88 270 620 % 10 - -- -- - -
09-21-88 26.0 612 84 88 k) 20 47 59 29
05-18-39 26.5 580 86 18 - - - . -

4a 05-06-86 260 3,300 920 17 110 80 380 14 150
4b 05-06-86 260 3,030 610 300 130 84 360 20 144
& 02-02-86 275 2,623 412 468 114 79 265 17 -
Sa 10-27-89 240 930 1no 100 - . - - --
3 10-26-89 260 887 120 45 - - - - -
Ga 09-22-87 - 1,580 320 44 - - - - -
05-19-88 - 2,380 530 8 - - - - -
09-13-89 24.5 976 130 24 - - - - -

6b 09-22-87 260 174 7.0 8.5 -- - - - -
05-13.89 255 160 54 12 - - -- - -

7 10-27-8% 4.5 930 220 27 - - -- - --
8a 05-22-87 -- 2930 750 280 -- - - - -
09-16-87 - 2950 20 300 - .- - - -

9 09.15-87 5.0 463 59 30 - - - -- -
11-02-87 -- 595 56 40 - - - -- -
09-12-89 25.0 589 - -- -- - - - -

192 05-15-87 27.0 1.490 200 370 100 50 120 59 12t
09-22-87 27.0 1.550 200 430 - - - - --
05-03-89 245 1.360 190 370 N 62 110 74 9%
11-28-89 30 1.540 200 390 110 60 11Q 7.2 119

10b 05-15-87 0 1,700 340 240 - s - -- -
09-22-87 20.5 1.830 380 270 - - - - --
05-03-89 250 1800 380 220 - - - - -
11-28-89 26.0 1,900 380 270 - - - - -

11 09-15-88 285 1,400 250 170 10 36 130 44 12
12 04-10-87 240 2,200 300 730 - - - -- -
09-21-87 255 2,360 320 760 - - - - -
06-20-88 280 2120 280 730 - - - - -
09-28-88 280 2,340 230 750 - - - - -
04-13-89 210 2,230 270 30 - - - - -
12-12-89 210 2.200 30 140 - - -- - --
05-08-90 265 2,200 30 750 - - - - .

13 09-15-88 260 795 130 62 68 18 64 39 146
14 06-25-81 - - 320 480 160 76 140 79 -
15 09-03-87 27.5 1,280 220 190 88 4 t00 42 143
09-12-89 - 980 220 79 - - - - -
16a  09-12-88 24.5 1,300 58 450 84 56 100 B.3 123
09-12-89 - 975 83 300 - - - - -

16b 09-12-88 253 1,140 140 230 64 34 76 54 14§
09-12-89 - 1150 140 250 - - - - -

172 11-20-87 240 1.540 140 520 - - - -~ --
05-16-89 250 1,520 130 490 - - - - -

1 09-21-87 270 5,070 110 150 - - - - --
09-12-89 270 440 100 21 - - - - -
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APPENDIX--Water-Quality Data for the Trangition-Zone Monitaring Wells--Continued

|Site locations are shawn in figures 30 and 31, Site descripiions are presented in tables 7 and 8. mg/L. milligrams per liter; pSikcm. microsiemens per centimetes
a1 25 degrees Celsiug: °C, degrees Celsius: .-, no data)

Spachic Chioride, Suliate, Calclum, Magnestom, Sodium, Potassium, Altg-

T r-
Bils  Sampls "‘:"';‘ Hnity,
no. date e ance mg (my/L. {mgiL {mgiL (mgl mp (mgiL
{uB/em) ua I} 2880, ) s Ca) a3 M) saNa) an K} s CaCOy)

18 05-17-88 255 1.220 160 270 - - - - —
03-17-89 170 1,480 210 300 - - - - -
09-14.89 - 1.490 210 300 - - - - -

i9 05-22-87 25.0 1,520 160 470 - - - - -
09-1R-87 - 1,704 170 500 - - - - -
0%-20-88 - 1.680 150 S00 - - - - -
09-22-88 - 1.350 190 370 . - - - -
05-25-89 255 1.680 170 540 140 95 7 20 161

20u 08-22-87 260 1.400 HO 480 - - - - -
09-18-87 - 1.430 10K 500 - - - - -
05-17-88 - 1.380 96 490 - - - - -
09-20-88 - 1,420 100 470 - - - -- -
05-23-89 50 1.340 35 480 - - - - -

20b 05-22-17 FER] 1360 ne 41 - - - - -
09-18.87 - 1.210 Lo kyi1] - -- -- - -
05-17-88 - 1.390 120 410 - - - - -
09-20-88 - 1,400 130 420 - -- - - -

2la 04-10-87 24.5 2400 56 1.400 - - -- - -
0R-25-87 255 2,520 L H] 1,506 - - -- - -
06-20-88 80 24350 5 1.400 -~ - - - -

a 09-30-88 80 2.490 55 1500 - - - - -
04-19-89 8.0 2.500 56 1.400 - - - - -
12-12-89 26.0 2400 56 1.4¢K} - - - - -
05-08-90 265 2,350 56 1.40 - - - - -

21 041087 26.0 2230 M 1.200 - - - - -
08-13-87 26.0 2.250 A 1.400 - - - - -
06-20-88 280 2,240 35 1,300 - - - - -
W-30-88 270 2250 3 1.300 - - - - -
04-19-89 270 2,300 35 1,300 - - - - -
12.12-89 265 2.200 35 1.200 - - - - -
05-08-90 260 2.200 M 1200 - - - .- .-

22 09-11-%0 - 120 250 460 . - - - -
23 05-06-86 26.0 1.650 5 730 220 16 40 4.9 142
23b 05-07-86 270 2,750 41 1.700 520 150 22 39 122
t0-06-87 275 2.720 44 1,400 480 140 23 39 118

24 05-19-87 26.5 - 3400 240 1,700 - - - - -
09-17-87 265 3,400 240 1,700 - - - - -
05-|8-88 - 3,250 20 1,600 - a - - -
09-20-88 - 3.440 20 1,700 - - I - -

25 09-14-8% 250 350 33 230 - - - - -
26 09-15-47 255 1.910 43 1,200 - - - - -
11-03-87 255 2050 40 1,200 - - - - -
05-17-88 255 2,150 7 1.100 - - - - -
09-20-88 - 2200 50 1,200 - - - - -
03-16-89 255 2,100 38 1,200 - - - - -

27 05-19-87 260 2900 210 1.500 - - - - -
09-17-87 250 2,150 280 1,400 - - - - -
05-20-88 - ' 2.680 250 1,200 - - - - -

28 05-19-87 55 2,500 280 890 - - - - -
09-17-87 250 2450 210 950 - - - - -
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APPENDIX--Water-Quality Data for the Transition-Zone Monitoring WaNé--Cominugd

[Site locations are shown in figures 30 and 35, Site descriptions are presented in tables 7 and 8. mg/L, milligrams per liter; wS/cm. microsiemens perceatimelsr
'8 25 degrees Celsius; °C, dtgrees Celsius; +-. no dara)

e T Specilic Chictide, Sutiste, Caicium,  Msgnesium, Sodium, Polsasium, Aka-

ature d dissolved dissoivad dlesolvad Hnlty,

no. date e ance (mpL (mg/. {mgn tmg/L {mgL {mpL tmglL
(u8/om) “ach B0, ) s Ca) as Ng) a5 Na) K} 8 CaCig)

05-19-88 - 2470 270 880 - - - -
09-20-88 24.5 2,320 270 790 - - - - -

29 11-04-87 250 1,080 150 150 - - - - -
30 05-03-89 280 2,000 200 210 - - - - -
05-04.90 28.0 2,050 200 820 - - - - -

31 06-18-87 3.5 1,140 84 350 - - - - -
06-16-88 250 1,140 85 - - - - - -
05-23-89 2715 1,140 £2 350 100 50 46 57 133
02-13-90 24.5 1,180 10O 350 - - - o
04-11-90 250 1.200 97 350 - - - - -
32a  05-29-B1 - 1370 160 - - - - - -
326 05-298) - 2,150 340 - - - - - -
09-21-87 270 2400 400 550 - - - - -

33 06-10-76 255 1.230 150 510 150 89 58 12 -
34 05-20-87 .- 1.500 200 650 - - - - -
09-17-87 - 1850 200 730 - - - - -
05-18-88 - 1.880 200 680 - - - - -

35 08-24-88 26.5 1.8% 230 530 180 86 86 56 154
3 08-03.88 26.0 1,460 150 380 130 ] 52 6.8 165
37 05-20-87 - 2,350 310 750 - - - - -
09-17-87 - 2.080 300 3 - - - - -
08-10-89 260 2260 280 740 240 935 120 4.2 130

k] 03-20-87 - 2.200 260 700 - - - - -
09-17-87 - 2,190 260 740 - - - - -
05-18-88 - 2,100 240 700 - - - - -
09-21-88 - 2,080 70 660 - - - - 144

9 06-19-87 24.5 1.880 240 530 180 75 110 2.0 137
09-17-87 - 1820 230 390 - - - - -
05-18-88 - 1,780 220 530 . - - - -
09-21.88 - 1,770 210 520 - - - - -
402 10-06-89 255 1210 66 410 130 &0 40 46 142
06-25-90 24.5 1,160 54 400 126 60 38 a4 141

41 11-06-87 250 3,100 600 610 - - - - -
42 08-15-90 25.0 1,150 63 380 - - - - -
43 04.29.85 250 1,000 k3 - - - - - -
09-16-85 240 1,080 44 - - - - - -

44 03-09-87 240 970 26 280 - - - - -
04-15.88 4.5 1,250 2 400 - - - - -
09-27.88 240 1.§70 56 390 - - - - -
04-07-89 240 78 20 390 - - - - -

44 05-17-39 4.5 1,060 24 390 - - - - -
4% 10-09-87 24.0 1,600 120 720 - - - - -
09-29-88 250 1,890 120 - - - - . -
05-17-89 135 2,420 290 920 290 130 8] 28 130
10-08-89 260 1.990 220 870 - - - - .
04-17-90 255 2,100 250 - - - - -
45> 10-09-87 260 4,400 840 - - - -
240 340 44 118

10-05-89 260 6,500 1,000 1.500

0517-89 245 S0 1200 1,500 590
0629.90 255 670 1500 - -
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APPENDIX--Water-Quality Data for the Transition-Zone Menitaring Walls--Continued

[Site bocarions are shown in figures 30-and 31. Site descriptions are presened in tables 7 and 8. mg/L.. milligrams per Yiter; pS/cm. microsiemens per centimeter
at 25 degrees Celsivg, °C, degrees Celsivs: -, no data]

Tompar Specifio Chiorida,  Sulfele,  Calchan, Mepresivm,  Sodium,  Potassiom, A
Site Sampie shae . dissoived d Nnity,
o, cae [ mos {mgL (mgiL (mgL gl (mo/L (mp (mpl
(ufom) - Ch . 80,) sa Ca) s Mg) as e} mK) 8 CaCOy)
47 09-18-75 25.3 1,580 360 49 180 27 %€ 47 -
48 09-18-75 24.6 900 140 46 110 24 37 -
49 09-22-87 24.5 1420 100 300 - - - - -
50 09-15-87 - 1120 420 37 - - - - -
06-02-83 - 1,940 450 39 160 52 97 13 183
09-29-88 24.5 1,940 440 44 - - - - -
05-17-89 40 1,380 480 4] - - - -
51 05-20-87 - 580 72 68 - - = - -
09.15-87 - 433 87 73 - - - - -
05-17-39 4.3 700 10 89 - - . - -
52 10-24-78 24.5 - 120 9.t 98 10 39 18 -
53 03-10-87 220 760 49 - - - - -
11-02-87 2.0 755 51 - - - - . -
G7-21-8% 250 761 a4 - - - - - -
54 109-30.88 25.0 2050 180 700 0 80 100 4.9 144
09-11-89 - 1,770 200 730 - - - - -
55 10-19-78 246 670 87 n 91 83 28 17 -
56 09-02-75 - 1,160 210 23 - - - - -
57 060288 245 517 4 - - - . - -
09-29-88 - 492 k1l - - - - - -
58 10-24-78 24.0 1,400 340 36 170 8.1 100 1.2 -
39 03-16-89 24.5 1,670 360 63 - - - - -
60 04.26-74 240 1,700 390 21 120 45 150 21 -
61 10-05-78 255 - 92 - - - - -
62 03-11-87 25.0 585 61 .- - - - -
06-14-89 255 515 47 - - - - - -
63 03-09-87 2.0 754 120 - - - - -
11-02.87 230 680 98 - - - - - -
64 03-06-87 235 948 180 32 - - - - -
10-13.87 35 909 180 37 - - - -
05-12-38 24.0 980 180 33 - - - - -
09-27-88 24.5 1,010 160 3 - - - - -
04-07-89 235 984 180 32 - - - - -
65 09-02-76 50 1,200 230 30 - - - - -
662  04-23-88 245 50,700 20,000 - - - - - -
08-22-38 245 51,600 20,000 - - - - - -
12-13-88 50 52,200 20,000 - - - - - -
01-30-89 250 51,700 20,000 - - - - - -
04-06-89 235 53,000 18.000 - - .- - - -
06-09-8% 255 53,000 20,000 3,100 - - - - -
66b  04-25-88 245 9,200 2500 - - - - - -
08-22.88 245 9,500 3,100 - - - - -
12-13-88 24.3 9,500 3.000 - - - - - -
01-30-8% M0 9,200 3,000 - - - - - -
04.06-89 240 9400 3,000 - - — - - .
06-09-89 4.0 9,400 3,000 80 - - - - -
67 05-1i-87 no 1,090 130 - - - - - -
06-17-88 ~ 245 1,040 130 - - - - - -
06-15-89 4.5 1,020 130 - - - - - -
68 09-14-87 - 688 8 9.0 - - - - -
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APPENDIX--Water-Quality Data for the Transition-Zone Monitoring Wells--Continued

| Site locations are shown in figures 30 and 31. Site descriptions are presented inables 7 and 8. mg/L. milligrams per liver; uSicm.

x

&t 25 degrees Celsius: °C, degrees Celtius: -, no dana} =
Tomper.  SPecific  Choride,  Sulaie.  Celolum,  Wagnashim,  Socium,  Polassium, Ak
Site  Sumpl o diagoh - ¢ dmsived Moty
na. dale e nce (mpL. (mgl. Imgit (mo {mgn imgL imgi.
{ulicm) s C) e 30y4) =»Ca) » M) a8 Ne) k) a0 CalO3)
05-16-88 - 692 76 29 - - - - -
05-19-88 - 576 73 12 - - - - -
69a  06-20-88 240 49,800 20,000 - - - - -
10-13-88 250 51,300 17,000 - - - . - -
01-30-89 250 51.200 20,060 - - - - - -
06-09-89 250 51,100 19,000 3,000 - - - -~ -
6%h  06-20.88 245 1.180 270 - - - - - -
10-13-88 24.0 1,300 300 - - - - - -
01-30-89 245 1,290 30 - - - - - -
06-05-39 245 1.400 340 20 - - - - -
0 05-11-87 240 £.050 180 &7 - - - - .
06-17-88 240 881 130 - - - . - -
06-15-89 23.5 a55 120 63 - - - - -
7t 06-01-88 290 558 s 15 86 6.3 0 1.2 2
09-21-88 - 566 kY 19 - - - ~ -
05-16-89 - 561 9 20 -- - - - -
72 05-18-87 - 690 T 18 -- - - - -
09-14-87 - 595 3B 25 - - - - -
03-16-88 - 740 9 27 - - - - -
09-21-88 730 ] 19 - - - - -
73 09-19-88 - 2 13 k) - - - - -
03-16-89 - 594 69 59 - - - . -
74 05-19-87 240 461 47 1.0 - - - - -
09-14-87 26.0 451 49 - - - - - -
05-17-88 4.5 480 48 L] - - - - -
09-20-88 260 499 55 67 - - - - -
05-15-89 240 470 54 - - - - - -
15 05.06-87 10 1.160 210 140 - - - -
10-08-87 250 1.150 200 130 - - - -
04.04.88 245 1190 200 - - - - -
07-25-88 245 1,130 200 -- - - - - -
02-06-89 245 1.170 260 - - - - - .-
05-13-89 245 1,160 200 130 100 20 110 39 157
7% 05-19-87 4.0 38} 88 34 - - - - -
09-15-87 26.0 500 920 86 - - - - -
05-17-88 245 590 82 49 - - - - -
09-20-88 260 590 90 6.7 - - — -~ -
05-16-89 24.5 484 60 - - - - - -
09-12-89 250 360 66 20 - - - .- -
” 05-14-87 40 750 100 - - - - - -
09-23-87 240 70 100 - - - - - -
03-03-88 240 785 100 - - - - - -
08-29-88 270 710 110 - - - - - -
03-02-89 26.5 745 10 - - - - - -
09-05.89 300 650 10 - - - - - -
3 05-19-87 250 679 140 - — - - -
09-15-87 280 602 87 12 - - - - -
05-17-88 245 706 130 86 - - - - -
1 05-17-88 245 m 37 63 - - - - -
05-16-89 245 544 37 - - - - - -
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APPENDIX--Water-Quality Data for the Transition-Zone Monitoring Wells--Continued

ISite locations are shown in figures 30 and 31. Site dexeriptions are presented in tables 7 and 8. mg/L, miltigrams per liter, uS/cm, microsiemens per centimeter
at 25 degrees Celsius: “C. degrees Celsius; --, no data]

Specfc  Chiorids,  Suffsts,  Cuiclom,  Megnesium,  Sodium,  Poisasiom, Alke-

G Gampe T - wndty,

no. debe e} e {mgn =g (mgiL {mgL (Mol (mpL g/
(uBicm) - Ch} - 80,) a8 Caj e Mg} e N} K =8 CaCOy)

09-14-89 250 555 39 o0 - - - . -

800 12-01-87 230 1,500 340 64 -- - - - -
09-30-88 245 1440 290 54 10 13 150 32 196

80b  09-30-88 255 890 140 26 98 6.3 3 2.3 210

81 05-14-87 26.0 690 100 24 - - - - -

82 03-15-87 230 3,280 950 - - - - - -
07-24.-87 225 2,950 840 - . - - -

06-17-88 240 3.500 1,000 - - - - -

12-08-88 230 3,300 1,000 - . - - - .
01-31-89 240 1.650 1,000 - - - - - -
05-02-8% 235 3300 940 a3 - - .- -

83 04-20-88 26.5 1.430 300 0 - - - - -
06-28-88 250 1.380 290 86 - - - - -
10-06-88 My 1,360 260 64 96 12 130 24 84
06-19-89 50 1,280 300 - - . - - -
08-10-89 2350 1,240 280 - - - - - -

B4 06-01-87 255 8.100 2,300 - - I i -

10:03-87 240 8,000 2,400 420 - . - -

06-28-88 0 8,200 2,400 - - - - - -
10-04-8§ 250 8,300 2.400 - - -- - - -
05.11.89 250 8,150 2,300 450 - - - 187

8% 05-19-87 25.0 630 86 44 - - - - .-
09-15-87 5.0 643 B6 38 - . - - -
05-17-88 240 681 92 36 - - - - -
09-20-8% 245 725 97 46 - - - - .

- 09-12-89 24.5 485 98 38 - - - - -

86 06-03-37 0 14,500 4,700 - - - - -
10-06-87 240 13.800 4,900 1,000 - - -

06-29-88 250 14200 4,200 - -- - - -
05-09-89 250 9040 2,600 610 - - - -

87 06-17-38 240 290 13 - - - . - -
10.03-88 24.5 290 14 - - - - - -
06-06-89 245 295 16 L& - - - - -
19-10-89% 245 308 18 - .- - - - -
04-05-90 245 310 19 - - - - - -

88a 06-17-88 245 30.100 19,000 - -- - - - -
10-04-88 245 30,000 10,000 - -- - - - -
05-06-89 245 30,000 10,000 1.400 - - - - -
10-10-89 245 30,000 11,000 - - - - - -
01-30-90 250 30,000 1,100 - - - - - .
04-05-90 250 31,000 11,000 - - - - - -

88b  06-17-B% 245 6,000 1,700 - - . - - -
10-04-88 245 6,000 1,700 - - - - - .
06-06-89 243 3.200 1,500 200 - - - - -
01-30-89 4.5 6,800 2,100 - - .- - - .
4-05-90 245 6,800 2,000 - - - - - -

89 05-17-79 25.0 800 130 - = - - - -

1] 05-21-89 139 9§ 11 1.5 - -- - - -

] 03-19-87 24.0 2010 510 20 - - - - -
09-14-87 24.0 1990 520 18 - -- -- - -
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APPENDIX--Water-Quality Diata for the Transition-Zene Monitoring Wells--Continued

[Site Jocutions are shown in figures 30and 35. Site descriplions are presented in 1ables 7 and 8, mg/L. milkigrams per liter: pS/cm. micrasiemens per centimeler

a1 25 degrees Celsius; °C, degrees Celsius: --. no dala)

Spacitic  Chloide,  Sulate,  Cakium,  Msgnesum,  Godum,  Polassiom, Atk
Site Sampie "'m“"" dissolved dizsotvad diasol d Tnity,
no- date ey ance {mgL (mgL {mgL {mgn. (mgL (mgiL {mgL.
(uSiom) s Ch m30,) .G a3 Mg} a8 Ne) a K) a8 CaC0y}
05-17-88 240 1,980 500 15 - - - - -
09-20-83 pLY0] 2120 500 37 - - - - -
05-16-89 4.5 1,930 500 - - - - - R
92 10-01-75 - 705 130 66 73 il 55 - -
932 06-09-87 4.0 2670 760 - - - - - -
10-06-87 4.0 2,600 770 - - - - - R
06-16-88 24.5 2.600 760 - - - - - -
10-07-88 24.0 2.800 800 - - - - - -
02-06-89 5.0 2.500 710 86 - - - - -
05-01-89 235 2.800 800 62 - - - - -
93b 046-09-87 250 4360 1.400 - - - - . -
10-06.87 2.0 4,880 1.400 - - - - - -
06-16-88 255 4.330 1.400 - - - - . -
10-07-88 24.5 4830 1.300 - - - - - -
02-06-89 250 4,800 1.300 250 - - - - -
9 06-01-87 260 400 9.7 - - - - - -
09-25.87 245 445 9.2 - - - - - -
04-2)-88 2] 420 8.3 2l - - - - -
02-06-89 240 400 1 - - - - - -
05-11-89 240 400 1 32 - - - - 191
9 06-23-88 255 2,250 620 Lo %0 32 90 715 - 102
01-10-89 s 2,130 550 100 1% 22 e 73 in2
45-10-39 25.0 2810 790 120 94 28 80 82 108
10-04-89 255 2,70 740 130 100 3l 420 80 12
9%  09-25-80 - 950 170 - - - - - -
97 06-12-87 45 910 220 kA - - - - -
10-13-87 24.0 10 170 - - - - - -
06-16-88 5.0 820 190 31 - - - - -
10-07-88 24.5 830 200 3 - - - . -
0501-89 245 820 200 EE] 43 98 96 LR 60
10-16-89 245 890 200 32 - - - - -
04-02-89 4.0 1,000 230 37 - - - - -
98 06.12.87 4.3 2020 490 2 - - - - -
10-07-88 24.0 210 540 20 - - - - -
05402-89 24.0 2,550 620 24 110 36 350 " 281
% 03-09-37 2435 552 47 - - - - - -
09-21-87 26.0 570 43 - - - - - -
03-10-38 240 360 44 - - - - - -
09-19-38 - 547 41 - - - - - .
03-01-89 - 560 30 - - - - - -
08.02-89 24.5 586 4 - - - - - .
100 03-09-87 24.5% 1040 140 - - - - - -
09-22-87 260 1,240 170 - - - ~ - -
03-10-88 %5 1,200 190 - - - - - -
09-19-88 - 1,350 20 - - - - - .
03-02-89 - 1,510 40 - - - - - -
08-01-89 24,0 1,520 160 - - - - - .
101 06-.08-87 245 340 37 - - - - - .
10-05-87 245 528 57 -- - - - - .-
06-16-88 24.5 340 58 - - - - - -
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APPENDEX--Water-Quality Data for the Transition-Zone Monitoring Wells--Continuad

[Site locations are shown in figures A and 31. Site descriptions are presented intables 7 and 8. mg/L. milligrams per liter; pS/cm, microsiemens PEF centimeIer
a1 25 degrees Celsivn: °C, degrees Celyius: --, no dwia]

Tomper- Specific Ellhnu, ‘lulh-. Edniuu. w sloclum, thulum Aka-
mure

Sl Sample Tity,
no. dre [T shos impL {mgA. imgL. (mplL {mpi (mgL (mpiL
{nliem) as Cl} o 80,) a8 Cp) b Mg) a9 MHp) K} 28 CaC0O,)
101 10-03-88 245 530 35 - - - - - -
05-02-89 24.5 540 36 16 -- - - - -
10-11-89 250 560 53 - - - - - .
04-03-50 M5 560 58 - - - - - -
102 09-09-87 29.5 540 58 13 -- - - - -
103 09-09-87 20 710 100 2 - - - - -
104 05-05-87 %0 300 42 - - - - - .-
105a 09-22-81 245 2,110 320 - - - - . -
106  09-01.71 - 770 m 7 90 16 146 4.6 -
167 05-14.76 - 670 14 - - - - - -
108 05-20-87 240 550 52 - - - - - -
09-16-37 250 688 84 12 - - - - -
109 04-07-88 250 B70 130 17 97 43 82 33 245
tio 05-13-87 255 3400 89D (L - - - - -
09-04-87 255 3.150 860 90 - - - - -
04-08-88 240 3.650 850 100 - - - - -
08-09-88 4.5 3300 10 100 - - - - -
06-13-89 245 3,400 B30 100 130 41 490 )] 236
i 05.20-87 230 423 19 48 - - - - -
09-16-87 255 355 30 59 - - - - -
112 02-19-80 230 679 110 20 69 6.3 57 1.7 -
13 09-09-87 26.0 750 13{1] 5.3 - - - - -
114 07-14-88 3.0 332 13 8.3 41 12 1.0 7 135
115 03-16-89 - 3,5000 9,000 1,900 - - - - -
Hé 03-11-88 280 350 25 5 45 5.6 13 5 111
117 09-29-88 235 695 100 n 78 23 61 3 189
118 06-25-88 3.0 3,600 1,000 10 tap 55 470 e n
103-03-88 235 3,200 870 119 - - - - -
ne 06-09-87 20 3,750 L100 - - - - -
09-08-87 240 8,500 2,700 390 - - - - -
06-24-88 235 6,550 2,000 30 - - - -
08-16-38 23.0 4,400 1,300 210 - - - - -
06-16-839 235 10,100 3.000 460 - - - - .-
08-11-89 235 37% 1,700 240 - - - - -
120 035-11-88 5.5 2,550 100 - - - - - -
09-12-89 245 2,550 100 - - - - - -
121 03-02-82 -- 323 18 - - - -- - -
04-20-90 - 380 13 - - - -- - -
122 05-15-83 - 435 3 - - - - - -
05-15-86 - 420 54 - - - - - -
123 05-15-86 - 554 38 - - -- - - -
09-18-86 - 429 37 - - - - - -
05-27-82 - 370 52 - - - - - --
i 124 07-14-38 110 514 13 36 % 14 8.6 ] 253
: 125 01-13-39 n3s 459 25 92 36 11 14 ) 1m
126 05-15-87 4.5 280 8.8 - - - - - --
08-10-87 24.5 93 7.1 - - - - -- -
06-22-88 4.0 269 1.3 - - - - - -
08-18-88 24.0 57 1.0 - - - - - -
07-13-89 235 285 8.7 - - - - - -
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AFPPENDIX--Water-Quality Data lor the Transition-Zona Monitoring Wells--Continued

[Sitc localions are shown in figures 30 and 31. Site deseri
2125 degrers Celsius: "C, degrees Celsius: -, no daia]

Pions are presented in wbles 7 and 8. mp/L, miiligrams per lirer; j15/om, microsiemens percentimeter

Tompar.  3peciic  Chioride,  EuMaia, Cawium, Wapnesium,  Sogum,  Polatsium, A

S ueme e Weah Seclved  disacved Wiy

no, dete 00 mnos {mpL (mpiL. (gL {mgiL. (mgL (mgt. (mgL
{uSiom) aa Ty - B0,) 1] »e hig) aa Ny wk) - CalOy)
09-12-89 35 60 7.7 - - - - .
05-15-90 230 323 8.5 - - - . -
08-21-90 u5 320 7.2 - - - - - -
11-15-90 4.0 310 g4 - - - - - -

127 09-22-87 240 280 78 55 - - - - -

128 109-09-87 - 820 160 25 - - - -

04.20-50 - 804 160 28 - - - - -

129 04-18-90 s 366 40 8.9 - - - - -

130 09-12-85 - 23 1t - - - - p -
06-30-88 215 540 493 18 - - - -

131 4-18-9G 230 531 L1 62 - - - - -

132 05-21-87 24.5 1.820 460 - - - - - -
09-10-87 240 1.550 400 - - - - - -
06-231-88 24.0 1.620 360 - - - - - -~
10-19-88 - 1520 300 - - - - . -
06-15-89 - 1,720 3%0 25 - - - - -
10-12-39 - 1.470 300 16 - - - - -

133 05-21-87 30 1.100 240 56 - - - - -
09-10-87 240 1,070 240 43 - . - - -
06-23-88 24.0 1,100 240 29 - - - -

133 03-11-88 235 i.120 240 30 - - -
06-15-89 230 1110 240 30 - - - -
09-13-89 235 1,110 240 29 - " - -

134a  12-02.75 235 n 43 - - P - -
06-19-80 240 28 3l 96 - - -

134b  1202-75 235 345 kL] -- - - —~

135 12.03-75 - 520 69 - - . - -

136 05-15-87 26.0 1,680 170 04 - - . - -
09-10-87 26.0 1,610 130 1 - - - - -
06-23-88 26.5 1.550 120 il - - - - -
08.11-88 260 1490 120 [} - - - -

06-15-39 26.0 1050 120 19 - - - - -
09-13-89 255 1,300 120 g8 - . - - -

137 05-15-87 230 760 83 - - - - - -
09-10-87 245 720 74 - - - - - .
04-57-88 210 750 &1 21 74 10 42 0.7 207
10-20-88 215 678 65 - - - - - -
06-15-89 21.0 820 e 25 - - - - -
10-12.89 218 667 60 20 - - - - .
06-14-90 215 1,290 280 - - - - - -
11-15.90 220 750 92 - - - - - -

138 05-10-88 230 770 100 46 - - - - —

139 05-19-87 220 430 17 - - - - - .
05-10-87 230 445 15 - - - - - -
06-23-88 215 468 15 - - - - - -
10-20-88 215 458 14 - - - - - -
06-15-39 20 4569 15 25 - - - - -
10-12-89 prXi] 465 16 22 - - . - -
06-14-90 215 462 14 - - - - - -
L1-15-90 220 452 14 - - - - - -
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APPENDIX--Water-Quality Data for the Transition-Zone Monitoring Wells--Continued

[Site Yocations are shown in Figures 30 and 33, Site descriptions are presented in tables 7 snd B. mg/L,

M 25 degrees Celsius: °C. degrees Celsius: -, no data]

milligrams pex liter; S/cm, micTosiemens per centimeter

Temper.  SPeSHic  Chicride,  Sultele,  Calcum,  Wagresium,  Bodium,  Polassiom, Alks-
Site  Gampls tiseoived b o : o d oy,
na. date 0 eind {mp (mg. (mgit. imgL {mgn [mgL. (mg.
{uS/icm) o Cl} 8 50,) s Ca) s M) a8 Na) K n CaCiOy)
140  05-19-87 220 1.350 240 - - - . -
09-10.87 230 960 150 - - - - .

06-23-88 20 1610 280 - - - . -
10-20-88 PIR 818 76 - - - - - -
06-15-89 20 2,170 460 200 - - . - -
10-12-39 220 928 110 93 - - - - -
06-14-90 21.5 3,030 730 - - - - - -
11-15-90 235 1,840 i - - - - - -
14§ 06-05-87 - 3,000 63 1,800 - - - - -
11-20-87 - 2920 60 - 1,800 - - - - -
04-29-88 - 2930 63 1.700 - -~ - - -
10-19-88 - 2,930 63 1,800 - - - - -
07-26-89 no 2,780 &5 1,800 - - - - ~
142 06-05-87 - 780 10 360 - - - -
09.23.87 - 752 9.4 360 - - - - -
03-09-88 - 758 8.0 350 - - - - -
10-19-88 760 98 340 - - - -
05-31-89 - 756 ¢ 340 - - - -
07-26-89 245 755 10 350 - - - - -
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