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1.0 INTRODUCTION

Florida Power & Light Company (FPL) and Soulh Florida Water Management District (SFWMD) agreed to
each review exisling literature and to determine the orientation of the sall water within the Biscayne
Aquifer in the vicinily of the Turkey Point Plant prior to insltallation of the Cooling Canal System (CCS,
Figure 1). The purpose of these aclivilies Is to establish a baseline of the sall water orientation before
inslallation of the CCS. This Final Report represents the culmination of that research by FPL and
SFWMD, FPL and SFMWD find that this report represents, to their best scientific knowledge based on

avallable data, the orientalion of salt water prior to the installation of the CCS.

The CCS was Installed according to the terms of a Consent Final Judgment dated September 10, 1971,
which seltled a lawsuit brought by the U.S. Department of Juslice against FPL in March, 1970, and a
counter-sult brought by FPL. In July, 1972, an Operaling License was obtained for Turkey Point Unit 3,
and cooling water for Unils 1 and 2 was diverted to the 6.5-mile long canal to Card Sound during
construction of the CCS. Unil 3 was placed into operalion in December, 1972, By February 18, 1973, the
CCS was 40% complete and was closed off from Biscayne Bay and Card Sound, i.e. the CCS
commenced operaling as a closed loop cooling system for Units 1, 2, and 3. In May, 1973, Unit 4 was
placed into operation, also utilizing lhe closed loop CCS. By Augusl, 1973, the construction of the CCS
and Interceptor Ditch (ID) was complete. By December, 1973, the 1D pumping system was operational.

FFPL installed several sets of monitoring wells and measured conductivily levels over time at various
depths in the Biscayne Aquifer. The G-Series wells and the E-Series wells were installed in compliance
with the Consent Decree. FPL Installed the F-Series wells under their own volition. Allhough conduclivity
was measured as a surrogale for chloride, mulliple chemical analyses were performed on ground water
samples taken at various depths in order to develop mathematical relalionships belween chloride and

conductivily

The E-Series Wells Moniloring Program was initiated in April, 1972, Twenty-three monitoring wells were
installed to the north, south, and east of the CCS (Figure 2). First data from the E-series wells was
obtained belwaen April and July, 1972, and were taken at depths of 20, 40, and 60 feet below the top of
each well casing (TOC).

The G-Series Wells Moniloring Program was iniliated in April, 1972. Thirly-eight monitoring wells were
installed al twenty-three separate locations west of the CCS (Figure 3). Three existing USGS composile
wells (cased with perforated PVC pipe to allow for the free flow of ground water through the well) were
also Incorporated Into the G-wells monitoring syslem, Pairs of piezomelers, at depths of 20 and 50 feet
TOC were installed at fifleen of the twenty-lhree localions (G-2, G-3, G-5, G-9, G-10, G-12, G-16, G-17,
G-19, G-28, G-24, G-26, G-30, G-31, and G-33). The remaining eight new wells (G-6, G-13, G-14, G-20,
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G-27, G-34, G-34X, and G-35) were conslructed as 70-foot deep composite wells. The three exisling
USGS composite wells incorporated into the monitoring plan (G-7, G-21, and G-28) are localed along
Tallahassee Road. Conduclivities were measured at depths of 20, 40, and G0 feel TOC in the composile
G-serles wells, and at 20 and 60 feet TOC in the G-serles piezomelers, Data are available for lhe G-

serles wells starting in April, 1972,

The F-Series Wells Ground Water Moniloring Program was also Iniliated in April of 1972. FPL installed
nine F-series wells In the area south of the CCS (Figure 4). The F-series wells are composite wells aboul
70 feat deep. Chloride data from five of the F-series wells are available starling from July —~December,
1972, at depihs of 20, 40, and 60 feet TOC.,

FPL and SFWMD have reviewed the available literature, determined which of the documents contain
relevant informalion to this study, and compiled a list of those references (see Table 1). Based on that
review, data from 23 E-series wells, 26 G-series wells, and 6 F-series wells, for a total of 54 wells, have
been ulilized lo eslimate the locations of relevant iso-conduclivily lines and isochlors in the aquifer. The
eslimalion technique and iso-contour line localions are presented in the remainder of this report.

The CCS was ulilized in closed cycle mode beginning on February 18, 1973, prior to its complelion in
August, 1973. The well monilering programs described above all began In 1972. In order to eslimate
conductivily values prior to operation of the CCS, all avallable conductivily dala values for each well and
depth helween January 1, 1972, and February 1, 1973, have heen averaged. Similarly, all available
chloride data over lhe same period of record have also been averaged. Calculations describing exact
delails of the data analysis are presented in Appendix A Calculations.
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2.0  ISO-CONDUCTIVITY AND ISOCHLOR LOCATION ESTIMATION TECHNIQUE
The references include limited tabulations of the aclual data in references 18 (hrough 23; however,
References 3 and 4 include scaled lime-history plols of the well water levels, conduclivilies, and
temperalures, and Reference 16 includes time-history plots of well water levels, temperature, and
chlorinity. The averaged conduclivily data are shown in Table 2 for the E-Series wells and Table 3 for the
G-Series wells. I'I'able 4 shows the averaged chloride data which were available for the F-Series wells,
and the limited chloride data which were directly available for the E-Series wells.

The values were inserted into GIS shape files, and plotled using color codes to differentiate hetween
different ranges of conductivity levels, at depths of 20, 40, 60, and 50 feet (Figures 5, 6, 7 and 8
respeclively). Conduclivily values at 20, 40, and 60 feet were available for all wells; values at 50 feet were
only available at the fifteen plezometer localions in the G-Series wells. Similarly, chloride values were
inserted into GIS shape files, and plolted using color codes to differentiate belween different ranges of
chloride levels, at a depth of 20 feet (Figure 9). The resultant maps were used to draw iso-conlours
(isochlors for chloride and iso-conductivily for specific conduclance) for each depth. Iso-contour line

positions are estimated by the following methodology:

1. Beginning wilh the point wilh the highest value, draw a line to a nearby point

2. Use linear interpolation to estimate the point (or points) on the line thal correspond to the
selecled lines to be shown

3. Repeat lhe process for olher points around the highest point

Sketch a smoolth curve that connects all points estimated to have the same value. Each
curve must pass through any points that have its value, and must divide the map so that
all points on one side have higher values and all points on the other side have lower
values.

Sketch a curve for the nexl value. The second curve should be simllar in shape to the first
curve and must not cross it

[&

6. Conlinue drawing lines until the entire area has been covered

The resullant iso-contour lines are shown on Figures 10, 11, and 12 for conductivily at depths of 20, 40,
and 60 feet TOC, respectively, and on Figure 13 for chloride at a depth of 20 feel.

The piezometer conduclivily levels al the 50-fool depth TOC are not numerous enough to develop

contours.

P
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3.0 DISCUSSION

Figure 10 shows the iso-conduclivily lines al the 20-foot depth. The 20,000 micro-mho per cm iso-
conductivily line on figure 10 is approximalely at the location of the Levee 31E. Virtually all of the area in
which the CCS is built Is above 30,000 micro-mho per cm, and the eastern half of that area is above
40,000 micro-mho per cm. The eastern-most porlion of the area in which the CCS is built is above 45,000
micro-mho per cm, with an isolated poinl exceeding 60,000 micro-mho per em. There is also another

isolated point exceeding 50,000 micro-mho per cm south of the CCS.

Figure 11 shows lhe Iso-conductivily lines at the 40-foot TOC depth. The 35,000 micro-mho per ¢m iso-
conduclivity line Is west of the CCS. Conductivily levels drop off to the west, until the 1,000 micro-mho per
cm line Is reached near Tallahassee Road. All of the area In which the CCS is built is above 35,000
micro-mho per cm, with values exceeding 50,000 micro-mho per cm. South of the CCS, iso-conductivily

levels exceed 65,000 micro-mho per cm.

Figure 12 shows the iso-conductivity lines at the 60-fool TOC depth. The diskribution of the iso-
conductivily lines at the 60-foot depth is similar to thal shown at the 40-foot depth in Figure 11.
Conductlivily levels In virlually all of ihe area in which the CCS was built are above 35,000 micro-mho per
cm, and most of hat area Is above 45,000 micro-mho per cm. Again, the conductivity levels drop off lo

the west, until the 1,000 micro-mho per ¢m level is reached near Tallahassee Road.

Figure 13 shows chloride values at the 20-foot depth TOC. The chloride values in Figure 13 range
belween 10,000 and 19,000 mg/L within the foolprint of the CCS, and up to about 22,000 mg/L southwest

of the CCS, in well F-4,

Figure 8 shows the conductivily values found in the 50-foot deep piezometers. The values shown in
Figure 8 range belween 29,500 and 43,900 micro-mho per cm.

References 2 and 15 include figures that depict whal was estimated to be the measured ranges of the
1,000, 10,000, and 20,000 mg/L Isochlors at the 20, 40, and 60 foot deplhs during the period between
April, 1972, and January, 1975, This period does include time when the CCS was complele and all four
units were operaling; therefore, the areas shown in these figures are not direclly comparable {o the
isochlors shown in Figure 13. However, It Is of inlerest to compare them, as Is done for the 20-foot
Isochlors in Figure 14. The isochlors from Figure 14 are consistent with the ranges depicted in Reference

2.
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4.0  CONCLUSIONS

Based on the iso-conduclivily lines developed, the entire area in the vicinily of the present location of the
CCS belween the coast and Tallahassee Road contained salt water prior to conslruction of the CCS.
Florida Class | standards, and Class Il fresh water standards include a numerical limit of 1275 micro-mho
per cm for specific conductance. Based on Figures 11 and 12, the 1275 micro-mho per cm value Is
exceeded well west of the footprint of the CCS al the 40 and 60-foot depths below TOC. Based on Figure
10, the 1275 micro-mho per cm level is exceeded at the 20-foot depth below TOC well west of Levee

31E.

Based on the isochlors developed, the entire area in the present localion of the CCS contained sall water
prior to consiruction of the CCS. Although the USGS somelimes defines a “salt line” as lhe location where
the 1,000 mg/L chloride concentration is al the bottom of the aquifer, the Drinking Water Standards
provide a limit of 260 mg/L for chloride. In either case, salt water had extended in-shore to at least the
10,000 mg/L line shown on Figure 13. There were insufficient data to develop the lower value isochlors.

Based on Figure 14, il can also be concluded that the entire area helween the coast and Tallahassee
Road contained sall water prior to construclion of the CCS. The locations of the isochlor lines developed
within this report are completely consistent wilh the isochlor ranges published by Dames & Moore in
1976; this fact leads to the conclusion that the 1,000 mg/L range shown on Figure 14 is also accurate for
the pre-CCS condilion. It can furlher be concluded that if the Dames & Moore ranges are accurate at the
20-foot depth, they are most likely also accurate at the 40- and 60-fot depths.

Figure 16 shows the 1,000 mg/L range at a depth of 60 feet as published by Dames & Moore In 1975.
The same figure includes two “salt water Intrusion lines" published by the USGS, and generally described
as the location of the 1,000 mg/L isochlor at the base of the aquifer. Two observalions can be made:

1. The 1971 line is seaward of the 1951 line, and
2. The 1,000 mg/L line at the 60-fool depth as reported by Dames & Moore is consistent wilh lhe

1971 line.

With respect to the first observalion, it should be noted that the sall line can move considerable distances
because of changes in the local ground water hydraulic gradients. Likely causes of such changes Include
evaporation, precipilation, ground waler withdrawals, and changes in ocean/Biscayne Bay water levels.
Thus, while the 1971 line is seaward of the 1951 line, they are likely both located within the normal range
within which the sall water intrusion line normally moved prior to inslallation of the CCS.
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Average Conductivity' (micro-mhos per cm) in E-Series Wells

Table 2

Well Cond @ 20" Cond @ 40' Cond @ 60'
E-1 39,100 46,600 47,800
E-2 42,200 46,900 47,900
-3 30,900 48,200 49,100
E-4 37,800 50,100 52,700
E-5 43,200 47,300 49,300
E-6 41,900 48,700 51,600
E-7 47,900 49,900 52,200
E-8 44,100 48,900 51,500
£-9 48,600 54,100 54,700
E-10 48,800 51,000 52,900
E-11 48,200 51,200 52,400
E-12 50,200 50,300 51,700
E-13 49,600 49,900 50,400
E-14 46,900 48,700 49,400
E-15 45,000 49,400 50,700
E-16 41,200 49,000 50,100
E-17 45,700 50,900 51,500
E-18 43,400 50,000 51,100
- E-19 32,800 45,800 46,800
E-20 35,100 44,600 46,200
E-21 44,500 53,100 54,200
E-22 50,000 55,600 56,400
E-23 49,900 55,700 56,200

Note 1: Period of Record is 4/1/1972 through 2/1/1973



Average Conductivity' (micro-mhos per cm) in G-Series Wells

Table 3

Well Cond@20' | Cond@40' | Cl@50' | Cond @ 60"
G-2 25,300 43,100
G-3 27,000 413,100
G-5 14,800 42,800
G-6 7,800 28,600 40,500
G-7 900 900 900
G-9 27,900 43,900
G-10 18,700 45,000
G-12 7,500 42,700
G-13 5,900 37,800 41,300
G-14 1,000 1,100 1,000
G-16 17,500 42,800
G-17 15,100 40,900
G-19 6,100 37,600
G-20 5,900 30,100 31,200
G-21 1,200 1,100 1,300
G-23 19,500 31,500
G-24 19,800 32,600
G-26 7,000 29,500
G-27 3,500 26,200 26,100
G-28 3,000 16,600 26,300
G-30 30,800 40,200
G-31 31,300 39,300
G-33 18,600 35,800
G-34 6,500 29,500 29,600
G-34X 4,700 17,000 22,600
G-35 1,100 4,400 27,700

Note 1: Period of Record is 4/1/1972 through 2/1/1973




