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Figure 1.  Location map showing injection wells (IW) and adjacent monitor wells (FA).

Location of South District Injection and Monitor Wells
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Figure 2.  Schematic showing the differences in final casing depth between injection wells cased below the dolomite
confining unit (IW-1 to IW-7) and those cased above the confining unit (IW-8 to IW-17).  Those wells cased above the
confining unit allow effluent to enter the Lake City/Avon Park Formation, part of the confinement (?) horizon.
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Figure 4.  Compilation of hydraulic conductivity values reported in engineering reports
to Miami-Dade Water and Sewer Department.  The mean (vertical dashed line) and
median values (vertical solid line) are shown for each hydrologic subunit shown on the
right side of the graph.
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Figure 5.  Distribution of permeability with respect to lithofacies in South District cores.
The extremely high values in some lithology types and the lower values in others combine
to produce an interval with net permeability in the moderate- to high-range.



Subsurface Zone     N    mean     median     stan. dev.     min.     max.

Upper Floridan Aquifer      23     0.0067        0.00084         0.013            0.00016      0.043
   (1000'-1825')       (19.00)        (2.38)    (0.45) (121.8)

Middle Confining Unit       35     0.0021        0.00053         0.0035         0.000011     0.017
   (1895'-2383')     (6.00)      (1.50)    (0.03) (48.16)

Boulder Zone                    7       0.00013      0.00015         0.000059     0.000046    0.00023
   (2500'-2748')      (0.37)       (0.43)      (0.13)   (0.65)

All Zones Combined          65     0.0035        0.00053         0.0082         0.000011     0.043
      (9.92)        (1.50)     (0.031)    (121.8)

Table 2.  Summary of hydraulic conductivity in cm/sec (ft/day) for South District
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Figure 6.  Comparison of hydraulic conductivities based on aquifer test data from
South District wells with hydraulic conductivity values based on a conversion from
permeability measurements.  Aquifer test data was compiled from MDW&S
engineering report related to injection well installation.
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Figure 7.  Plot of vertical and horizontal permeability values measured from the same
rock cube from cores within the Middle Confining Unit.  The rock cubes were cut from
each of the lithofacies shown in Figure 5.  These data suggest relatively little anisotropy
between the vertical and horizontal permeability
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Figure 8.  Example of low-permeability dolomite unit capping the Oldsmar Formation
at the Sunrise injection well.  The geophysical log characteristics of this low-
permeable unit are nearly identical to those from the South District logs.
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Figure 9.  A sequence of temperature logs over a 3-month period were run in
IW-13 prior to operational testing with effluent injection.  The temperature data from
the earliest log run (#1) indicated a thermal gradient near the base (warmer water below)
of the low-permeability dolomite.  A subsequent log, run 1-month later, shows that the
thermal profile has inverted, perhaps due to less dense (warmer) water moving upward
in the borehole.  The thermal gradient during run #2 was positioned within the
low-permeability dolomite.  The third temperature log, run 2 months later, shows a profile
similar to run #2.  However, the thermal gradient has moved further up the borehole to a
position about 25 feet above the dolomite confining unit.  The thermal inversion and upward
moving thermal gradient likely reflect movement of warmer, less-dense fluids from below
the confining layer, through the confining layer, and ultimately upward away from the
confining layer.  These warmer, less dense fluids likely originate from effluent that has
migrated from one of the downgradient operating wells.  Consistent with this interpretation
is that a fluid-density log from run #2 showed less-dense fluids beneath the confining unit
and more-dense fluids above the confining unit.  The depth of this density gradient between
these two fluid masses is coincident with the thermal gradient.
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Figure 10.  Structure contour map on top of the low-permeability dolomite unit at the top of the Oldsmar
Formation.  The inclination of the surface from east to west is evident in this map.
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Figure 11.  Structure contour map on the base of the low-permeability dolomite unit at the top of the Oldsmar
Formation.  As with the upper surface of this horizon, the inclination from east to west is readily apparent from
in this map.  Buoyant fluids at the base of this low-permeable dolomite would tend to flow from east to west.





Upward Travel Time Estimates

Original Injection Well Study, 1977 (CH2M Hill report)

T, interval transmissivity = 900 gpd/ft (cummulative)
ø, estimated porosity = 0.25
I, upward gradient = 20' in 1000' = 0.02
M, distance from injection to lower Floridan Aquifer (2,790'-1,690 = 1,100')

K = T/M     = 900'/1,100'         K = 0.82 gpd/ft2

K = 0.82/7.48 = ft3/day x 1/ft2 = 0.11 ft/day (3.8 x 10-5 cm/sec)

Average Upward Velocity

V = KI/ø    = 0.11 ft/day x 0.02x 1/0.25

V = 0.0088 ft/day   or  V = 3.21 ft/year

REACH the FLORIDAN AQUIFER in 343 years

Upward Travel Time Using Median and Mean of Hydraulic Conductivity

K = 2.15 ft/day

Average Upward Velocity

V = KI/ø    = 2.15 ft/day x 0.02x 1/0.25

V = 0.172 ft/day   or,  62.8 ft/year

Reach the FLORIDAN AQUIFER in 17.5 years

K = 11.73 ft/day

Average Upward Velocity

V = KI/ø    = 11.73 ft/day x 0.02x 1/0.25

V = 0.938 ft/day  or,  V = 342.5 ft/year
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Figure 12.  Comparison of travel time estimates for the upward migration of effluent.
The original (1977) calulation for the injection feasibility study  is show at the top.
The calculation is recomputed with the median and mean value of hydraulic conductivity
based on our compilation of values from MDW&S aquifer tests.





Well No. (depth)  First date analyzed NH3 conc. (mg/L) First date NH3 detected* NH3 conc. (mg/L) Comments

FA-1 U (980-1,090 ft) 12/1/83 0.2 N/A N/A
FA-1 L (1,840-1,927 ft) 12/1/83 0.2 N/A N/A

FA-2 U (980-1,020 ft) 12/1/83 0.1 N/A N/A
FA-2 L  (1,645-1,672 ft) 12/1/83 0.3 N/A N/A

FA-3 U (981-1,050 ft) 1/1/91 0.05 N/A N/A
FA-3 L (1,771-1,892 ft) 1/1/91 0.05 N/A N/A

FA-4 L (1,702-1,840 ft) 12/17/91 0.20 N/A N/A

FA-5 U (1,490-1,588 ft) 5/3/94 7.30 5/3/94 7.30 NH3 detected first sample, range 4-12 mg/L
FA-5 L (1,790-1,890 ft) 5/10/94 0.0 N/A N/A

FA-6 U (1,490-1,584 ft) 5/17/94 0.00 5/24/94 1.60 FA-6U: TKN and NH3 show increasing trend
1/7/96 >5.0 in concentration, near 10 mg/L in 1998

FA-6 L (1,790-1,890 ft) 5/17/94 1.80 N/A NA FA-6L: increasing trend to 0.50 mg/L NH3

FA-7 U (1,488-1,580 ft) 8/22/94 8.10 8/22/94 8.10 NH3 detected first sample, range 4-12 mg/L
FA-7 L (1,805-1,872 ft) 8/22/94 0.09 12/16/97 2.95 NH3 and TKN increase sharply, NH3 up to

as high as 8 mg/L

FA-8 U (1,490-1,575 ft) 8/29/94 5.30 8/29/94 5.30 NH3 detected first sample, range 2-8 mg/L
FA-8 L (1,790-1,890 ft) 8/22/94 0.09 N/A N/A

FA-9 U (1,490-1,587 ft) 5/2/95 0.00 7/18/95 1.19 NH3 increasing trend to about 2 mg/L
FA-9 L (1,790-1,880 ft) 5/2/95 0.00 N/A N/A

FA-10 U (1,490-1,592 ft) 2/27/96 0.33 N/A N/A
FA-10 L (1,790-1,890 ft) 2/27/96 2.74 2/27/96 2.74 NH3 detected first sample, range 1.5-3.0 mg/L

FA-11 U (1,490-1,588 ft) 2/21/96 0.12 8/19/97 1.01 NH3 steady increase to values of 1.0-2.0 mg/L,
some peak values of ~5.0 mg/L in 1998/1999

FA-11 L (1,790-1,890 ft) 2/21/96 9.62 2/21/96 9.62 NH3 detected first sample, range 6-10 mg/L

FA-12 U (1,495-1,597 ft) 2/21/96 0.56 6/11/96 1.06 Steady NH3 between 1.0-2.0 mg/L
FA-12 L (1,790-1,890 ft) 2/21/96 11.32 2/21/96 11.32 NH3 detected first sample, range 10-14 mg/L

FA-13 U (1,480-1,585 ft) 2/21/96 0.65 N/A N/A Steady NH3 between 0.4-0.8 mg/L
FA-13 L (1,740-1,845 ft) 2/21/96 0.38 N/A N/A Increasing trend to 1.0 mg/L

FA-14 U (1,490-1,575 ft) 2/21/96 3.03 2/21/96 3.03 NH3 detected first sample, increasing trend
to ~5 mg/L

FA-15 U (1,490-1,575 ft) 2/21/96 3.96 2/21/96 3.96 NH3 range between 2 and 6 mg/L
FA-15 L (1,790-1,890 ft) 2/27/96 0.05 N/A N/A

FA-16 U (1,490-1,590 ft) 2/21/96 4.06 2/21/96 4.06 NH3 detected first sample, 3-5 mg/L range
FA-16 L (1,790-1,890 ft) 2/21/96 0.08 N/A N/A

BZ-1 (1,005-1,037 ft) 3/1/84 0.13 N/A N/A Few peaks of 2-3 mg/L in 1990-1993, range
usually <1.0 mg/L

BZ-2 (1,577-1,664 ft) 3/1/84 0.22 2/13/96 1.19 Steady increase in NH3 to ~2.5 mg/L in 1999

Source of data: Miami-Dade Water and Sewer Department, Report No. A Monitoring Well Purging Report Update, February 23, 2000
*A repeated level of 1.0 mg/L is used as an indicator of NH3

Table 3. Summary of the Chronology of Ammonia Detection in Monitor Wells at the Miami-Dade Water and Sewer South District Injection Wellfield



Monitor Well
FA-6U

Monitor Well
FA-7U

Monitor Well
FA-12L

Monitor Well
FA-16U

Ammonia Concentrations - South District

Figure 13.  Ammonia time-series for selected monitor wells at the South District
injection wellfield.  Data from MDW&S Department Report, 2000.






