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AND CONCLUSIONS OF LAW FOR CONTENTION 2.1
I.

INTRODUCTION
Pursuant to 10 C.F.R. § 2.1209, and the schedule established by the Atomic Safety and

Licensing Board (“Board”) at the conclusion of the contested hearing in this proceeding on May
3, 2017, Florida Power & Light, Co. (“FPL”) submits these Proposed Findings of Fact and
Conclusions of Law concerning Joint Intervenors’1 Contention 2.1.
This proceeding involves whether the Final Environmental Impact Statement (“FEIS”)
prepared by the Nuclear Regulatory Commission (“NRC”) Staff (“Staff”) in this proceeding
correctly concluded that the environmental impacts of four constituents in the wastewater at
FPL’s proposed Turkey Point Units 6 & 7 nuclear power plant will be “small.” As the evidence
in this case demonstrates, the FEIS reached the correct conclusion, after taking a “hard look” at
the “reasonably foreseeable” environmental impacts at issue, as required under the NRC’s
regulations at 10 C.F.R. Part 51 and the National Environmental Policy Act (“NEPA”).
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The Joint Intervenors are Mark Oncavage, Dan Kipnis, Southern Alliance for Clean Energy, and National Parks
Conservation Association.

Joint Intervenors have not established that the Staff failed to satisfy its burden under
NEPA. Nor have they shown it to be reasonably foreseeable that the four constituents at issue
could cause a greater than small environmental impact. FPL’s and the NRC’s factual and expert
witness testimony has clearly demonstrated that a variety of barriers will protect the public health
and ensure there will be a negligible, let alone small, impact to the environment.
For example, a 1,465-foot confining unit will prevent wastewater injected into the
Boulder Zone from migrating into drinking water sources. Improved well construction methods
are designed to prevent leaks. Monitoring wells will provide sufficient notice of any upward
migration. Permitting requirements in the State of Florida will ensure the public health is
protected. And the wastewater would need to traverse ten miles, against groundwater flow in the
Upper Floridan Aquifer, to the nearest potable water source. It is not reasonably foreseeable that
all of these barriers will fail.
But even if all of these barriers failed, there would still be no environmental
consequences. The four chemicals will have no environmental impact at the highly conservative
concentrations identified in the FEIS. Consistent with EPA standards, these chemicals -- in the
concentrations at issue -- could be injected directly into drinking water and there would be no
adverse impact on human health. In addition, the likelihood of any potential impact will be
further reduced beyond already safe drinking water levels, due to the volatilization and dilution
that will occur prior to and after injection into the Boulder Zone, and in light of the recent
sampling showing that high-level disinfection likely eliminated the four chemicals altogether.
Joint Intervenors’ only substantive argument is that more data must be obtained regarding
the confining nature of the Boulder Zone. Obtaining additional data would not change the fact
that the chemicals are safe even if they were to migrate into drinking water. Moreover, in the
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history of Class 1 injection wells in the state of Florida, the additional exploratory wells and
seismic-reflection surveys that the Joint Intervenors call for have never been performed -because they are not necessary and are not useful. NEPA does not require the NRC to engage in
such unprecedented studies especially where, as in this case, the NRC has properly examined the
best available scientific information and reached a reasonable conclusion based on a wide variety
of factors.
For these reasons, the Board should find that Contention 2.1 is without merit.
II.

PROCEDURAL HISTORY
In 2009, FPL submitted to the NRC a combined license (“COL”) application, including

an Environmental Report (“ER”), for two AP1000 pressurized water reactors to be located at the
Turkey Point site, adjacent to existing units, near Homestead, Florida.2 In its application, FPL
proposes to use reclaimed water provided by the South District Wastewater Treatment Plant
(“South District Plant”) in Miami-Dade County, Florida, as a source of makeup water for the
circulating cooling water system proposed at Turkey Point. FPL proposes to discharge Turkey
Point’s wastewater, which would include the reclaimed water, through a pipeline system into
deep wells that inject into the Boulder Zone of the Floridan Aquifer System.
On September 4, 2009, the NRC Staff accepted FPL’s application for docketing.3 On
June 18, 2010, the NRC published a Notice of Hearing and Opportunity to Petition for Leave to
Intervene in this proceeding.4 On August 17, 2010, Joint Intervenors filed a timely petition to
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See Letter from M. K. Nazar, FPL, to M. Johnson, Office of New Reactors, NRC (June 30, 2009)
(ML091830589).
74 Fed. Reg. 51,621 (Oct. 7, 2009).
75 Fed. Reg. 34,777 (June 18, 2010).
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intervene.5 The Board admitted Joint Intervenors’ proposed Contention 2.1,6 which -- after
various revisions and summary judgment motions -- was ultimately reformulated by the Board
on April 21, 2016, to allege that:
The [Draft Environmental Impact Statement (“DEIS”)] is deficient in concluding
that the environmental impacts from FPL’s proposed deep injection wells will be
“small.” The chemicals ethylbenzene, heptachlor, tetrachloroethylene, and toluene
in the wastewater injections at concentrations listed in DEIS Table 3-5 may
adversely impact the groundwater should they migrate from the Boulder Zone to
the Upper Floridan Aquifer.7
On October 28, 2016, the NRC published its FEIS for Turkey Point. Table 3-5 of the
FEIS8 contains concentration data for ethylbenzene, heptachlor, tetrachloroethylene, and toluene
(the “four chemicals”) that FPL provided in ER Table 3.6-2,9 and that the NRC Staff previously
included in Table 3-5 of the DEIS.10 The FEIS also includes a thorough analysis of the potential
for wastewater to migrate out of the Boulder Zone and impact the environment.11
An evidentiary hearing was held on Contention 2.1 on May 2-3, 2017, in Homestead,
Florida.

5

Petition for Intervention by Mark Oncavage, Dan Kipnis, Southern Alliance for Clean Energy, and National Parks
Conservation Association (August 17, 2010) (ML102300582).
6
Florida Power & Light Co. (Turkey Point Nuclear Generating Plant, Units 6 and 7), LBP-11-06, 73 NRC 149,
187 (2011).
7
Florida Power & Light Co. (Turkey Point Nuclear Generating Plant, Units 6 and 7), LBP-16-3, 83 NRC 169, 186
(2016).
8
NRC-008A (FEIS) at 3-39.
9
ER, Rev. 3, § 3.6 at 3.6-7 (ML11362A171).
10
NRC-007A at 3-38 (DEIS).
11
See, e.g., NRC-008A (FEIS) at 2-55 to 2-58, 5-20 to 5-29, 5-39 to 5-42; NRC-008C (FEIS) at G-48 to G-50.
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III.

THE EVIDENTIARY RECORD
A.

FPL

FPL presented a total of four witnesses in this proceeding: one fact witness and three
expert witnesses. The fact witness submitted only direct testimony, while the three expert
witnesses submitted both direct and rebuttal testimony.
FPL fact witness Mr. Paul Jacobs submitted direct testimony describing FPL’s proposed
processes for obtaining, treating, using, and disposing of wastewater associated with the
circulating water system for Turkey Point Units 6 & 7. He also testified that, if the wastewater is
not used at Turkey Point, it would be injected into the Boulder Zone at the South District Plant.
Mr. Jacobs also testified regarding issues relating to how the concentrations of the chemicals in
Table 3-5 were calculated and why they are extremely conservative.
Mr. Jacobs is the Supervising Engineer for the Turkey Point Units 6 & 7 nuclear project.
He has approximately 40 years of experience working as a nuclear engineer. He has taken
graduate courses in Nuclear Engineering at New York University and has a B.S. in Nuclear
Engineering from the State University of New York, Maritime College, New York.12 Mr.
Jacobs’ testimony is set forth in FPL-001.
FPL expert witness Mr. David McNabb submitted expert testimony showing how data
from Turkey Point’s exploratory well one (EW-1) indicates that the wastewater injected at
Turkey Point will be confined in, or near, the Boulder Zone. He testified that FPL has followed
standard industry practice in demonstrating such confinement with respect to well EW-1 to the
satisfaction of the Florida Department of Environmental Protection (FDEP). Mr. McNabb also
testified that Turkey Point’s injection wells will be designed and constructed to prevent leaks.

12

FPL Initial Statement of Position in the Contested Hearing for Contention 2.1 at 5.

5

He testified that state-required well monitoring programs will enable FPL and the FDEP to
address any unlikely upward migration of Turkey Point wastewater before that wastewater could
impact the underground source of drinking water (“USDW”).
Mr. McNabb holds a M.S. in Geology from the University of Texas at Arlington, and a
B.S. in Geology from Indiana University.13 He is a Registered Professional Geologist in the
State of Florida, and has worked as a geologist in Florida for 24 years.14 In his career, Mr.
McNabb has focused on the siting, design, construction oversight, testing, and permitting of deep
injection wells in Florida, obtaining approximately 35 to 40 underground injection control
permits from the FDEP.15 Mr. McNabb’s testimony is set forth in FPL-002 and FPL-060, and he
sponsors Exhibit No. FPL-005.
FPL expert witness Dr. Maliva submitted expert testimony concluding that it is highly
unlikely that wastewater injected into the Boulder Zone at Turkey Point will migrate upward
through a 1,465 foot confining zone into the USDW and impact a public water supply well. Dr.
Maliva also testified that FPL and the NRC Staff have developed sufficient data, consistent with
industry standards, to determine the likelihood of confinement at the Turkey Point site.
Dr. Maliva holds a Ph.D. in Geology from Harvard University, a M.S. in Geology from
Indiana University Bloomington, and a B.S. in Geology from the State University of New York
at Binghamton.16 He is a Registered Professional Geologist in Florida and Texas.17 Dr. Maliva
has worked as a hydrogeologist specializing in Florida geology for over 20 years.18 He has
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Id. at 5-6.
Id. at 5-6.
Id. at 5-6.
Id. at 6.
Id. at 6.
Id. at 6.
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extensive experience working on alternative water supply and disposal projects, such as injection
well systems.19 Dr. Maliva is one of the world’s preeminent experts in the geology of South
Florida, and has published various peer-reviewed papers on the subject.20 Dr. Maliva’s
testimony is set forth in FPL-003 and FPL-061, and he sponsors Exhibit Nos. FPL-006 to FPL029, and FPL-063.
FPL expert witness Dr. Teaf submitted expert testimony demonstrating that the four
chemicals in the concentrations at issue in Contention 2.1 would exert undetectable, much less
small, effects on the USDW (1) in the unlikely event that the wastewater were to migrate
upward; or (2) even if the wastewater were to be injected directly into drinking water in South
Florida (which is not proposed here). Dr. Teaf testified that the chemicals in the concentrations
at issue in Contention 2.1 are all well below Federal drinking water standards, which means that
they are safe for consumption in drinking water.
Dr. Teaf holds a Ph.D. in Toxicology from the University of Arkansas for Medical
Sciences, a M.S. in Biological Science from Florida State University, and a B.S. in Biology (with
Honors) from Pennsylvania State University.21 He has been the Director or Associate Director
of the Center for Biomedical and Toxicological Research at Florida State University for over
three decades.22 Dr. Teaf is a Board-certified Fellow of the Academy of Toxicological Sciences,
and has practiced in the field of toxicology for over 30 years.23 He has performed several
hundred chemical risk assessments addressing human health, chemicals management, and
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Id. at 6.
Id. at 6.
Id. at 6-7.
Id. at 6-7.
Id. at 6-7.
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evaluations of potential for exposure and adverse effects related to chemical exposures.24 Dr.
Teaf’s testimony is set forth in FPL-004 and FPL-062, and he sponsors Exhibit Nos. FPL-030 to
FPL-059.
B.

NRC Staff

The Staff submitted pre-filed direct and rebuttal testimony from four witnesses. One
Staff witness did not provide rebuttal testimony. The Staff generally presented combined
testimony from the various witnesses based upon their areas of specialty.
NRC Staff witness Ann L. Miracle provided testimony to explain conclusions reached in
the FEIS concerning toxicological impacts to water resources and the information that supports
those conclusions.25 Dr. Miracle testified that the constituents in the concentrations at issue fall
well below federal drinking water standards and therefore would not be harmful to the public,
even if directly injected into drinking water.
Dr. Miracle has a doctorate in molecular biology with experience in environmental
toxicology.26 She has a B.A. in Biology from University of Virginia, a M.S. in Molecular
Genetics from the University of Florida, and a Ph.D. in Molecular Immunology from University
of South Florida.27
NRC Staff witness Daniel O. Barnhurst provided testimony explaining how the Staff’s
comprehensive review as documented in the FEIS supports the conclusion that there would be
only a “small” impact on groundwater resources resulting from deep well injection of plant
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Id. at 6-7.
NRC-002-R2 (Miracle) at A4(a).
Tr. 804:11-15 (Miracle).
NRC-003 at 1 (Miracle CV).
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effluent because of sufficient confinement in the Boulder Zone.28 His testimony also described
why the concentrations set forth in FEIS Table 3-5 are extremely conservative.
Mr. Barnhurst is a licensed Professional Geologist employed as a Hydrogeologist in the
Environmental Technical Support Branch of the Division of Site Safety and Environmental
Analysis (DSEA), in the Office of New Reactors (NRO) at the NRC.29 Mr. Barnhurst has a B.S.
in Geology and a M.S. in Environmental Geology from Brigham Young University.30
Similar to Mr. Barnhurst, NRC Staff witness Paul D. Thorne provided testimony
explaining the basis for the NRC’s conclusion in the FEIS that impacts to groundwater resulting
from deep injection of plant effluent from Turkey Point, including the four chemicals at issue,
will be “small.”31
Mr. Thorne is a Senior Research Scientist in the Earth Systems Science Division at
Pacific Northwest National Laboratory.32 Mr. Thorne has a B.S. in Chemistry/Mathematics from
the University of Utah, and a M.S. in Hydrology/Hydrogeology from the University of
Arizona.33
NRC Staff witness Alicia Williamson-Dickerson sponsored into evidence the DEIS
(NRC-007A-B), the FEIS (NRC-008A-D), and the supplement to the FEIS (NRC-049).34 Ms.
Dickerson is the NRC Staff’s Environmental Project Manager responsible for the environmental
review of FPL’s COL application.35
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NRC-002-R2 (Barnhurst) at A4(b).
NRC-002-R2 (Barnhurst) at A1(b).
30
NRC-004 at 1 (Barnhurst CV).
31
NRC-002-R2 (Thorne) at A4(c).
32
NRC-002-R2 (Thorne) at A1(c).
33
NRC-005 at 1 (Thorne CV).
34
NRC-002-R2 (Dickerson) at A4(d).
35
NRC-002-R2 (Dickerson) at A2(d).
29
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C.

Joint Intervenors

The Joint Intervenors submitted pre-filed direct and rebuttal testimony from one expert
witness.
Joint Intervenors’ witness Mr. Mark A. Quarles provided testimony relating to
hydrogeology, exploratory well and geophysical log testing, confinement analyses, seismicreflection analysis, FDEP regulations relating to deep well injection, groundwater movement,
groundwater monitoring, well construction techniques, well monitoring, and the environmental
impacts of the four chemicals of interest, including their toxicological impacts.36
Mr. Quarles is a licensed geologist in Tennessee with a B.S. in Environmental
Engineering Technology from Western Kentucky University and a Master’s degree in Business
Administration from Vanderbilt University.37 Mr. Quarles is not a licensed geologist in
Florida,38 and has no degree or formal training in toxicology.39
IV.

FINDINGS OF FACT
A.

1.

The Use And Disposal Of Wastewater At Turkey Point 6 & 7

Contention 2.1 takes issue with the NRC’s conclusion that the environmental impacts
from certain chemicals in Turkey Point’s wastewater will be greater than small. This
section of these Findings of Fact and Conclusions of Law briefly describes how
wastewater will be used and disposed of at Turkey Point.

2.

Turkey Point will use cooling water in its circulating water system.40 The primary source
of this water will be treated wastewater from the Miami-Dade Water and Sewer

36

See, e.g., INT-022 (Quarles); INT-023 (Quarles).
INT-022 (Quarles) at A2.
38
See INT-001 at 5.
39
Tr. 804:22-23 (Quarles).
40
FPL-001 (Jacobs) at ¶ 7.
37
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Department’s South District Wastewater Treatment Plant, located at 8950 SW 232nd St.,
Miami, FL 33190 (South District Plant).41
3.

Wastewater treated at the South District Plant is required to meet standards set by the
State of Florida’s regulations regarding the use of reclaimed wastewater in open cooling
towers.42 The raw wastewater at the South District Plant will initially undergo
conventional treatment to separate heavy solids, progressively converting biological
matter into a solid mass, then neutralizing the biological solids followed by chemical or
physical disinfection.43 Recently established enhanced treatment at the South District
Plant includes sand filtration and additional high-level disinfection.44 This added
treatment meets State of Florida requirements that allow the use of reclaimed water in
open cooling towers.45

4.

After undergoing treatment at the South District Plant, the wastewater will be transported
to the Turkey Point wastewater treatment facility through nine miles of new pipeline.46
Most of the pipeline (approximately 6.5 miles) will be located in existing FPL
transmission corridors.47

41

FPL-001 (Jacobs) at ¶ 7. Reclaimed wastewater will not be the only source of water that will be used for cooling,
however. Radial collector wells will be available to extract saltwater whenever the reclaimed wastewater is not
provided in sufficient quality and quantity. FPL-001 (Jacobs) at ¶ 8; NRC-008A at 3-8 (FEIS). These radial
collector wells will be located in the subsurface sediment of Biscayne Bay. FPL-001 (Jacobs) at ¶ 8; NRC-008A
at 3-8 (FEIS). FPL anticipates that the radial collector wells will be used infrequently and for a specified limited
duration, however, because FPL does not expect there to be much disruption to the supply of reclaimed
wastewater. FPL-001 (Jacobs) at ¶ 8; NRC-008A at 5-34 (FEIS). Nonetheless, the radial collector wells are
capable of supplying the Units with their full requirements for cooling water, if necessary. FPL-001 (Jacobs) at ¶
8; NRC-008A at 3-41 (FEIS).
42
FPL-001 (Jacobs) at ¶ 9.
43
FPL-001 (Jacobs) at ¶ 9; Miami-Dade.gov, South District Wastewater Treatment Plant, available at
http://www.miamidade.gov/water/south-dade-reclamation.asp.
44
FPL-001 (Jacobs) at ¶ 9; Tr. 818:19 – 819:8 (Miracle).
45
FPL-001 (Jacobs) at ¶ 9.
46
FPL-001 (Jacobs) at ¶ 10; NRC-008A at 3-20 (FEIS).
47
FPL-001 (Jacobs) at ¶ 10; NRC-008A at 3-20 (FEIS).

11

5.

Once the wastewater arrives at Turkey Point’s Reclaimed Water Treatment Facility,
additional treatment will be performed to reduce or eliminate certain constituents from
the waste stream.48 Turkey Point’s treatment facility will use pumps, several types of
filters, and clarifiers to reduce concentrations of iron, magnesium, oil and grease, total
suspended solids, nutrients, and silica.49 It will also treat the wastewater to prevent
biofouling in the pipelines that would supply water to the cooling towers.50 The process
will involve flow equalization, continuous water quality monitoring, flow metering,
dechlorination, nitrification, chemical phosphorous removal, clarification, pH adjustment,
deep filter bed denitrification, chlorination, and water quality monitoring.51

6.

After receiving treatment at both the South District Plant and at Turkey Point’s treatment
facility, and prior to its use in Units 6 & 7, the reclaimed wastewater will be stored in a
“makeup water reservoir” at the Turkey Point site.52 This reservoir will occupy 37 acres
just south of Units 6 & 7 and be exposed to the elements, including rainwater.53 It will
contain approximately 350 million gallons of water.54 The reservoir will have reinforced
concrete walls that are approximately 25 feet high, along with a concrete slab floor.55

48

FPL-001 (Jacobs) at ¶ 11.
FPL-001 (Jacobs) at ¶ 11; NRC-008A at 3-9 (FEIS).
50
FPL-001 (Jacobs) at ¶ 11; NRC-008A at 3-31 (FEIS).
51
FPL-001 (Jacobs) at ¶ 11.
52
FPL-001 (Jacobs) at ¶ 12.
53
FPL-001 (Jacobs) at ¶ 12; NRC-008A at 3-9 (FEIS); Tr. 861:3-20 (Jacobs).
54
Tr. 861: 8-9 (Jacobs).
55
FPL-001 (Jacobs) at ¶ 12; NRC-008A at 3-9 (FEIS).
49
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The treated reclaimed wastewater will have a “pretty high”56 residence time in the
reservoir.57
7.

Eventually, the reclaimed wastewater will be pumped out of the reservoir for use as
cooling tower makeup water in the circulating water system58 attached to one of the six
cooling towers that will support Units 6 & 7.59 During this process, the water will be
finely sprayed through nozzles so that the water is exposed to air at high temperatures.60
In addition, fans will be blowing in order to reject the heat in the water.61

8.

The circulating water system will gradually lose water through (1) evaporation in cooling
towers; (2) drift (i.e., droplets or mist) from the cooling towers; and (3) reclaimed
wastewater that remains in the system (also known as “blowdown water”) and which
needs to be disposed.62 Additional reclaimed wastewater will be continually added to the
circulating water system to make up for water leaving the system.63

56

Tr. 861:25 – 862:1 (Jacobs). The 350 million gallons stored could provide approximately five days’ worth of
cooling water if necessary. Tr. 863:10-12 (Jacobs).
57
Tr. 861:25 – 862:1 (Jacobs).
58
Nuclear power plants similar to those proposed at Turkey Point have essentially three different water loops. FPL001 (Jacobs) at ¶ 15. The first loop consists of “primary” water that is directly heated by the nuclear fuel source.
FPL-001 (Jacobs) at ¶ 15. This hot, pressurized water circulates through a steam generator in thousands of tubes.
FPL-001 (Jacobs) at ¶ 15. Outside the tubes in the steam generator is another water source. FPL-001 (Jacobs) at
¶ 15. The heat from the tubes in the first loop heats this “secondary” water in the second loop, which ultimately
turns to steam and generates electricity by spinning the main turbines. FPL-001 (Jacobs) at ¶ 15. After
generating electricity, the steam from the secondary water system passes through a condenser, which is cooled by
water in the third loop. FPL-001 (Jacobs) at ¶ 15. This is known as the “circulating water system.” FPL-001
(Jacobs) at ¶ 15.
59
FPL-001 (Jacobs) at ¶ 14. In addition to the water treatment process at the South District Plant and at Turkey
Point’s treatment facility, the chemistry of the circulating water system is maintained by a local chemical feed
system at the circulating water system cooling tower. FPL-001 (Jacobs) at ¶ 13. The purpose of this system is to
maintain a noncorrosive, nonscale forming condition and to limit the biological film formation on the plant heat
removal components. FPL-001 (Jacobs) at ¶ 13.
60
Tr. 858: 3-5 (Barnhurst).
61
Tr. 858: 5-7 (Barnhurst).
62
FPL-001 (Jacobs) at ¶ 15.
63
FPL-001 (Jacobs) at ¶ 14.
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9.

The blowdown water that needs to be disposed contains concentrations of minerals
resulting from the heat removal process that remain in the circulating water system.64 To
maintain the heat removal efficiency, this more concentrated water is no longer optimum
for use in the cooling process.65 Therefore, this blowdown water will need to be removed
and replaced with new reclaimed water.66

10.

The cooling tower blowdown water will be collected in a sump along with other water
collected from other areas of the plant (e.g., service water).67 The combined water in the
sump then will be pumped to an underground injection system consisting of 12 deep
injection wells and 6 monitoring wells located along the east and south side of the plant
site.68 The wells will be constructed in groups of three, with a monitoring well 75 feet
from injection wells on either side.69 The six clusters of three wells will be each
separated by approximately 600 feet.70 FEIS Figure 3-7, reproduced below, shows the
location of the injection well system.

11.

During the hearing, there were various discussions regarding the impact of injecting
wastewater into the Boulder Zone using all twelve wells.71 However, as Mr. Jacobs
clarified when he testified, during normal operation it is anticipated that only two
injection wells will be used at a time to inject reclaimed wastewater.72 If seawater from

64

FPL-001 (Jacobs) at ¶ 16.
FPL-001 (Jacobs) at ¶ 16.
66
FPL-001 (Jacobs) at ¶ 16.
67
FPL-001 (Jacobs) at ¶ 16; Tr. 854:7-9 (Jacobs).
68
FPL-001 (Jacobs) at ¶ 16. As described at the hearing there will be twelve injection wells not including the
exploratory well (EW-1). Tr. 667:9-15 (Barnhurst).
69
Tr. 783: 21-24 (Jacobs).
70
Tr. 783: 23-24 (Jacobs).
71
See Tr. 667:5-8 (Barnhurst).
72
Tr. 877: 12-17 (Jacobs).
65
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radial collector wells is used instead of reclaimed wastewater, up to a total of 9 injection
wells may be used.73

Figure 174
12.

FPL will construct the injection wells in accordance with conditions set forth in Florida
Department of Environmental Protection (FDEP) permits and the requirements of Florida
Administrative Code (FAC) 62-528.75 The wells will be of a modern design, and will be
constructed of four concentric steel casings, each with a wall thickness of 3/8 or 1/2 inch,

73

Tr. 877:18 – 878:3 (Jacobs).
NRC-008A at 3-12 (FEIS).
75
FPL-002 (McNabb) at ¶ 39.
74
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cemented into place.76 The inside and outside of each casing, except the smallest (24
inch) casing, will be fully encased in five inches of cement.77 A fiberglass reinforced
plastic (“FRP”) injection liner, selected for its corrosion resistance, will be inside the
smallest casing.78
13.

The annular space between the smallest well casing and the injection liner will be sealed
at the base of the tubing and at the surface and filled with a corrosion inhibiter, protecting
the inside of the 24-inch diameter casing from corrosion.79 Each casing will be cemented
from the base to the land surface to prevent movement of fluids into or between the
USDW, to maintain groundwater quality in aquifers above the injection zone, and to
protect the casings from corrosion.80

14.

FPL will use these wells to inject the blowdown water into the ground at a depth of
approximately 3,000 feet.81 The final location of the disposed water is the Boulder
Zone.82
B.

The Hydrogeology At The Turkey Point Site Supports A Finding Of
Adequate Confining Layers.
1.

15.

The Hydrogeology At Turkey Point

The FEIS finds that the subsurface hydrogeology at the Turkey Point site consists of three
main hydrogeologic units: the Biscayne Aquifer, the Intermediate Confining Unit, and
the Floridan Aquifer System (consisting of the Upper Floridan Aquifer (“UFA”), the

76

FPL-002 (McNabb) at ¶ 39; see generally Tr. 725:13 – 726:2 (McNabb).
FPL-002 (McNabb) at ¶ 39; Tr. 757:7 – 758:1 (McNabb).
78
FPL-002 (McNabb) at ¶ 39.
79
FPL-002 (McNabb) at ¶ 39.
80
FPL-002 (McNabb) at ¶ 39.
81
FPL-001 (Jacobs) at ¶ 16.
82
FPL-001 (Jacobs) at ¶ 16.
77
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Middle Confining Unit, and the Lower Floridan Aquifer).83 A geological and
hydrogeological diagram for the Turkey Point site can be seen in Figure 2 below, adapted
from FEIS Figure 2-19.84
16.

The hydrogeologic unit closest to the surface is the Biscayne Aquifer, which extends
from land surface to about 140 feet below land surface, and is the primary water source
for the Miami-Fort Lauderdale-Palm Beach Metropolitan area.85 The Biscayne Aquifer
contains saline water at the Turkey Point site and freshwater in inland areas.86

17.

The next hydrogeologic unit, the Intermediate Confining Unit, extends from depths of
140 to 1,010 feet.87 This confining unit is over 800 feet of clay-rich strata forming a
highly effective confining unit between the Biscayne Aquifer and the Floridan Aquifer
System.88 Thus, the Biscayne Aquifer and Floridan Aquifer System are not hydraulically
connected in the relevant area,89 and water quality changes in the Floridan Aquifer
System will not impact the Biscayne Aquifer freshwater resources.90

18.

Below the Intermediate Confining Unit is the Floridan Aquifer System, extending from
1,010 feet to a depth beyond 3,230 feet (the bottom of well EW-1).91 The Floridan
Aquifer System in South Florida consists of the UFA, the Middle Confining Unit, and the
Lower Floridan Aquifer.92 The overall aquifer system is highly heterogeneous as it

83

FPL-002 (McNabb) at ¶ 21; see FPL-003 (Maliva) at ¶ 25. See also NRC-008A at 2-47 (FEIS).
FPL-003 (Maliva) at ¶ 25.
85
FPL-002 (McNabb) at ¶ 22; FPL-003 (Maliva) at ¶ 25. See also NRC-008A at 2-48, 5-19 (FEIS).
86
FPL-003 (Maliva) at ¶ 25. See also NRC-008A at 2-49 (FEIS).
87
FPL-002 (McNabb) at ¶ 23. See also NRC-008A at 2-48 (FEIS).
88
FPL-003 (Maliva) at ¶ 26. See also NRC-008A at 2-47 to 2-48 (FEIS).
89
FPL-003 (Maliva) at ¶ 26 (citing FPL-019A at 007). See also NRC-008A at 2-47 (FEIS).
90
FPL-003 (Maliva) at ¶ 26.
91
FPL-002 (McNabb) at ¶ 24. See also NRC-008A at 2-48 (FEIS).
92
FPL-002 (McNabb) at ¶ 24; FPL-003 (Maliva) at ¶ 27. See also NRC-008A at 2-53 (FEIS).
84
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contains intervals of relatively high transmissivity rock (aquifers) and intervals of low
transmissivity rocks (confining units).93
19.

The UFA extends from a depth of 1,010 feet to approximately 1,450 feet.94 While water
in the UFA is classified as USDW, it is brackish water that requires advanced treatment
(membrane desalination) before potable use.95 At well EW-1, the bottom of the UFA
coincides with the base of the USDW at a depth of approximately 1,450 feet.96

20.

Directly below the USDW, at depths between 1,450 and 2,915 feet is the Middle
Confining Unit, which includes the Avon Park Permeable Zone (“APPZ”) at a depth of
approximately 1,700 feet.97 The Middle Confining Unit separates the Lower Floridan
Aquifer in South Florida from the Upper Floridan Aquifer, and provides 1,465 feet of
confining strata with 985 feet of primary confinement below the APPZ.98 Both the
Middle Confining Unit and the Lower Floridan Aquifer contain saline water and are not
sources of drinking water.99 The APPZ is also not part of the USDW.100

21.

Below the Middle Confining Unit, at depths beyond 2,915 feet, is the Lower Floridan
Aquifer, which contains an extremely high transmissivity interval referred to as the
Boulder Zone.101 The Boulder Zone consists mainly of fractured dolomites in which
caverns may develop during drilling, named by early oil well drillers because they found
drilling through the blocks of dolomite that fell into the well was like drilling through

93

FPL-003 (Maliva) at ¶ 27.
FPL-002 (McNabb) at ¶ 25. See also NRC-008A at 2-48 (FEIS).
95
FPL-003 (Maliva) at ¶ 28. See also NRC-008A at 2-54 (FEIS).
96
FPL-002 (McNabb) at ¶ 25; FPL-003 (Maliva) at ¶ 28. See also NRC-008A at 2-54 (FEIS).
97
FPL-002 (McNabb) at ¶ 26. See also NRC-008A at 2-54 to 2-55 (FEIS).
98
FPL-002 (McNabb) at ¶ 26; see FPL-003 (Maliva) at ¶ 31.
99
FPL-002 (McNabb) at ¶¶ 26-27; FPL-003 (Maliva) at ¶ 29.
100
Tr. 644:13-23 (Maliva).
101
FPL-002 (McNabb) at ¶ 27; FPL-003 (Maliva) at ¶ 30. See also NRC-008A at 2-48, 2-54 (FEIS).
94
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boulders.102 The Boulder Zone is the injection zone used in all deep (Class I) injection
wells in South Florida, and will be used as the injection zone for Turkey Point Units 6 &
7.103

102
103

FPL-003 (Maliva) at ¶ 30.
See FPL-002 (McNabb) at ¶ 28; FPL-003 (Maliva) at ¶ 30. See also NRC-008A at 2-54 (FEIS).
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Figure 2. Geology at EW-1 (Derived from FEIS Figure 2-19 (NRC-008A)).
22.

As Figure 2 shows, there is a 1,465 foot confining unit at Turkey Point between the base
of the USDW (at a depth of 1,450 feet) and the top of the Lower Floridan Aquifer (at a

20

depth of 2,915 feet).104 As Dr. Maliva testified, confinement is “provided by the
cumulative thickness of strata between those depths.”105 That is, each interval provides
incremental additional confinement.106
23.

The most effective, lowest permeability strata are at the bottom of that interval, including
the 985 feet present from depths of approximately 1,930 to 2,915 feet.107 That portion
forms the main confining zone.108
2.

24.

FPL Performed Extensive Testing To Determine The Hydrogeology
Of The Site And Its Confining Characteristics.

The FEIS’s findings regarding the hydrogeology at Turkey Point relied in large part on
tests performed by FPL that are typical in the industry. Specifically, FPL drilled and
tested an exploratory well (EW-1) at the Turkey Point site, in order to demonstrate
suitability for its deep well injection system.

25.

FPL witness Mr. McNabb “provided design, permitting and construction oversight
services for [the] 3,230 foot deep exploratory well” and a dual-zone monitor well.109 Mr.
McNabb used data from EW-1 to evaluate the local hydrogeology at the site for confining
intervals between the Boulder Zone and the USDW.110 This data collection and analysis
“followed standard procedures in the industry, which [Mr. McNabb has] used when
performing similar analyses for more than 20 wells that the FDEP has permitted and that

104

See, e.g., FPL-003 (Maliva) at ¶ 31; FPL-002 (McNabb) at ¶ 26; NRC-008A at 5-22 (FEIS) (“Upward flow of
injected wastewater would nonetheless be inhibited by the more than 1,465 ft thick sequence of predominately
low-permeability rocks that lie between the Boulder Zone and the USDW aquifer.”).
105
Tr. 646: 7-10 (Maliva).
106
See, e.g., Tr. 646:3-15 (Maliva); FPL-003 (Maliva) at ¶ 31; FPL-002 (McNabb) at ¶ 26. See also NRC-008A at
5-22 (FEIS).
107
FPL-002 (McNabb) at ¶ 26. See Tr. 646:13-15 (Maliva) (“[T]he bottom thousand feet provides the most
effective confinement.”).
108
FPL-002 (McNabb) at ¶ 26. See NRC-008A FEIS at 5-27, 5-39.
109
FPL-002 (McNabb) at ¶ 6.
110
FPL-002 (McNabb) at ¶ 9.
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are successfully operating today.”111 The comprehensive data gathered by Mr. McNabb
is set forth in his “Report on the Construction and Testing of Class V Exploratory Well
EW-1 at the Florida Power & Light Company Turkey Point Units 6 & 7” (FPL-005 (EW1 Report)).112
26.

EW-1 is the primary source of data collected at the Turkey Point site and used to
determine confinement, with some additional data taken from the Dual-Zone Monitor
Well (DZMW-1).113 The data from EW-1 are sufficient to determine the hydraulic
characteristics of the Turkey Point site.114 In fact, the investigation performed at that well
“exceeds prevailing industry standards in Florida and elsewhere in the United States.”115

27.

More specifically, the geological investigative activities implemented in well EW-1
included:
•

Natural gamma ray logging,116

•

Borehole temperature and fluid resistivity/conductivity logging,117

•

Compensated sonic porosity logging (used instead of neutron and density logs,
which are seldom run in aquifers in Florida because of the use of radioactive
sources),118

•

Resistivity (dual induction) and spontaneous potential logging,119

111

FPL-002 (McNabb) at ¶ 12.
FPL-002 (McNabb) at ¶ 6.
113
See Tr. 686:3 – 687:8 (McNabb). See also NRC-008A at 5-39.
114
See, e.g., FPL-002 at ¶¶ 33-34 (McNabb); FPL-003 (Maliva) at ¶ 19.
115
FPL-003 (Maliva) at ¶ 18.
116
FPL-003 (Maliva) at ¶ 18; see FPL-005C at Appendix L.
117
FPL-003 (Maliva) at ¶ 18; see FPL-005C at Appendix L.
118
FPL-003 (Maliva) at ¶ 18; see FPL-005C at Appendix L.
119
FPL-003 (Maliva) at ¶ 18; see FPL-005C at Appendix L.
112
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•

Preparation of core porosity versus hydraulic conductivity transforms,120

•

Whole core samples descriptions and analyses,121

•

Calculation of hydraulic conductivity profiles from sonic log-derived porosity,122

•

Calculation of equivalent vertical and hydraulic conductivities,123

•

Flowmeter logging,124

•

Packer testing,125 and

•

Density-dependent solute-transport numerical modeling of vertical fluid
migration.126

28.

As described below, the physical tests and geophysical logs performed on EW-1 provided
a wealth of information on the hydrogeology and confining characteristics of the Turkey
Point site.
a.

29.

A Comprehensive Set of Physical Tests Were Performed on
Well EW-1.

A variety of physical tests were performed on EW-1 during and after drilling the well.
FPL used drill cutting samples, collected every 10 feet or less as the well drilling
progressed, to determine the rock type, color, grain size, porosity, fossil content, and
consolidation of the subsurface rock formations.127 These descriptions were used to

120

FPL-003 (Maliva) at ¶ 18; FPL-003 at 062-063 (Maliva, Attachment 5).
FPL-003 (Maliva) at ¶ 18; FPL-005B at Appendices M & P.
122
FPL-003 (Maliva) at ¶ 18; FPL-003 at 064 (Maliva, Attachment 5).
123
FPL-003 (Maliva) at ¶ 18; FPL-003 at 065 (Maliva, Attachment 5).
124
FPL-003 (Maliva) at ¶ 18; FPL-005C at Appendix L.
125
FPL-003 (Maliva) at ¶ 18; FPL-005A at 026-029.
126
FPL-003 (Maliva) at ¶ 18; FPL-003 at 065-069 (Maliva, Attachment 5).
127
FPL-002 (McNabb) at ¶ 13.
121
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determine the geologic formations penetrated by the well bore and identify rock-types
with low permeability that may make up a confining unit.128
30.

FPL used water samples, collected at 90-foot intervals, to determine local values of the
specific conductance, total dissolved solids, chloride, ammonia and Total Kjeldahl
Nitrogen (“TKN”) of water in the pilot hole.129

31.

Packer testing was used to collect water samples from each test interval and to determine
the hydraulic characteristics of the rock strata.130 Those water samples help determine
where the base of the lowermost USDW is located, because a system must have less than
10,000 mg/L of total dissolved solids to be a USDW.131

32.

At EW-1, water samples collected from packer testing indicated that depths of 1,505 to
1,535 feet are below the base of the USDW, because samples taken at that depth had total
dissolved solids of 13,890 mg/L.132 The total dissolved solids increase significantly
beyond that point, with values of 32,167 mg/L at depths of 1,930 to 1,952 feet.133

33.

FPL also used core samples to estimate the depths of the main confining unit. A total of
ten 4-inch diameter rock cores were collected during drilling between the depths of
1,721.5 and 2,679 feet.134 Each of the cores consisted of limestone, dolomitic limestone
or dolomite.135

128

FPL-002 (McNabb) at ¶ 13.
FPL-002 (McNabb) at ¶ 14.
130
FPL-002 (McNabb) at ¶ 18.
131
FPL-002 (McNabb) at ¶ 14; 40 C.F.R. § 144.3.
132
Tr. 688:11-15 (McNabb).
133
Tr. 688:16-19 (McNabb).
134
FPL-002 (McNabb) at ¶ 15.
135
FPL-002 (McNabb) at ¶ 15.
129
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34.

From these ten cores, 20 discrete samples underwent laboratory analysis.136 These core
samples confirmed the low hydraulic conductivity (low permeability) of the rock
strata.137

35.

All of these tests performed on EW-1 indicate the presence of an adequate confining
unit.138
b.

36.

FPL Performed Extensive Geophysical Logging.

In addition to the physical testing, described immediately above, geophysical logs were
also used to provide data about the physical properties of the subsurface geology and to
help select intervals for packer testing.139 Geophysical logs are collected by lowering
various data collecting tools into the well during construction over intervals of interest.140
The logs performed on EW-1 included caliper, gamma ray, dual-induction, spontaneous
potential, borehole compensated sonic, video, flowmeter, fluid conductivity, and
temperature geophysical logs.141

37.

As Mr. Quarles acknowledged during the hearing, geophysical logs monitor the entire
length of the well.142

38.

According to Dr. Maliva at the hearing, the geophysical logs are “absolutely critical for
confining analysis because it provides a continuous record of the bore hole and you can
readily recognize unfractured from fractured strata.”143 Fracturing is indicated on sonic

136

FPL-002 (McNabb) at ¶ 16.
FPL-002 (McNabb) at ¶ 16.
138
See, e.g., FPL-002 (McNabb) at ¶ 31; FPL-003 (Maliva) at ¶ 22.
139
FPL-002 (McNabb) at ¶¶ 17-18.
140
FPL-002 (McNabb) at ¶ 17.
141
FPL-002 (McNabb) at ¶ 17.
142
Tr. 650:1-4 (Quarles).
143
Tr. 656:4-8 (Maliva).
137
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logs through long sonic transit times, while fracturing appears on caliper logs through
borehole diameter spikes.144 If the strata are “not fractured,” and of “a sufficiently low
permeability,” then they act as “an effective confining zone.”145
39.

At EW-1, the caliper146 and borehole compensated sonic logs indicated an absence of
vertically extensive or significant fracturing, and thus an effective confining zone, within
the interval from 1,930 to 2,915 feet.147 The sonic log at Turkey Point shows short sonic
transit times, similar to other wells with “very minimal fracturing.”148 The sonic log also
shows that this same interval has a relatively low porosity when compared to the intervals
above and below.149 As Dr. Maliva testified, these “bore hole[] geophysical logs from
Turkey Point are very clearly in the good confinement category.”150 The flowmeter, fluid
conductivity, and temperature logs also suggest that there are no significant water
producing zones in this interval.151 In summary, the geophysical log data demonstrate
that the interval from 1,930 to 2,915 feet is confining in nature.152

144

Tr. 656:9-12 (Maliva).
Tr. 655:23-25 (Maliva).
146
The caliper log has two arms, orthogonal to one another, connected on a spring tension. Tr. 658: 8-19 (Maliva).
The two arms provide two readings, showing the asymmetry of the bore hole. Id. In fractured strata the caliper
log indicates larger diameters and asymmetry. See Tr. 658:20 – 659:10 (Maliva). The final caliper log of EW-1,
from Feb. 21, 2012, can be found in the EW-1 report. FPL-005C at 556 (geophysical logs dates can be found at
FPL-005A at 19).
147
FPL-002 (McNabb) at ¶ 17.
148
Tr. 656:18 – 657:8 (Maliva).
149
FPL-002 (McNabb) at ¶ 17.
150
Tr. 657:7-8 (Maliva).
151
FPL-002 (McNabb) at ¶ 17.
152
FPL-002 (McNabb) at ¶ 17. See also FPL-003 (Maliva) at ¶ 36.
145
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3.
40.

Confinement Analyses Indicate The Presence Of An Effective
Confining Unit.

In order to evaluate confinement at the Turkey Point site, Dr. Maliva performed two
analyses of the EW-1 data.153

41.

The first analysis, a general hydrogeological analysis, indicates the presence of effective
vertical confinement at the Turkey Point site from a depth of 1,450 to 2,915 feet.154

42.

The second analysis, a groundwater model that is based on actual data from EW-1,155
indicates that there is a very low likelihood that injected wastewater will migrate
vertically into the USDW.156

43.

The NRC also performed a groundwater analysis with similar results.157

44.

Aside from his general allegations that there may be faults in the bedrock, these analyses
were not challenged by Mr. Quarles.158 Mr. Quarles did not perform his own analysis or
modeling.159
a.

45.

Hydrogeological Analysis Indicates The Presence Of An
Effective Confining Unit.

In his hydrogeological analysis, Dr. Maliva compared the hydrogeological data from well
EW-1 to a series of criteria that he developed to determine the likelihood of effective
confinement at injection well system sites.160 As Dr. Maliva testified, a lack of

153

FPL-003 (Maliva) at ¶ 32.
FPL-003 (Maliva) at ¶ 32.
155
Tr. 662:23 - 663:9 (Maliva).
156
FPL-003 (Maliva) at ¶ 32.
157
NRC-002-R2 (Barnhurst, Thorne) at A119-A120.
158
See INT-023 (Quarles) at A15.
159
See generally INT-022 (Quarles); INT-023 (Quarles).
160
FPL-003 (Maliva) at ¶ 33.
154
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confinement is associated with fracturing that is readily identifiable using geophysical log
data.161
46.

Dr. Maliva’s analysis of the geophysical log data indicated “that the confining strata at
well EW-1 are largely intact,” as indicated by the short transit times on the sonic log.162
Because there was no evidence of substantial fracturing in the sonic logs, Dr. Maliva
concluded that EW-1 has “characteristics indicative of effective vertical confinement.”163
b.

47.

Groundwater Models Demonstrate Effective Confinement
With Limited Upward Migration.

In addition to Dr. Maliva’s hydrogeological analysis, both Dr. Maliva and the NRC Staff
performed groundwater analyses of the Turkey Point site. Both analyses demonstrate
that the confining unit at Turkey Point will keep the upward movement of wastewater
well below the base of the USDW.

48.

Dr. Maliva created his groundwater model using SEAWAT version 4, “a densitydependent, solute-transport code that was developed by the United States Geological
Survey for the simulation of water flow and solute transport in aquifers with significant
salinity (and thus density) differences,” including temperature effects on buoyancy.164
While the model considers the significant salinity differences between the groundwater
and the native water in the injection zone, Dr. Maliva testified at the hearing that the
model is not sensitive to minor changes in the salinity of the injectate.165

161

FPL-003 (Maliva) at ¶ 34.
FPL-003 (Maliva) at ¶ 36.
163
FPL-003 (Maliva) at ¶ 36.
164
FPL-003 (Maliva) at ¶ 38.
165
See Tr. 672:1-25 (Maliva).
162
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49.

Dr. Maliva used EW-1 core data and geophysical logs to create the input for the model.
Core data was used “to get a transform of hydraulic conductivity166 versus porosity,”167
and then Dr. Maliva applied “that equation to the sonic log to get a hydraulic conductivity
versus depth” profile.168 The result was a “site-specific model for Turkey Point,”169 as
shown in the following Table 1 (reproduced from Dr. Maliva’s groundwater model
report):170

Model Confining
layer
zone
CZ6
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

CZ5
CZ4

CZ3

CZ2

CZ1

Table 1: Model Summary
Elevations (ft
Total
Vertical
bls)
dissolved
hydraulic
Thickness
solids
conductivity
(ft)
(mg/L)
(ft/d)*
Top
Bottom
1350
1450
100
5,700
31.0
Base of the USDW
1450
1495
45
13,890
0.0012
1495
1540
45
13,890
0.0012
1540
1595
55
20,927
45.29
1595
1650
55
27,963
1.177
1650
1706
56
35,000
0.0048
1706
1762
56
35,000
0.0091
1762
1818
56
35,000
0.0035
1818
1874
56
35,000
0.0019
1874
1930
56
35,000
0.7926
1930
2064
134
35,000
0.0076
2064
2198
134
35,000
0.1678
2198
2332
134
35,000
0.1051
2332
2466
134
35,000
0.1811
2466
2600
134
35,000
0.2144
2600
2631
31
35,000
0.0490
2631
2676
45
35,000
0.0171
2676
2721
45
35,000
0.0297

166

Horizontal
hydraulic
conductivity
(ft/d)*
310.0
18.6
18.6
77.0
98.86
15.85
17.48
45.48
10.23
6.61
11.84
8.39
2.37
5.06
6.85
9.47
11.30
0.23

The data for vertical hydraulic conductivity for the core samples ranges from 10-4 to 10-6 cm/s. See FPL-005B at
330-361.
167
Tr. 657:16-21 (Maliva).
168
Tr. 657:16-21 (Maliva).
169
Tr. 662:5-22 (Maliva).
170
FPL-003 (Maliva) at 019, Table 1.
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Table 1: Model Summary
Model Confining
Elevations (ft
Thickness
Total
Vertical
Horizontal
layer
zone
bls)
(ft)
dissolved
hydraulic
hydraulic
19
2721
2766
45
35,000
0.0037
26.88
20
2766
2811
45
35,000
0.0105
0.207
21
2811
2856
45
35,000
0.0026
0.109
22
2856
2915
59
35,000
0.0142
0.206
Injection
23 zone
2915
3175
260
35,000
20.0
196.2
* Calculated for confining zones from core porosity versus permeability transforms applied to
sonic log porosity values.

50.

Dr. Maliva’s direct testimony also describes the various conservatisms he applied to his
model.171

51.

As Dr. Maliva testified at the hearing:
[M]odel results showed that after 60 years of injection and another 40-year
period of no injection, that is after a 100 year time frame, the top of the
injected water would have risen about 400 to 450 feet and the top of the
injected water would still be about 1,000 feet below the base of the
USDW.172

52.

A visual representation of this result can be seen below in the following Figure 4
(reproduced from Dr. Maliva’s groundwater model report)173:

171

FPL-003 (Maliva) at ¶¶ 41-43.
Tr. 662:14-19 (Maliva).
173
FPL-003 at 068 (Maliva, Attachment 5).
172
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53.

In addition to the analysis that Dr. Maliva performed for FPL, the NRC Staff conducted
its own analysis (which can be found in Appendix G.3.3 of the FEIS).174 The NRC Staff
analysis was conservative, taking no credit for the injectate mixing with water in the
Boulder Zone and subsequent reductions in the upward gradient.175 This analysis used
the harmonic mean of the vertical hydraulic conductivities taken from the EW-1 core
samples,176 and a conservatively low porosity value of 0.2.177 From this analysis, the
Staff found that “upward migration of injectate from the Boulder Zone would likely be
less than 300 ft.”178 Ultimately, the Staff determined that upward migration through the
full 1,400 feet of confining strata in the Middle Confining Unit to reach the Upper
Floridan Aquifer “was extremely unlikely.”179

174

See NRC-002-R2 (Barnhurst, Thorne) at A119-A120.
NRC-002-R2 (Barnhurst, Thorne) at A120.
176
See NRC-002-R2 (Barnhurst, Thorne) at A119.
177
NRC-002-R2 (Barnhurst, Thorne) at A119.
178
NRC-002-R2 (Barnhurst, Thorne) at A119 – A120.
179
NRC-008A at 5-26 (FEIS).
175
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4.

54.

The FDEP Has Confirmed Confinement, And FPL Will Comply With
FDEP Requirements Meant To Minimize The Possibility Of Upward
Migration.

In addition to the testing and analyses performed by FPL and the NRC Staff, the FDEP
has independently confirmed that confinement exists at Turkey Point through the State of
Florida’s injection permitting process.

55.

In order for FPL to build its “Class I” injection well system, the FDEP required FPL to:
1) demonstrate that the hydrogeologic environment is suitable for wastewater injection;
2) demonstrate that there is a confining zone with sufficient areal extent, thickness,
lithological, and hydraulic characteristics to prevent fluid migration into USDWs; and 3)
provide sufficient data, such as geophysical logs, lithologic cores, physical core analysis,
borehole video television surveys, water samples, and packer tests to adequately
demonstrate the confining characteristics of the bedrock.180

56.

57.

As part of the permitting process, the FDEP requires:
•

a drilling test plan to show that the well will be properly constructed;

•

an area review investigation to identify any receptors that could be impacted by
the well or any nearby feature that could impact performance;

•

a geologic analysis identifying the base of the USDW and showing confinement;

•

plans for operational testing and parameters; and

•

plans for the dual-zone monitor well, including its location and coordinates.181

In an effort to ensure that the well meets these requirements, the FDEP reviews data
collected during construction prior to allowing operation of the injection well system.182
The FDEP has to independently determine that sufficient confinement exists at the site to

180

FPL-002 (McNabb) at ¶ 9.
Tr. 871:2 – 873:22 (Maliva).
182
FPL-002 (McNabb) at ¶ 10.
181
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prevent upward migration of injected fluids into the USDW before granting approval to
begin operating the injection well.183 If the FDEP determines that there is insufficient
confinement at the site, it will not grant approval to begin operating the well and will not
issue an operating permit.184
58.

The FDEP was satisfied that there is sufficient confinement at the Turkey Point site, and
in July 2013 issued a permit to convert EW-1 into an injection well to begin operational
testing.185

59.

The FDEP also requires that each additional well undergo testing similar to EW-1.186
There are 12 additional wells planned for the Turkey Point site and, as Mr. Barnhurst has
pointed out, “each well is subjected to the FDEP UIC which is the Underground Injection
Control Rules and Regulations”187 requiring each injection well site “to demonstrate that
migration won’t occur at that site.”188 Thus, an extensive hydrogeological
characterization is required for each additional injection well and associated dual zone
monitor well, and the data will be included in a future updated confinement analysis.189
As Mr. McNabb testified during the hearing, “DEP is going to make every well stand on
its own. Every well is going to undergo the same test and similar testing that we did for
the exploratory well.”190

183

FPL-002 (McNabb) at ¶ 10.
FPL-002 (McNabb) at ¶ 10.
185
FPL-002 (McNabb) at ¶ 9.
186
FPL-002 (McNabb) at ¶ 34; FPL-003 (Maliva) at ¶ 21.
187
Tr. 702:6-7 (Barnhurst).
188
Tr. 702:10-13 (Barnhurst).
189
FPL-003 (Maliva) at 21.
190
Tr. 703:4-7 (McNabb).
184
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60.

If the FDEP approves a well and it begins operating, FPL is required to submit operating
reports on a monthly basis, including operating and monitoring data from both the
injection well and the dual-zone monitor well.191 FDEP reviews the reports for any signs
of confinement failure,192 and the operator is also obligated to inform the FDEP if a
problem is identified.193
5.

61.

Mr. Quarles’ Allegations Regarding An Insufficient Confining Unit
Are Baseless.

The Joint Intervenors’ witness Mr. Quarles does not address the analyses performed by
FPL and the NRC Staff. Instead, he only more generally alleges that the confining unit at
Turkey Point is insufficient.194

62.

Mr. Quarles alleges that the EW-1 test results show that the confining layer at Turkey
Point is insufficient to confine wastewater below the USDW.195 Mr. Quarles claims that
the EW-1 test results indicate that the bedrock is “quite permeable,”196 as the “low
percent bedrock recoveries, high percent porosity of bedrock intervals, and inconclusive
straddle packer testing”197 suggest voids in the bedrock.198

63.

But there are no such voids in the bedrock, as shown by the absence of bit drop and the
geophysical log data.

64.

First, as Mr. McNabb testified during the hearing, there was no bit drop: “[e]very single
foot that was drilled for [EW-1] was hard fought. Never did it occur that they drilled a

191

FPL-002 (McNabb) at ¶ 10.
FPL-002 (McNabb) at ¶ 10.
193
Tr. 702:23 – 703:163 (McNabb).
194
See INT-023 (Quarles) at A9, A15.
195
See, e.g., INT-022 (Quarles) at A10-A14; INT-023 (Quarles) at A4; Tr. 653:23 – 654:22 (Quarles).
196
INT-022 (Quarles) at A9.
197
INT-022 (Quarles) at A10.
198
See INT-022 (Quarles) at A11-A13.
192
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couple feet and then dropped a couple feet. That just was not happening.”199 Based
simply on the lack of a bit drop, the presence of voids is “very unlikely.”200 In addition,
as Mr. McNabb testified: “[w]hen you include the geophysical log data, you can say it’s
extremely unlikely. The geophysical log data would indicate voids.”201 According to
Mr. McNabb, “[o]ur [caliper] log would show that we have some large cavities. Our bore
hole compensated sonic log would indicate the presence of voids as well. We just don’t
see that. It’s not there in the geophysical log data and certainly no one encountered a bit
drop.”202
65.

Mr. Quarles also failed to consider the limitations of each data collection method.203 The
record in this proceeding establishes that the percent of core recovery at EW-1 likely has
explanations other than the presence of voids, because “[m]any things can happen to
negatively impact rock recovery.”204 For example, as Dr. Maliva pointed out in his initial
testimony, “[p]oor core recovery may be caused by the cored material falling out of the
core barrel during recovery of the core, or if the core barrel becomes clogged during
drilling by a piece of harder rock jammed in the barrel.”205 And as Mr. McNabb’s initial
testimony states, “the presence of relatively soft rock (which incidentally is typically
good confinement due to low permeability) can reduce core recovery, as it can get
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washed away during the coring process.”206 In summary, a low core recovery is not
indicative of large voids in the absence of a bit drop. 207
66.

Packer test failures are also common.208 Packer testing initially involves lowering two
inflatable packers to the selected test interval.209 When the two packers are inflated, the
interval between the two packers becomes isolated from the rest of the borehole.210 This
allows for the collection of water samples, pumping rates, and water level drawdown
data. 211 Packer testing can fail if the interval between the packers does not isolate, but
this can be caused by a variety of problems, including leakage between the packer and
borehole wall,212 bypass flow within the formation around a packer element,213 or the
failure of packer sleeves.214 No inferences on aquifer properties can be made from the
fact that a test interval could not be isolated.215

67.

As Mr. McNabb pointed out, in well EW-1 the straddle packer tests that failed occurred
“in a large diameter borehole that required that sleeves be placed on the inflatable packers
to increase the diameter of the packers. In many instances, these sleeves decreased the
ability of the inflatable packers to conform to the configuration of the borehole,
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preventing isolation of the test interval.”216 The failed straddle packer tests also are
clearly unrelated to voids and fractures, as minor adjustments in the depth of the test
interval generated successful tests.217
68.

Regarding porosity, Mr. Quarles claimed in his initial testimony that:
Percent porosity is another measure of the quantity of voids within a
specific portion of a bedrock core sample because the more porous the
bedrock, the greater the quantity of voids contained in the bedrock. As
discussed above, voids indicate an ineffective confinement layer. The
higher the percent porosity, the greater the quantity of voids contained in
the bedrock, and therefore the less effective the confinement.218
But Mr. Quarles changed this position during his live testimony, acknowledging that a
high percent porosity alone might not indicate a lack of confinement.219 He now claims
that high percent porosity, low percent recovery, and hydraulic conductivity (addressed
for the first time at the hearing) together indicate a lack of confinement.220

69.

The record in this case, however, establishes that the porosities of the confining interval,
when considered with the vertical hydraulic conductivity from EW-1, are “indicative of
confinement.”221 This is particularly so when considering the other data compiled when
testing EW-1, such as the geophysical logs, which “consistently indicate the existence of
a confining interval from 1,930 to 2,915 feet.”222

70.

FPL also used hydraulic conductivity in its analysis of the potential upward migration at
Turkey Point, which determined that the groundwater movement would be limited to 450
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feet in 100 years.223 Mr. Quarles does not challenge the use of hydraulic conductivity in
that analysis.
71.

Finally, Mr. Quarles alleges that data from one exploratory well is insufficient.224 Mr.
McNabb and Dr. Maliva (both of whom have decades of experience permitting dozens of
Class I injection wells in Florida225) disagree.226 So would the FDEP. The FDEP did not
require that FPL use more than one exploratory well prior to approval. Indeed, as Dr.
Maliva testified, “more than one exploratory well has never been drilled for any Class I
injection well system in the State of Florida.”227 In fact, when asked at the hearing, Mr.
Quarles was unable to identify any site that has more than one exploratory well.228

72.

In any event, as Mr. Barnhurst pointed out during the hearing, the Staff did not
exclusively rely on a finding of confinement to support its determination in the FEIS of
no greater than small environmental impacts;229 they performed another analysis which
assumed a breach of the confining unit.230 That analysis “assumed a full breach of the
middle confining unit [and flow of] wastewater up into the Upper Florida Aquifer, [and
the] impact that might have on ground water quality,”231 and its results supported the
Staff’s conclusion. Accordingly, even if all the data FPL and the Staff accumulated were
wrong and there is no confinement at the Turkey Point site, that still would not impact the
NRC Staff’s analysis.
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C.
73.

Seismic-Reflection Analysis Is Unnecessary And Useless.

Mr. Quarles also has alleged in this proceeding that the wastewater will travel upwards
through vertical pathways such as faults or karst collapse structures and breach any
confining unit that does exist.232 As a result, Mr. Quarles asserts that a seismic-reflection
analysis should be performed at Turkey Point because he believes it provides an
opportunity to find natural pathways, fractures or faults.233

74.

First, no subsurface features, fracturing, or voids have been identified at the Turkey Point
site. As Mr. Barnhurst testified during the hearing, even Dr. Cunningham (whose studies
Mr. Quarles claims support his position) recognizes that sonic logs and borehole logs
such as those performed by FPL for EW-1 can “be used to evaluate the nature of the
confining unit.”234 For example, Mr. Quarles points to the North District plant in Florida
where “Dr. Walsh concluded that [the upward migration] was actually [due to] a natural
feature that was offsite.”235 As Dr. Cunningham explains, however, that natural feature
was identified using geophysical log data from injection wells -- not seismic-reflection
profiles, which failed to identify the feature.236
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75.

And as Dr. Maliva stated, the geophysical logs collected as part of EW-1 are “very
clearly in the good confinement category”237 with minimal fracturing, as demonstrated by
the short sonic transit times.238

76.

In contrast, Mr. Quarles provides no evidence of subsurface hydraulic activity at Turkey
Point. Instead he points to “the heterogeneity of a limestone carbonate formation” in
Tennessee.239 But as Dr. Maliva (who unlike Mr. Quarles is a licensed geologist in
Florida240) responded during the hearing:
First of all, this is not Tennessee. This is not even Central Florida or West
Central Florida. We don't have well developed karst in the Florida aquifer
system. I've been drilling wells here for 20 plus years. We don't find these
big solution cavities and caves in the Florida aquifer system in South
Florida, south of Lake Okeechobee, totally different geology. So the
argument that you can drill here and miss something three feet away is just
not applicable.241

77.

There is simply no evidence in the record of hydraulically active subsurface features,
such as faults or karst collapse structures, near the Turkey Point site.

78.

When asked during the hearing if seismic reflection analysis shows pathways that “will
be hydraulically active,”242 Mr. Quarles referred to a statement in an article by Dr.
Cunningham that a seismic reflection analysis pathway identified near the South District
Plant “represents a plausible pathway and could explain all the other unintended vertical
migrations.”243 Dr. Cunningham’s statement, of course, applies to conditions at the South
District Plant, not Turkey Point. Moreover, as Dr. Maliva testified, “plausible” could
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mean a “non-zero probability,”244 and Dr. Cunningham’s “interpretation is just
speculation.”245 Dr. Cunningham “provided no evidence that there are flow features.”246
79.

But there is evidence that the features in this region are hydraulically inactive.247 As Dr.
Maliva explains, the features identified by Cunningham are not “modern faulting,”248 but
are part of “a fossil event that’s very widespread.”249 This fossil event encompasses other
wastewater treatment plants and their injection wells, where the features have proven to
be inactive. For example, as Dr. Maliva testified during the hearing, at the Palm Beach
County, East Central Wastewater Treatment Plant a natural feature passes between two
injection wells,250 but it has proven to be hydraulically inactive.251 The wastewater
remains 650 feet below the base of the USDW252 even though that plant has wastewater
injection flow rates over 5 times greater than the anticipated flow rates at Turkey Point.253
Similar evidence was seen at the Bonita Springs site.254 All of this testimony is
uncontroverted.

80.

Furthermore, subsurface features are more likely to be hydraulically inactive because
they are the result of an old fossil event. As Dr. Maliva explains, “fractures tend to heal
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over time.”255 This was seen at the Sanibel Island Water Association Well, where
hundreds of feet of breccia (fractured rock) were identified, but the fractures were all
cemented resulting in insufficient transmissivity.256 It is possible that the fractures
identified by Dr. Cunningham have healed, like the others from this fossil event. Mr.
Quarles’ response is to note that “you can’t always assume that a fracture is going to
heal.”257 But he provides no actual evidence to indicate the presence of hydraulically
active subsurface features or widespread fracturing at Turkey Point.
1.
81.

Seismic-Reflection Analysis Is Useless Because It Cannot Be Used to
Identify Hydraulically Active Features.

Given the prevalence of hydraulically inactive features in Southern Florida, an analysis
that simply identifies features, such as seismic-reflection analysis, is useless for well
permitting purposes. As Dr. Maliva stated during the hearing, seismic-reflection analysis
“contrast[s] acoustic impedance between strata,” and shows the “boundaries of
formation[s].”258 But “it doesn’t provide any information about the actual properties of
the formations themselves,”259 and will show healed fractures the same as active
fractures.260

82.

Because seismic-reflection analysis does not differentiate between active and inactive
features “it doesn’t provide you actionable information,”261 which is “why it hasn’t been
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done” to support injection well system permitting.262 Nor could it be combined with
another analysis to provide data on hydraulic properties.263 As Dr. Maliva testified,
“[c]ertainly, it’s not worth a million dollar plus cost to run it and process the data” given
that “it’s not useful information.”264
83.

Mr. Quarles does not challenge the fact that seismic-reflection analysis cannot identify
the likelihood of hydraulic activity. Instead, at the hearing Mr. Quarles stated that
“according to Dr. Walsh and Cunningham, [seismic-reflection analysis] certainly -there’s an immediate need that it would be useful and beneficial.”265

84.

First, Dr. Cunningham’s seismic-reflection analyses did not clearly identify any
hydraulically active vertical conduits.266 Mr. Quarles now points to a natural feature at
the North District site,267 but that feature was identified using geophysical logs, not
seismic-reflection analysis.268

85.

In addition, the statement that Mr. Quarles cites from Dr. Walsh (who, like Dr.
Cunningham, was not a witness in this case and therefore not subject to examination) is
one line out of a 162-page dissertation, where, in 2012, she “recommended” seismicreflection analysis for future sites.269 But in the five years since her recommendation, the
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FDEP still has not required seismic-reflection analysis, nor has it indicated any intent to
do so in the future, as Mr. Quarles acknowledged during the hearing.270
86.

Indeed, although seismic reflection technology has been available since the 1970s,271 the
FDEP has never required that such an analysis be performed in order to permit a Class I
injection well system.272 As even Mr. Quarles acknowledged during the hearing, the
FDEP does not require the use of seismic-reflection analysis.273

87.

Mr. Quarles also attempts to find support in the 2005 EPA UIC rule. He claims that the
rule
talked about other technologies [that] would be useful to be able to
demonstrate these conduit-type situations that seemed to be occurring.
They didn't specify one technology or the other, but clearly the use of
seismic technologies would fill a void and be very useful and reasonable
when it comes to explaining the instances of unintended vertical migration
of wastewater.274

88.

But as Mr. Quarles acknowledged at the hearing, the UIC rule does not specifically
mention or recommend seismic-reflection analysis.275

89.

In fact, the UIC rule also does not recommend adopting any additional technology to
identify “conduit-type situations.” Rather, it discards the possibility of using such
technology. According to the EPA, a “more in-depth modeling effort to show the extent
of vertical and horizontal movement of the hundreds of millions of gallons a day would
require information on the location and extent of fissures, cracks, voids, and channels
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which is impossible, using current technologies, to obtain with any certainty.”276 Indeed,
as Dr. Maliva testified, seismic-reflection analysis is not useful to determine the extent of
vertical and horizontal movement of water because “it does not help identify whether or
not wastewater will migrate.”277
90.

In short, the UIC rule does not suggest that the use of seismic-reflection analysis would
fill any void or be useful and reasonable when modeling the movement of water. Instead,
the rule “maintain[ed] the current confinement analysis procedures and then upgrade[d]
the treatment process,”278 “embrac[ing] the long-standing approach of controlling
injectate quality as a way to ensure protection when fluid movement is known or
suspected”279 instead of expending additional efforts to identify pathways.
D.

91.

Past Experiences At The South District Plant Are Not Applicable To Turkey
Point.

Mr. Quarles also claims that various studies regarding the South District Plant portend
upward migration at Turkey Point. In support of this theory, Mr. Quarles makes two
contradictory assertions; either: 1) the vertical hydraulic conductivity at the South District
Plant -- and also Turkey Point -- is insufficient to demonstrate confinement;280 or 2) the
vertical hydraulic conductivity is irrelevant because of “the more likely vertical transport
mechanisms associated with vertical leakage - bedrock vertical fractures and faults that
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can extend hundreds and thousands of feet, and well failures recognized by the Starr,
Walsh and Price, and Cunningham studies.”281
92.

During the hearing, Mr. Quarles asserted for the first time that the vertical hydraulic
conductivity at the South District Plant, and Turkey Point, is insufficient to support
confinement. In response to a question from the Board regarding data from EW-1, Mr.
Quarles came up with the following, new explanation:
the [Starr Report (Exh. INT-013)], the Idaho National Lab [report] that
was done, the investigation for the South District Wastewaster Treatment
Plant, when they reviewed existing data for the South District Plant they
said that the data were not sufficient to demonstrate confinement. And in
particular, he pointed out that permeability or hydraulic conductivity
values in the range of 10-4 [--] which I believe 38 percent of the core
samples that were sent at Turkey Point represent 10-4 [--] were
representative of a vertical permeability or seepage rate equivalent to a
silty sand. So that would not be indicative of confinement.282

93.

Because this is a new claim, FPL’s witnesses did not have a full opportunity to address
hydraulic conductivity. However, the hydraulic conductivity measured at Turkey Point is
specifically considered in FPL’s groundwater movement model.283 As Dr. Maliva
testified, after taking the vertical hydraulic conductivity values at Turkey Point into
account, the wastewater is still expected to remain over 1000 feet below the base of the
USDW after 100 years.284 Mr. Quarles has not challenged the manner in which that
hydraulic conductivity was incorporated into FPL’s groundwater model or the model’s
results.
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94.

Regarding Mr. Quarles’ prior assertions that migration of wastewater at the South District
Plant indicates the possibility of “bedrock vertical fractures and faults that can extend
hundreds and thousands of feet, and well failures”285 at Turkey Point, both the NRC Staff
and FPL witnesses have opined that the likely cause of upward migration there was well
construction issues.286 At the hearing, Mr. Quarles argued that he has not “seen any proof
other than one example of a casing of a well that was improperly constructed or corroded
or something happened that perhaps failed.”287 But the NRC Staff and FPL witnesses
disagree.

95.

The NRC specifically analyzed the data from the South District Plant when creating the
FEIS, as the Staff “evaluated the nearest possible site that [they] could that had an
abundance of data and that was the South District Wastewater Treatment Plant.”288
During their analysis, the Staff identified evidence of well construction issues, but there
was no similar evidence for natural pathways at the South District Plant site.289 Thus, the
NRC Staff determined, and it is Mr. Barnhurst’s professional opinion,290 that the upward
migration there was most likely due to well issues.291

96.

FPL experts agree with the NRC Staff that “[t]he prevailing opinion is that this upward
movement [at the South District Plant] was likely due to well construction issues rather
than hydrogeological issues.”292 In Dr. Maliva’s opinion, “the presence of multiple

285

INT-022 (Quarles) at A16.
See, e.g., Tr. 747:11 – 748:25 (Barnhurst); FPL-003 (Maliva) at ¶ 57.
287
Tr. 708:16-19 (Quarles).
288
Tr. 700:7-10 (Barnhurst).
289
See Tr. 747:11 – 748:25 (Barnhurst). See also Tr. 744:22 – 745:3 (Barnhurst).
290
Tr. 744:4 – 745:9 (Barnhurst).
291
Tr. 747:11 – 748:25 (Barnhurst).
292
FPL-003 (Maliva) at ¶ 57.
286

47

spatially isolated ‘plumes’ of wastewater in the lower USDW at the South District Plant
is much more consistent with well construction issues than natural breaches in the
confining strata.”293
97.

This finding is also consistent with the overall tone of the scholarly literature.294 For
example, Dausman (2010) states that “[t]he results reveal that vertical effluent migration
could occur as diffuse flow through heterogeneous confining units; however, flow
through a channelized pathway caused by well construction appears to be more
likely.”295

98.

As discussed by Walsh and Price (2010), no fracturing of the confining strata was
indicated at the South District Plant, but some wells were cased above the dolomite
confining unit, “a possible cause of the buoyant upward migration of injected fluids.”296
Walsh and Price (2010) also note that a failure at South District Plant well BZ-4 provided
a direct pathway upward until the well was plugged.297

99.

Additionally, as Mr. McNabb noted during his testimony, “since we’ve changed our
construction techniques, we’re just not seeing the problems that we were having.”298 The
noted instances of upwelling were in older wells, and there has not been any recent
evidence of upwelling.299
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100.

While Mr. Quarles did not research the South District Plant sites with upward migration
to know when the wells were constructed,300 the wells at issue were created prior to,301
and in fact triggered, improvements in well construction. As Dr. Maliva notes, “the
experiences at the South District Plant sort of prompted changes in well drilling
practices.”302 These changes occurred in the late 1990s,303 providing about 20 years of
operating data using the new well construction techniques.304

101.

These new techniques include backplugging the pilot hole,305 which “was a suspected
cause of problems.”306 As Dr. Maliva explained during the hearing, in the past a pilot
hole was drilled to the total depth and then the well was reamed, but the well might not
coincide with the pilot hole. 307 This would leave an open vertical conduit for fluid to
travel upwards.308 Even Mr. Quarles acknowledged that backplugging “is a great idea
that should be done.”309 Another change includes the use of fiberglass reinforced plastic
instead of steel casings for corrosion resistance,310 as at least one well suffered from a
corrosion-related failure.311
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102.

Importantly, the South District Plant simply is not the Turkey Point site. It is nine miles
away,312 and the geology at Turkey Point is more favorable for deep well injection.313
Indeed, as Dr. Maliva stated in his initial testimony, “the thickness of the confining strata
at the South District Plant is approximately 810 feet, which is nearly half the 1,465 feet of
confining strata encountered in Turkey Point well EW-1.”314 This fact was not
challenged by the Joint Intervenors. The larger confining strata at Turkey Point
“provides an additional barrier against upwards migration of injected fluids” not found at
the South District Plant.315

103.

Finally, even if there were natural features at the South District Plant allowing for the
upward migration of wastewater, of which there is no evidence, there is also no evidence
of any such natural features at Turkey Point itself.
E.

104.

Even If Wastewater Migrated Into The USDW, It Would Not Reach A
Potable Water Supply.

Even if all of the above barriers failed and wastewater from Turkey Point somehow
migrated upwards into the USDW, the evidence in this case makes it clear that there
would still be no impact on any potable water source.

105.

Turkey Point is nowhere near a potable water source. The uncontroverted testimony in
this case makes it clear that “[t]he nearest existing or planned Floridan Aquifer public
supply wells are located over 10 miles west of the Turkey Point site, in the up-gradient
direction, opposite from the direction of groundwater flow.”316 Nor is it likely that a
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potable supply well will be located any closer, “due to the presence of the plant and
proximity to the coast.”317 Indeed, based on his more than 30 years of experience in the
industry, Dr. Maliva concluded that “[i]t is inconceivable that potable public water supply
wells would ever be installed close enough to Turkey Point to result in the contamination
of potable drinking water due to wastewater injected from the proposed plant.”318
106.

FPL and the NRC Staff considered the extent of horizontal movement (in the Boulder
Zone) in their groundwater models. Horizontal movement includes two components: the
natural groundwater flow rate, and the flow of wastewater from injection well pressure.319
The first component -- the groundwater flow rate in the Boulder Zone -- is extremely
slow, with water moving slightly less than 60 feet per year, or 1.1 miles per century.320

107.

The flow of water due to injection well pressure is faster. As Dr. Maliva described
during the hearing:
the rate of lateral horizontal flow of wastewater is largely a matter of just
physical displacement. You inject a certain volume of water into sort of a
disk. You have a certain thickness, certain porosity. The water is going to
move much faster than that ten feet. That’s just the ambient gradient. But
again, it’s purely a physical displacement. How far out the water moves in
a given time interval is going to depend on the injected volume, the []
thickness, and the porosity of the injection zone.321

108.

The extent of this physical displacement was modeled in the groundwater flow models.
FPL’s groundwater model performed by Dr. Maliva determined that the horizontal extent
of the wastewater after 100 years would be 4 miles, with a 1.7 mile mixing zone.322
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319
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Similarly, the NRC Staff determined that the extent of horizontal movement would be
less than 4 miles.323 There are no potable water wells within 4 miles of the site. In fact,
the closest potable water well is 11 miles away,324 nearly three times the distance that the
wastewater is modeled to travel.
109.

In short, neither the NRC Staff nor the FPL analysis predicts that the wastewater will
move anywhere near far enough to reach a potable water supply well.

110.

Mr. Quarles referenced the Dausman study to claim that the wastewater may travel
greater distances, specifically 13 miles away.325 However, the Dausman study modeled
the South District Plant and incorporated parameters typical of wastewater injection at
that plant.326 This means that the model assumed wastewater flow rates five times greater
than those of Turkey Point.327 Of course, the distance that wastewater travels is “going to
depend on the injected volume,”328 so a study assuming five times the injected volume of
wastewater of Turkey Point will naturally show wastewater travelling distances that are
much greater than those at Turkey Point. Thus, this 13-mile estimate is inapplicable to
the Turkey Point site.329 In addition, Dr. Maliva testified that the Dausman study is a
“four page extended conference abstract, not a full-length peer-reviewed paper, so great
care has to be taken when interpreting the limited presented results.”330
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111.

Ultimately, for the four constituents at issue to have an impact on human health, they
would have to enter a potable drinking water supply. As described above, the record in
this proceeding shows that, at most, wastewater injected at Turkey Point may travel
horizontally four miles,331 and it may migrate 300-450 feet upwards into the confining
unit,332 never reaching the USDW. However, even if a full breach of the confining unit
were assumed, the wastewater still would not reach the nearest source of potable water,
11 miles to the west,333 and upon reaching the Upper Floridan Aquifer would travel
southeast out to sea.334

112.

Accordingly, there are numerous barriers -- including distance and the direction of
groundwater flow -- that would prevent the wastewater injected at Turkey Point from
entering a potable water supply if it were to somehow breach the over 1,400 feet of
confining strata.335

113.

There is also overwhelming historical experience demonstrating that wastewater is
unlikely to enter a potable water supply. In the entire history of wastewater injection in
Florida (which dates back to 1943336 and includes over 180 Class I injection wells337),
wastewater has never entered a potable water supply.338 Joint Intervenors have advanced
no credible reason to believe that wastewater injected at Turkey Point would be the first
to do so.
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F.

Well Construction Techniques, Well Monitoring, And FDEP Oversight
Provide Additional Assurance That Environmental Impacts From The Four
Constituents At Issue, If Any, Will Be No Greater Than Small.
1.

114.

Well Construction Techniques

In addition to all of the barriers to wastewater migration described above, advanced well
construction techniques provide another layer of assurance that the environmental
impacts at issue in this case, if any, will be no greater than small.

115.

The injection wells at Turkey Point will be constructed in accordance “with the
conditions of their permits and the requirements of Florida Administrative Code (FAC)
62-528.”339 This includes the following:
The wells will be constructed of multiple concentric steel casings, each
with a wall thickness of 3/8 or 1/2 inch, cemented into place. The inside
and outside of each casing, except the smallest (24 inch) casing, will be
fully encased in cement. A fiberglass reinforced plastic (FRP) injection
liner, selected for its corrosion resistance, will be inside the smallest
casing. The annular space between the smallest casing and the injection
liner will be sealed at the base of the tubing and at the surface and filled
with a corrosion inhibiter, protecting the inside of the 24-inch diameter
casing from corrosion. Each casing will be cemented from the base to the
land surface to prevent movement of fluids into or between the USDW,
maintain groundwater quality in aquifers above the injection zone, and
protect the casings from corrosion.340

116.

Each casing is surrounded by approximately 5 inches of cement.341 This design is shown
in Figure 3, below (reproduced from Mr. McNabb’s testimony).342
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Figure 3. Typical Well Design.
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117.

Mr. Quarles does not challenge any specific aspect of the well design; in fact he admits
that he “[doesn’t] see the procedures as being inadequate or deficient.”343

118.

Instead, Mr. Quarles’ criticism is that drilling a 3,000 foot well is an “imperfect science”
and “mistakes do happen.”344 Mr. Quarles claims that well construction is risky, for a
variety of reasons:
•

The casing may be set too shallow;

•

The amount of grout injected into the pilot hole may be insufficient as it is based
on a “grout balance” equation; and

•
119.

The amount of grout surrounding the casings may be insufficient.345

Mr. Quarles appears to misunderstand how the Turkey Point wells will be constructed.
First, as Mr. McNabb testified during the hearing, when backfilling the pilot hole there is
no guesswork, there is no cementing calculation, and there is not even grout.346

120.

The well drillers (including the engineer of record) pump in an initial amount of cement,
such as 300 barrels, and allow that cement to set.347 They then lower the cement line
until it is touching the top of the cement, confirming the location of the existing cement,
before pouring more cement into the hole.348

121.

An additional step is added when cementing around the casings to ensure accuracy. Once
the cement has set, the drillers use a temperature log to estimate where the top of the

343
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345
See Tr. 731:11 – 733:24 (Quarles).
346
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existing cement is located.349 They then lower the cement line until it is touching the top
of the existing cement and compare that depth to the temperature log to ensure that they
“don’t get fooled.”350 A cement bond log is also performed to ensure proper cementing
between the final casing and the bedrock formation, which, according to Dr. Maliva at
the hearing, “will tell you if there’s any gaps or anything in the cement.”351
122.

While Mr. Quarles previously “discussed the mechanical integrity test cement bond log
not being done to the full depth, length of the boring,” at the hearing he admitted he “was
incorrect in that comment,” as “it was done.”352

123.

The FDEP has also learned from prior mistakes where the final casing was set too
shallow.353 The FDEP now approves the depth of casings, and requires that the final
casing be set at least within 50 feet, or more likely 20 feet, of the top of the Boulder
Zone.354 The FDEP will not approve the casing unless it is “right on top of your
[B]oulder [Z]one.”355

124.

When it comes to drilling a deep injection well, none of these steps are “left to the option
of the well driller.”356 There is rigorous oversight from the engineer of record, the FDEP,
and the owner’s representatives.357 The FDEP also reviews detailed specifications, which
have specific instructions about how the well should be drilled.358 Finally, there are

349
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rigorous reporting requirements. As Dr. Maliva testified at the hearing, “[y]ou have to
report to [the FDEP] on a weekly basis on what’s going on, drilling progress, what
you’ve done this week, what you plan next week, the results of any testing during that
one week, that previous week period. You need to provide them copies of all of the
geophysical logs run. It’s a very rigorous oversight procedure.”359
125.

The FDEP also requires mechanical integrity testing. During well construction,
mechanical integrity testing includes: pressure testing on the final casing; a temperature
log on the final casing; a cement bond log; the installation of the injection liner; followed
by a pressure test on the annular space; a radioactive tracer survey;360 and a video survey
of the full well.361 The FDEP then requires that the mechanical integrity test reoccur
every 5 years.362 The subsequent testing includes all of the same steps as the initial test
with the exception of the cement bond log, as described below.363

126.

As the NRC Staff phrased it during the hearing, all of this, including the improved well
construction techniques, is “another piece” or “kind of layer of protection.”364
2.

127.

Well Monitoring

Comprehensive, and in many cases continuous, well monitoring provides an additional
level of assurance that the environmental impacts at issue in this case, if any, will be no
greater than small.
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128.

There are two main areas of monitoring for leaks and upward migration at the Turkey
Point site: (1) monitoring at the injection well itself; and (2) monitoring at the dual-zone
monitor well.365 These monitoring schemes are sufficient to detect leaks or upward
migration before there are significant releases to the Upper Floridan Aquifer.366
a.

129.

Injection Well Monitoring

First, there will be monitoring at each Turkey Pont injection well. This includes
continuous flow rate monitoring, continuous wellhead operating pressure monitoring, and
continuous pressure monitoring in the annulus of the injection well.367 The annular
pressure monitoring is intended to address leaks in the tubing or casing of the injection
well that would cause a loss of pressure in the annular space.368 The data from this
continuous monitoring is included in a monthly operating report.369 Additionally, the
FDEP must be informed “within 24 hours of an indication of a lack of mechanical
integrity.”370

130.

If annular pressure is lost, there is no immediate catastrophic consequence. Mr. McNabb
pointed out at the hearing that, if pressure is lost, the “non-hazardous annular fluid” leaks
out of the bottom of the well and into the Boulder Zone before the pressure of the well
and the annular space equalizes.371
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See FPL-002 (McNabb) at ¶¶ 44-45.
See FPL-002 (McNabb) at ¶¶ 44-45.
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131.

In the worst case scenario, some of the injection fluid would find its way into the annular
space.372 But even if that fluid makes it into the annular space, it is still at least one 0.5inch steel casing and 5 inches of cement away from the subsurface geology.373 If a leak
occurs near the top of the well, then the annular space is one 0.5-inch steel casing, 5
inches of cement, a 3/8-inch casing, 5 more inches of cement, another 3/8-inch casing,
and another 5 inches of cement away from the subsurface geology.374

132.

If a leak occurs in the packer at the bottom of the well, as is most common, it can be
fixed.375

133.

In addition to monitoring in the injection well, the waste stream that goes down the
injection well will be sampled first on a weekly basis and then on a monthly basis after
approximately 6 months.376 The waste sample will be monitored for 10-12 parameters
including pH, temperature, sulfates, total dissolved solids, chloride, specific conductivity,
calcium bicarbonate, potassium, magnesium, and others.377

134.

Each injection well will also undergo mechanical integrity testing a minimum of every
five years, in accordance with FDEP requirements.378 As Mr. McNabb describes:
The mechanical integrity test includes: a video survey of the injection
tubing and injection zone; a pressure test where the annular space between
the final casing and the FRP injection tubing is pressurized, typically to
approximately 150 psi; and performance of a high-resolution temperature
log and radioactive tracer survey on the well. Data from these tests will be
summarized in a report that also includes the previous five years of
operating and monitoring data with an interpretation of such data. The
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FDEP will review this operating data every five years as part of the well
permit renewal process.379
b.
135.

Dual-Zone Monitor Well

In addition to injection well monitoring, Turkey Point will have in place a groundwater
monitoring program. This is the monitoring system that is most likely to detect a breach
in the confining unit.380 For this program, FPL will rely on dual-zone monitor wells
located 75 feet from the injection wells, in accordance with FDEP requirements.381

136.

The FDEP requires that dual-zone monitor wells be located within close proximity to the
injection wells because this is where the injection pressure is the greatest and therefore
the most likely location of vertical migration.382 As the fluid moves away from the point
of injection, the pressure quickly dissipates, reducing the likelihood of upward
migration.383

137.

These wells will detect upward fluid movement or leaks, before any drinking water is
impacted, by providing water samples and water level data from two zones: one near the
base of the USDW, and one below the base of the USDW near the top of the confining
unit.384

138.

Water samples from the dual-zone monitor wells “will be collected on a weekly basis
during the first six months to two years of operation and monthly thereafter, in
accordance with FDEP regulations.”385 After collection, the water samples will be
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analyzed for the same parameters that were measured in the wastestream, in an effort to
detect any changes in the water that would indicate fluids migrating upward from the
injection zone.386
139.

The continuous water level analysis may also provide an opportunity to identify vertical
fluid migration or leaks.387 This analysis will indicate a freshening trend (and the
accompanying increase in pressure) if wastewater moves upwards through the confining
unit.388 Ultimately, the FDEP-required monitoring would be sufficient to detect leaks or
upward migration before significant releases to the Upper Floridan Aquifer occur.389

140.

Furthermore, as Mr. McNabb testified at the hearing, if a leak did occur FPL would have
to report the event to the FDEP.390 FPL and the FDEP would then work together to solve
the problem, and the FDEP would likely require FPL to enter into a consent order
allowing the FDEP to compel FPL to undertake certain remedies by FDEP-mandated
deadlines.391 Possible remedies include: “performing additional mechanical integrity or
other tests on the injection wells; deepening the injection wells and installing a deeper
injection casing; increasing the density of the injected wastestream to equal or exceed the
density of the Boulder Zone water; or removing one or more injection wells from
service” (e.g., potentially plugging or abandoning a well).392 FPL may also collect data
from the monitoring wells more frequently.393
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c.
141.

Mr. Quarles’ Allegations Regarding The Inadequacy of
Wastewater Monitoring Are Baseless.

Mr. Quarles has alleged that wastewater monitoring may not be able to detect upward
migration because the sampling is not frequent enough and because the wastewater may
either migrate horizontally before moving upwards or bypass a lower monitor.394

142.

In arguing that the sampling is too infrequent, Mr. Quarles continually refers to “testing
on a quarterly basis” of the four constituents at issue.395 Of course, those constituents are
not a part of the regular monitoring program at Turkey Point -- as Dr. Maliva testified
during the hearing: “that would make no sense.”396 FPL tests for parameters that would
clearly indicate the presence of injected wastewater, such as chloride, salinity, and
nitrogen.397 It is ideal to test parameters for which “there’s a very large difference
between [the] [injected] water and the native ground water, so that even if you saw a little
bit of mixing, you would detect it.”398 Parameters that are already at the edge of
detection limits could not be used as the leading indicator of the upward migration of
wastewater.

143.

Mr. Quarles’ criticism of quarterly testing also fails to recognize, as discussed above, that
the other types of monitoring in many cases will be continuous.

144.

Regarding Mr. Quarles’ claim that the wastewater will migrate horizontally and then
upwards, Mr. McNabb notes that it is “highly, highly unlikely” that fluid will migrate
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away from the well and then upward.399 After all, the FDEP requires that the monitor
well is placed where it is most likely that there will be fluid migration: near the injection
well.400 As the water moves further from the injection well, mixing reduces the buoyant
forces, making upward migration less likely.401
145.

Additionally, Dr. Maliva has noted that he considers wastewater bypassing a lower zone
to be an indicator of a well construction issue.402 Such issues are unlikely now that well
construction methods have improved.403 To the extent that Mr. Quarles believes that
water may bypass a monitoring well through a hydraulically active fault or other natural
features, he has not shown that any such features are expected to exist at the Turkey Point
site.404 And, in any event, monitoring is only one of many barriers to preventing
migration into potable water sources.

146.

Finally, Mr. Quarles refers to the EPA UIC rulemaking to assert that “compliance
monitoring systems don’t work.”405 The EPA may have a different view than the FDEP,
which has developed the extensive regulatory scheme that is applicable to Turkey
Point.406 But the EPA did not recommend any changes in well monitoring technology in
the UIC rulemaking.407 The EPA instead required that wastewater be treated to a higher
level to ensure that migration into the USDW would not result in a regulatory violation or
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endangerment.408 The South District Plant has implemented this requirement, so the
wastewater to be injected at Turkey Point will have undergone the high-level treatment
required by the EPA.409
G.

The FEIS Correctly Concluded That The Environmental Impacts Of The
Four Chemicals At Issue Will Be Small, Even If The Chemicals Somehow
Avoided All The Barriers Described Above And Migrated Into Potable
Drinking Water.
1.

147.

Introduction

Contention 2.1 states that the FEIS erred in finding that the environmental impacts of
heptachlor, ethylbenzene, toluene, and tetrachloroethylene, in the concentrations set forth
in FEIS Table 3-5, would be small. As set forth above, there are multiple barriers that
ensure the Turkey Point wastewater will not enter potable water sources. However, as
described below, even in the extremely unlikely event that the wastewater somehow
avoided all of these barriers and entered drinking water supplies, the environmental
impacts from these chemicals, if any, would still be no greater than small given their low
concentrations.

148.

Dr. Christopher Teaf, a Ph.D. in Toxicology and the Director of the Center for
Biomedical and Toxicological Research at Florida State University, who has more than
30 years of experience in the field of toxicology,410 testified that the four chemicals, at
the concentrations set forth in FEIS Table 3-5, will have no detectable impact on sources
of drinking water or the UFA with regard to human health, even if directly injected into
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drinking water sources.411 Dr. Ann Miracle, a Ph.D. in molecular biology with
experience in toxicology,412 agrees.413
149.

Accordingly, it is unfounded for the Joint Intervenors to contend that the FEIS was
deficient in concluding that the environmental impacts from these chemicals will be
“small.”

150.

The Table 3-5 concentrations of the four chemicals are all below their respective EPA
Maximum Contaminant Level (“MCLs”). The opinions of Dr. Teaf and Dr. Miracle rely
significantly, though not exclusively, on this fact. Mr. Quarles, who has no degree or
formal training in toxicology, believes that the NRC Staff should have applied a different
standard, the EPA’s Maximum Contaminant Level Goal (“MCLG”), 414 which for two of
the chemicals (heptachlor and tetrachloroethylene) is lower than the MCL. Dr. Teaf and
Dr. Miracle disagree.

151.

As both Dr. Teaf and Dr. Miracle explain, an MCL is the chemical concentration
established by the EPA that it uses to determine the safety of distributed drinking water
throughout the United States,415 while the MCLG is a level at which no adverse effects
may arise, with a significant margin of safety.416 As the name indicates, MCLGs
represent a non-enforceable public health goal.417 Because MCLGs include a large
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margin of safety, detection of a chemical above the MCLG but below the MCL does not
indicate a human health risk.418
152.

Moreover, as Dr. Teaf and Dr. Miracle testify, the MCL -- and not the MCLG -- is the
standard used by qualified professionals in the field of toxicology to evaluate
environmental impacts.419 MCLs are established under the Safe Drinking Water Act, and
are the values used to determine the safety of distributed water throughout the United
States.420 Concentrations at or below an MCL “could be present in drinking water
essentially anywhere, whether it’s groundwater in this particular instance, or whether it’s
distributed water in a municipal water supply.”421 Indeed, Mr. Quarles agreed during the
hearing that the EPA has determined that the MCL “is acceptable as a primary drinking
water standard,”422 and that MCLs “are typically and primarily used” to assess
environmental impacts.423

153.

To use the MCLG as the sole means to evaluate the environmental impacts of heptachlor
in this case would be completely inconsistent with how qualified professionals in the
human health risk assessment field make such determinations.424 In fact, Dr. Teaf, Dr.
Miracle, and Mr. Quarles all stated during the hearing that they are unaware of any
injection well system in the United States where MCLGs have been used as the regulatory
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standard rather than the MCL.425 The MCL, therefore, is the appropriate standard for the
NRC to use in this case when evaluating impacts of the four chemicals at issue.426
2.

154.

The FEIS Correctly Concluded That The Environmental Impact
From Ethylbenzene, In The Concentration Set Forth In Table 3-5,
Will Be No Greater Than Small.

Ethylbenzene is a colorless, flammable liquid with an aromatic odor. It is a natural
component of petroleum products and commonly is found in aviation and motor vehicle
fuels. It is also a component of common solvents, pesticides, printing ink, varnishes,
coatings, and paints. Ethylbenzene is highly volatile.427

155.

The MCL for ethylbenzene is 0.7 mg/L.428 The MCLG for ethylbenzene is equivalent to
the MCL (0.7 mg/L).429 The FEIS Table 3-5 concentration for ethylbenzene is below the
Method Detection Limit (MDL).430 This means that the concentration of ethylbenzene
was so small that it could not be measured reliably,431 and therefore is below the
applicable MCL432 (and MCLG433).

156.

Because the Table 3-5 concentration of ethylbenzene is below its MCL and MCLG, Dr.
Teaf and Dr. Miracle confirmed at the hearing that, by definition, the concentration of
ethylbenzene at issue in this case is at a level at which no known or anticipated adverse
effect on the health of a person would occur.434
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FPL-062 (Teaf) at ¶ 11; NRC-002-R2 (Miracle, Barnhurst) at A33.
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FPL-004 (Teaf) at ¶¶ 17 (Table 1), 23; NRC-008 at Table 3-5 (FEIS).
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FPL-004 (Teaf) at ¶ 17, n.1; Tr. 803:12 – 804:5 (Teaf, Miracle, Quarles); NRC-002-R2 (Miracle) at A29.
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NRC-002-R2 (Miracle) at A33; see also FPL-062 (Teaf) at ¶ 11.
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Tr. 806:9-14 (Quarles); see also FPL-062 (Teaf) at ¶ 11.
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Tr. 805:14-22 (Teaf, Miracle); see also FPL-004 (Teaf) at ¶¶ 23, 45; NRC-002-R2 (Miracle, Barnhurst) at A33.
426

68

157.

Even Mr. Quarles agreed at the hearing that, by definition, ethylbenzene at the reported
concentration could be injected into the drinking water and no known or anticipated
adverse health effect would occur and there would be an adequate margin to any such
effects.435

158.

Although studies have shown there is some indication that acute inhalation exposures to
ethylbenzene at very high concentrations (1,000 parts per million or greater) can result in
eye irritation, burning and tearing, such effects are not a concern here because they
involve inhalation (not ingestion) and are related to doses significantly greater than those
at issue in this case.436 Moreover, there is no evidence in the record that adverse health
effects would occur at ethylbenzene doses in amounts lower than those described in these
studies.

159.

For these reasons, there is no basis for the Joint Intervenors’ claim that environmental
impacts from ethylbenzene in Turkey Point’s wastewater will be greater than small.
3.

160.

The FEIS Correctly Concluded That The Environmental Impact
From Toluene, In The Concentration Set Forth In Table 3-5, Will Be
No Greater Than Small.

Toluene is a clear, colorless liquid with a solvent odor. It occurs naturally in crude oil,
many petroleum products, and is added to gasoline. It is widely used as a solvent in the
making of paints, paint thinners, fingernail polish products, lacquers, adhesives, and
rubber products. Toluene is very volatile.437

435

Tr. 806:9-14 (Quarles); Tr. 807:13 – 808:5 (Quarles).
FPL-004 (Teaf) at ¶ 22.
437
FPL-004 (Teaf) at ¶ 24; see also NRC-002-R2 (Miracle, Barnhurst) at A34.
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161.

The MCL for toluene is 1 mg/L.438 The MCLG for toluene is equivalent to the MCL
(1 mg/L).439 The Table 3-5 concentration for toluene is 0.00174 mg/L,440 or more than
500 times less than the MCL and MCLG.441

162.

Because the Table 3-5 concentration at issue for toluene is below its MCL and MCLG,
Dr. Teaf and Dr. Miracle confirmed at the hearing that, by definition, no known adverse
health effects on persons, including an adequate margin of safety, would occur even if
toluene in that concentration was injected directly into drinking water.442

163.

Even Mr. Quarles agreed at the hearing that, according to the EPA, toluene in the Table
3-5 concentration would have no adverse health effects.443

164.

In addition, the level at which even nominal adverse effects have been reported from
ingestion exposure to toluene in animals was at doses more than 87,000 times greater
than the dose from exposure to toluene at the concentration set forth in FEIS Table 3-5.444
There is no evidence in the record that adverse health effects would occur at doses lower
than the amounts in those reports. Nor does Mr. Quarles allege any adverse effects from
toluene.

165.

For these reasons, there is no basis in the record or otherwise for the Joint Intervenors’
claim that environmental impacts from toluene in Turkey Point’s wastewater will be
greater than small.

438

FPL-004 (Teaf) at ¶ 26; NRC-002-R2 (Miracle, Barnhurst) at A34.
FPL-062 (Teaf) at ¶ 11; NRC-002-R2 (Miracle, Barnhurst) at A34.
440
FPL-004 (Teaf) at ¶ 26; NRC-008 at Table 3-5 (FEIS); NRC-002-R2 (Miracle, Barnhurst) at A34.
441
NRC-002-R2 (Miracle, Barnhurst) at A34.
442
Tr. 807:3-11 (Teaf, Miracle); see also FPL-004 (Teaf) at ¶¶ 26, 50; NRC-002-R2 (Miracle, Barnhurst) at A34.
443
Tr. 807:3-12 (Quarles); Tr. 808:4-5 (Quarles).
444
FPL-004 (Teaf) at ¶ 25.
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4.

166.

The FEIS Correctly Concluded That The Environmental Impact
From Heptachlor, In The Concentration Set Forth In Table 3-5, Will
Be No Greater Than Small.

Heptachlor is a chlorinated insecticide that appears as a white or light tan crystalline solid
with a mild camphor or cedar-like odor. Use of heptachlor was phased out beginning in
1974 and the EPA prohibited the future sale, distribution, shipment and use of heptachlor
in 1988, with the exception of specific application for treatment of fire ants in
underground power transformers. The manufacturer of heptachlor did not renew the
registration for the chemical in 1999. Volatilization of heptachlor, while not rapid or
efficient, may occur to a very limited extent.445

167.

The EPA MCL for heptachlor is 0.0004 mg/L.446 Because the FEIS Table 3-5
concentration for heptachlor of 0.000023 mg/L447 is well below the MCL,448 heptachlor
in the concentration at issue in this case is considered safe for consumption in drinking
water.449

168.

The MCLG for heptachlor is zero.450 Mr. Quarles argues in his written testimony that the
FEIS should use MCLGs when evaluating the environmental impacts of heptachlor in
this case.451 However, as set forth in paragraphs 150 - 153 above, the MCL -- and not the
MCLG -- is the standard used by qualified professionals in the field of toxicology to
evaluate environmental impacts.452
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FPL-004 (Teaf) at ¶ 18.
FPL-004 (Teaf) at ¶ 20; Tr. 808:19-22 (Teaf).
447
NRC-008 at Table 3-5 (FEIS); see also Tr. 808:10-18 (Teaf).
448
See Tr. 810:12-17 (Miracle, Teaf).
449
FPL-004 (Teaf) at ¶¶ 20, 33; NRC-002-R2 (Miracle, Barnhurst) at A30.
450
Tr. 808:18-23 (Teaf); FPL-004 (Teaf) at ¶ 20; NRC-002-R2 (Miracle, Barnhurst) at A30.
451
INT-022 (Quarles) at A21; INT-023 (Quarles) at A20, A21.
452
FPL-062 (Teaf) at ¶ 13; Tr. 810:18 – 811:4 (Teaf, Miracle).
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169.

Moreover, as Dr. Teaf pointed out, the lowest exposure level at which adverse effects
from heptachlor have been observed in animal studies was 0.03 mg/kg·day.453 That is
more than 49,500 times greater than the dose that could occur from exposure to
heptachlor at the concentration set forth in Table 3-5, even assuming that the wastewater
was directly consumed as drinking water.454 At the hearing, Mr. Quarles agreed with that
conclusion.455

170.

Mr. Quarles also acknowledged during the hearing that he could point to no study where
heptachlor in the Table 3-5 concentration was associated with any adverse health
impacts.456

171.

In fact, at the hearing Mr. Quarles, Dr. Teaf, and Dr. Miracle all could not cite to any
evidence in the record stating that a concentration of heptachlor above its MCLG of zero
but below its MCL of 0.0004 mg/L would pose a health risk from a drinking water
perspective.457 Nor could any of those witnesses cite to any record evidence stating that a
concentration of heptachlor above zero but below the EPA MCL would have an
environmental impact that is greater than small.458

172.

Mr. Quarles merely relied on a ToxFAQ summary document to support his claim
regarding potential adverse health impacts on the immune and nervous systems from
heptachlor at the Table 3-5 concentration.459 However, during the hearing Mr. Quarles
admitted that the ToxFAQ document on which he relied does not say that heptachlor can

453

FPL-004 (Teaf) at ¶ 19.
FPL-004 (Teaf) at ¶ 19.
455
Tr. 815:15-23 (Quarles).
456
Tr. 812:8-11 (Quarles).
457
Tr. 843:10-22 (Miracle, Teaf, Quarles).
458
Tr. 843:23 – 844:8 (Miracle, Teaf, Quarles).
459
INT-022 (Quarles) at A21.
454
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negatively affect the immune and nervous systems in the concentrations at issue here.460
Mr. Quarles instead acknowledged that the ToxFAQ document does not provide a
specific concentration at which negative effects could be observed.461
173.

The ToxFAQ summary on which Mr. Quarles relied also states that little is known about
heptachlor’s health effects in humans, noting only that at “high levels” it may cause
damage to liver and nervous systems.462 Although the ToxFAQ does not define the term
“high level,” it is inconceivable that heptachlor present in Turkey Point wastewater below
the safe federal drinking water MCL could reasonably be interpreted as a “high level.”

174.

In addition, as Mr. Quarles admitted during the hearing, the ToxFAQ document was the
only source he used for his opinion -- he “did not do any research beyond the ATSDR
ToxFAQs evaluation of heptachlor.”463 He could not point to any study where heptachlor
in the Table 3-5 concentration was associated with any adverse health effects.464

175.

Mr. Quarles claimed that his concerns regarding heptachlor are based on the fact that
heptachlor is a “potential [or] probable human carcinogen.”465 However, as Dr. Teaf
testified during the hearing, the EPA MCL takes into account the potential carcinogenic
nature of heptachlor.466 Indeed, the EPA MCL is considered an acceptable value from a
health and safety perspective, because it falls within the EPA’s potential cancer risk range

460

Tr. 812:21-25 (Quarles).
Tr. 812:21-25 (Quarles).
462
INT-016 at p.5; Tr. 813:1-6 (Quarles).
463
Tr. 812:3-4 (Quarles).
464
Tr. 812:8-11 (Quarles).
465
Tr. 813:19-20 (Quarles).
466
Tr. 813:22 – 814: 17 (Teaf); see also FPL-004 (Teaf) at ¶ 43.
461
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of 1 in 10,000 to 1 in 1 million.467 The Table 3-5 concentration, of course, is about 17
times less than the MCL.468
176.

For these reasons, there is no basis in the record or otherwise for the Joint Intervenors’
claim that environmental impacts from heptachlor in Turkey Point’s wastewater will be
greater than small.
5.

177.

The FEIS Correctly Concluded That The Environmental Impact
From Tetrachloroethylene, In The Concentration Set Forth In Table
3-5, Will Be No Greater Than Small.

Tetrachloroethylene is a nonflammable, colorless liquid with a mildly sweet chloroformlike odor. It is used as a solvent for dry cleaning and textile processing, as a degreasing
and metal cleaning agent, and as a chemical intermediate. Tetrachloroethylene is a
volatile liquid under normal environmental conditions. 469

178.

The EPA MCL for tetrachloroethylene is 0.005 mg/L.470 Because the FEIS Table 3-5
concentration of 0.00359 mg/L for tetrachloroethylene471 is well below its MCL, the
concentration at issue in this case is considered safe for consumption in drinking water.472

179.

The MCLG for tetrachloroethylene is zero.473 Mr. Quarles argues that the MCLG should
be used to evaluate the environmental impacts of tetrachloroethylene in this case.474
However, for the reasons set forth in paragraphs 150-153 above, the MCL -- and not the

467

Tr. 814:11-14 (Teaf).
Tr. 808:10-23 (Teaf).
469
FPL-004 (Teaf) at ¶ 27; see also NRC-002-R2 (Miracle, Barnhurst) at A35.
470
FPL-004 (Teaf) at ¶ 29; NRC-002-R2 (Miracle, Barnhurst) at A35.
471
FPL-004 (Teaf) at ¶ 29; NRC-008 at Table 3-5 (FEIS); NRC-002-R2 (Miracle, Barnhurst) at A35.
472
FPL-004 (Teaf) at ¶¶ 29, 33; NRC-002-R2 (Miracle, Barnhurst) at A35.
473
FPL-004 (Teaf) at ¶ 20; NRC-002-R2 (Miracle, Barnhurst) at A35.
474
INT-022 (Quarles) at A21; INT-023 (Quarles) at A20, A21.
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MCLG -- is the appropriate standard for the NRC Staff to apply to tetrachloroethylene
here.
180.

The protective drinking water standard established by the FDEP for tetrachloroethylene is
0.003 mg/L,475 which is slightly less than the FEIS Table 3-5 concentration for that
chemical. However, as Dr. Teaf testifies, the minor amount by which the Table 3-5
concentration may exceed the state drinking water standard is not of health concern.476
Moreover, Dr. Maliva testified at the hearing that MCLs are “irrelevant” for purposes of
Class I injection well licensing.477 He added: “[y]ou’re allowed to exceed the drinking
water standards. You just cannot be so high as to be a hazardous waste.”478

181.

While health effects from exposure to tetrachloroethylene have been described in the
relevant literature, the doses involved are much higher than would be associated with the
concentration in FEIS Table 3-5.479 For example, Dr. Teaf points out that negative
effects were seen in an infant exposed to breast milk with 10 mg/L of tetrachloroethylene,
which is nearly 2,800 times the maximum concentration listed in Table 3-5.480

182.

As Dr. Teaf, Dr. Miracle, and Mr. Quarles all testified at the hearing, they are unaware of
any other study that shows health effects attributable to tetrachloroethylene at a
concentration lower than in the study described by Dr. Teaf.481 Indeed, Dr. Teaf and Dr.
Miracle could point to no study in the record where tetrachloroethylene in a concentration
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FPL-004 (Teaf) at ¶ 29.
FPL-004 (Teaf) at ¶¶ 29, 30, 38; Tr. 818:11-18 (Teaf).
477
Tr. 871:17-18 (Maliva).
478
Tr. 871:18-20 (Maliva).
479
FPL-004 (Teaf) at ¶ 28.
480
FPL-004 (Teaf) at ¶ 28.
481
Tr. 837:14 – 838:17 (Teaf, Miracle, Quarles).
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of 0.00359 mg/L or less was found to have adverse health consequences.482 And Mr.
Quarles was not aware of any events in the record showing that such a concentration had
adverse health consequences.483
183.

In fact, at the hearing Mr. Quarles, Dr. Teaf, and Dr. Miracle all could not cite to any
evidence in the record stating that a concentration of tetrachloroethylene above zero but
below the EPA MCL would pose a health risk from a drinking water perspective.484 Nor
could any of those witnesses cite to any record evidence stating that a concentration
above zero but below the EPA MCL would have an environmental impact that is greater
than small.485

184.

Moreover, the EPA has recently issued an update to its health-based screening levels
indicating that the protective default tap water screening concentration for
tetrachloroethylene should be 0.011 mg/L, which is well above the Table 3-5
concentration at issue here.486 This update provided Dr. Teaf with additional support for
his conclusion that he has “no concern with, whatsoever, with respect to potential human
health risk here at all” just because the Table 3-5 concentration slightly exceeds the State
MCL of 0.003 mg/L.487

185.

In addition, as Dr. Miracle pointed out at the hearing, following implementation of high
level disinfection at the South District Plant, a year’s worth of sampling between 2013
and 2014 did not detect tetrachloroethylene (or any other of the constituents at issue

482

Tr. 836:24 – 837:8 (Teaf, Miracle).
Tr. at 837:9-13 (Quarles).
484
Tr. 843:10-22 (Miracle, Teaf, Quarles).
485
Tr. 843:23 – 844:8 (Miracle, Teaf, Quarles).
486
FPL-004 (Teaf) at ¶ 29; see also; Tr. 817:19-25 (Teaf).
487
Tr. 818:11-18 (Teaf).
483
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here).488 Dr. Teaf added that the one sample that was used to calculate the
tetrachloroethylene concentration in Table 3-5 contained 1.1 microgram per liter (ug/L)
of the substance and was collected “very early on in the process in 2007.”489 He noted
that subsequent samples between 2007 and 2011 either did not detect the chemical or
“were uncertain numerically,” and that in 2013 and 2014 the approximately 20 samples
collected on six different dates did not detect the chemical at all.490 Accordingly, when
asked at the hearing about the reliability of the Table 3-5 measurement for
tetrachloroethylene, Dr. Teaf testified that the Table 3-5 value, based on one sample, was
uncertain and conservative.491
186.

In any event, even assuming a concentration of 0.00359 mg/L, Dr. Teaf testified at the
hearing that he “literally cannot imagine, based on [his] 35 years of experience, that the
State of Florida would say that you can’t inject water, which is 19 percent above the state
drinking water standard, 3,000 feet down into the [Boulder] [Z]one under the assumption
that it could magically make its way to a drinking water source at the surface, even
understanding that that drinking water … would have to undergo further treatment
beyond that. Those are the kinds of safeguards they would be looking for.”492

488

Tr. 818:25 – 819:8 (Miracle); see also FPL-062 (Teaf) at ¶ 9; NRC-008 at Table 3-5(FEIS); NRC-002-R2
(Barnhurst, Thorne) at A59.
489
Tr. 867:23 – 868:2 (Teaf).
490
Tr. 868:3-11 (Teaf).
491
Tr. 868:16-19 (Teaf).
492
Tr. 820:3-13 (Teaf).
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187.

Mr. Quarles has argued in this proceeding that, “[e]ven at minute concentrations,
tetrachloroethylene can cause nausea, liver damage, impaired heart function, and
death.”493 This testimony is unsupported by evidence in the record.

188.

As Dr. Teaf testified, alleging that any of the four chemicals are harmful at minute
concentrations is “inaccurate and misinformed.”494 In fact, Mr. Quarles’ opinion on this
point “indicates a fundamental misunderstanding and/or ignorance of the effects caused
by these substances, and the doses at which potential effects may, or may not, occur.”495

189.

A generally accepted principle of toxicology is that the simple presence of an agent,
including tetrachloroethylene, in an environmental medium such as water is not sufficient
to assess exposure or significance of potential exposure.496 Rather, it is essential in such
cases to determine a potential dose based on measured or calculated chemical
concentrations and intake rates compared to health-based guidelines, to assess whether an
actual health risk may exist.497

190.

Mr. Quarles also has misinterpreted the information regarding tetrachloroethylene that he
cites to support his arguments.498 According to the ATSDR document that forms the
basis for the tetrachloroethylene ToxFAQ that Mr. Quarles referenced, impaired heart
function was not indicated as a potential health effect, and liver effects were only
reported in animal studies.499 A single case of obstructive jaundice and hepatomegaly
was reported in an infant exposed to tetrachloroethylene in breast milk at a concentration

493

INT-022 (Quarles) at A21.
FPL-004 (Teaf) at ¶ 55.
495
FPL-004 (Teaf) at ¶ 55.
496
FPL-004 (Teaf) at ¶ 56.
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FPL-004 (Teaf) at ¶ 56.
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FPL-062 (Teaf) at ¶ 15.
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FPL-062 (Teaf) at ¶ 15.
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approximately 2,800 times greater than the concentration set forth in FEIS Table 3-5, and
nausea was not reported as a potential health effect by any exposure route.500 Also, it is
nonsensical for Mr. Quarles to list “death” as a potential health effect from
tetrachloroethylene, since death would be of interest only from a highly unusual, massive
acute exposure that would clearly not be related to “minute concentrations.”501
191.

In addition, as Mr. Quarles testified at the hearing, the tetrachloroethylene ToxFAQ says
that certain adverse health consequences can come from exposure to “very high
concentrations” of that chemical.502 Mr. Quarles also confirmed at the hearing that the
tetrachloroethylene ToxFAQ did not say that adverse health consequences can come from
“minute concentrations.”503

192.

Mr. Quarles’s opinion also relies on the fact that tetrachloroethylene is a “probable
carcinogen.”504 However, as both Dr. Teaf and Mr. Quarles recognized at the hearing, the
EPA MCL (which the Table 3-5 concentration for tetrachloroethylene is well below)
already takes into consideration the potential carcinogenic nature of chemicals such a
tetrachloroethylene.505
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FPL-062 (Teaf) at ¶ 15.
FPL-062 (Teaf) at ¶ 15.
502
Tr. 839:3-8 (Quarles).
503
Tr. 839:9-15 (Quarles).
504
INT-022 (Quarles) at A21.
505
Tr. 839:22 – 840:5 (Teaf; Quarles). During the hearing Mr. Quarles also attempted to justify his concern
regarding tetrachloroethylene by raising anecdotal information regarding a matter on which he worked in 2001
that related to ingestion of a chemical (in unidentified doses) that is not at issue in this proceeding,
trichloroethylene. Tr. 821:2 – 823:8 (Quarles). This testimony, therefore, is not material or relevant. To the
extent Mr. Quarles was testifying regarding the potential impacts of trichloroethylene as a breakdown product of
tetrachloroethylene (Tr. 822:19-21), his testimony is outside the scope of this proceeding as the Board has
previously ruled. See Board Memorandum and Order Ruling on Motions to Strike or Exclude (Mar. 15, 2017) at
6-7. In addition, the substance of Mr. Quarles’ testimony was wrong. As Dr. Teaf pointed out, “[t]he Center for
Disease Control did not conclude that there was a relationship between the groundwater contamination and the
cleft palates in that instance. So it’s a sad story. It’s a terrible story. It’s simply not relevant.” Tr. 826:1-6 (Teaf).
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193.

For these reasons, there is no basis in the record or otherwise for the Joint Intervenors’
claim that environmental impacts from tetrachloroethylene in Turkey Point’s wastewater
will be greater than small.

194.

Furthermore, as Dr. Teaf and Dr. Miracle both testify, there is simply no justification for
concluding that any of the four chemicals in the concentrations at issue pose a human
health threat, much less one that is greater than small.506
H.

195.

The Concentrations Set Forth In FEIS Table 3-5 Are Conservative, And
Likely Will Be Considerably Less By The Time Wastewater Is Cycled
Through The Turkey Point Plant, Injected Into The Boulder Zone, And
Somehow Migrates Into The UFA

In addition to all the barriers and the lack of environmental impacts described above, the
evidence in the record also makes it clear that the concentrations of the chemicals set
forth in Table 3-5 are extremely conservative, which further supports the NRC Staff’s
finding that their environmental impact, if any, would be small.

196.

As Mr. Jacobs explained at the hearing, the concentrations set forth in the body of FEIS
Table 3-5 were derived from samples taken at the South District Plant between 2007 and
2011.507 FPL used the maximum concentration that was measured for each chemical
during that sampling period as the basis for its calculations that appear in Table 3-5.508

197.

Conservatively assuming that the chemicals would become concentrated as the
wastewater is cycled through the Turkey Point plant, FPL determined that it initially
should multiply those maximum concentrations by a factor of four to account for the four

506

See, e.g., FPL-004 (Teaf) at ¶ 56; NRC-002-R2 (Miracle, Barnhurst) at A38.
Tr. 848:9-12 (Jacobs); see also NRC-002-R2 (Miracle, Barnhurst) at A29.
508
Tr. 848:12-15, 23-25, 849:16-19 (Jacobs); see also NRC-002-R2 (Miracle, Barnhurst) at A29.
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cycles that the wastewater would run through the plant’s circulating water system before
it is removed.509
198.

However, once the wastewater is removed from the circulating water system, it will be
put into a sump with potable water sources, thereby diluting the wastewater.510 In order
to account for this dilution, FPL ultimately multiplied the maximum measured
concentrations by a factor of 3.3, rather than 4.511 Accordingly, the concentrations in the
body of Table 3-5 equal the maximum measured concentrations for each chemical
between 2007 and 2011, multiplied by approximately 3.3.512

199.

The concentrations that appear in the body of Table 3-5, however, do not take into
account the concentrations measured in sampling that took place between 2013 and
2014,513 and which are referenced in Table 3-5’s footnote (b). As footnote (b) of Table 35 states, concentrations for all four chemicals at issue “were below method detection
limits in South District Wastewater Treatment Plant effluent samples collected in March
2013, July-August 2013, October 2013 and March 2014.”514

200.

The 2013 and 2014 samples referenced in footnote (b) were all taken after high level
disinfection was implemented by the South District Plant.515 As Dr. Miracle testified at

509

Tr. 848:16 – 849:1 (Jacobs).
Tr. 849:2-9 (Jacobs).
511
Tr. 849:9-15 (Jacobs).
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Tr. 849:14-15 (Jacobs).
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NRC-002-R2 (Barnhurst, Thorne) at A59.
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NRC-008 at Table 3-5, n.(b) (FEIS).
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FPL-062 (Teaf) at ¶ 9; Tr. 818:25 – 819:3 (Miracle); Tr. 859:6-7 (Barnhurst); NRC-002-R2 (Barnhurst, Thorne)
at A59.
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the hearing, once the high level disinfection was in place “all four of these constituents
were not detected.”516
201.

While the high level disinfection was not necessarily intended specifically to remove the
particular constituents at issue, Dr. Miracle stated that “the process of going through
additional treatment probably has something to do with further reduction of
concentrations … in this case.”517 And Mr. Barnhurst and Mr. Thorne have testified in
this proceeding that the concentrations of the constituents presented in Table 3-5 “would
be further decreased by high-level disinfection” at the South District Plant.518 In any
event, as Dr. Miracle also pointed out at the hearing, even without the high level
disinfection, the concentrations at issue set forth in Table 3-5 were still below the federal
MCLs.519

202.

Moreover, the Table 3-5 concentrations likely will be even lower before they are injected
into the Boulder Zone. The Table 3-5 concentrations do not account for various
processes -- such as volatilization and additional dilution -- that will take place along the
path of the wastewater’s flow, prior to injection into the Boulder Zone, which would
reduce their concentrations.

203.

As Mr. Barnhurst testified during the hearing, the mechanical draft cooling process at
Turkey Point will induce volatilization of the three volatile constituents (ethylbenzene,
toluene, and tetrachloroethylene).520 Specifically, due to the temperatures, turbulence,
and agitation associated with the cooling process, the volatiles in the water would “be

516

Tr. 845:1-3 (Miracle); see also FPL-062 (Teaf) at ¶ 9; Tr. 818:25 – 819:8 (Miracle).
Tr. 845:18-21 (Miracle).
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NRC-002-R2 (Barnhurst, Thorne) at A66.
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moved from an aqueous state to a gaseous state … [a]nd so the overall effect is that you
would get a reduction in concentration.”521
204.

Dr. Teaf agrees that the concentration of tetrachloroethylene in particular would be
reduced below the state drinking water standard prior to its injection into the Boulder
Zone, because tetrachloroethylene is very volatile and would be released rapidly from the
wastewater due to the inherent heating and agitating processes that take place when the
wastewater is used for cooling purposes.522

205.

These impacts of volatilization were not taken into account when calculating the Table 35 concentrations.523 Nor did the NRC take credit for volatilization in its evaluation,524
despite the fact that, as Mr. Barnhurst testified at the hearing, the NRC recognized that
volatilization would further reduce the concentrations of the volatile constituents at issue
“by a significant amount.”525

206.

Mr. Barnhurst added at the hearing that heptachlor, while not a volatile, would also likely
experience concentration reductions prior to the wastewater’s injection into the Boulder
Zone due to exposure to sunlight.526

207.

The Joint Intervenors did not attempt to account for the impacts of volatilization or
sunlight in their testimony. Nor have they provided any evidence responding to or
contradicting the testimony of FPL and the NRC Staff on these issues.
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Tr. 857:8-23 (Barnhurst); see also NRC-002-R2 (Barnhurst, Thorne) at A61-A62.
FPL-004 (Teaf) at ¶ 38.
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524
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208.

Additional factors not accounted for in Table 3-5 (or addressed by the Joint Intervenors)
will further reduce the concentrations of the chemicals before the wastewater is injected
into the Boulder Zone.

209.

For example, as Mr. Jacobs testified at the hearing, before the reclaimed water is pumped
into the cooling tower system it will be stored in a reservoir containing approximately
350 million gallons of water, where there will be an opportunity for further dilution by
rainfall.527 When the wastewater leaves the cooling tower it will be deposited into a
blowdown sump, which is another open chamber that provides an additional opportunity
for precipitation to further dilute the chemical concentrations.528 And even if one
considers the combination of precipitation and evaporation in such structures, Mr. Jacobs
testified that the concentrations in Table 3-5 would still be reduced.529 No credit was
taken for rainwater in establishing the Table 3-5 concentrations.530

210.

Mr. Barnhurst and Mr. Thorne similarly have testified in this proceeding that the Table 35 concentrations would be reduced due to dilution prior to injection.531

211.

In addition to decreases in chemical concentrations due to volatilization and dilution
prior to injection, once the wastewater is injected into the Boulder Zone the chemicals
will be further diluted below their already low concentrations.

212.

According to Dr. Teaf, although the wastewater would be safe even if injected directly
into the drinking water, “the public health … will be even further protected due to

527

Tr. 861:3-15 (Jacobs); Tr. 862:10-14 (Jacobs).
Tr. 861:15-20 (Jacobs); Tr. 862:14-15 (Jacobs).
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Tr. 885:12-23 (Jacobs).
530
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528

84

dilution.”532 Given the Boulder Zone’s geological features, Dr. Teaf found it reasonable
to assume that wastewater injected there “would be substantially diluted by the time it
may migrate, if at all, to the UFA.”533
213.

Particularly with respect to tetrachloroethylene, Dr. Teaf points out an EPA study (FPL027) that modeled potential dilution and transport following injection into the Boulder
Zone.534 Specifically, that study considered transport modeling using a
tetrachloroethylene concentration of 0.00466 mg/L injected to a depth of 2,900 feet in
Dade County, Florida under two scenarios.535

214.

The first scenario assumed conventional porous media flow, and concluded that
tetrachloroethylene would not be detectable at either the base of the nearest USDW or at
a hypothetical well installed to a depth of 100 feet below ground surface.536 The second
scenario assumed potential bulk flow through preferential flow paths and concluded that
tetrachloroethylene would be detectable at 0.00001 to 0.00002 mg/L at the hypothetical
well or at the base of the nearest USDW, respectively.537

215.

Based on the results of this study, which were unchallenged by the Joint Intervenors, due
to dilution “[i]t is reasonable to assume that injection of wastewater at 0.00359 mg/L
tetrachloroethylene as in Table 3-5, versus 0.00466 mg/L as in the USEPA risk
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FPL-004 (Teaf) at ¶ 30.
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assessment, would yield even lower projected concentrations at the receptors, which also
would not be of human health concern.”538
216.

Dr. Maliva agreed during the hearing that Turkey Point’s wastewater after injection is
“going to be tremendously diluted.”539 Dr. Maliva also testified that, even if the
wastewater migrated through a small conduit, dilution of the chemicals would
nevertheless be “enormous.”540 Because a pumped well draws in water from all
directions (360 degrees), “the contribution from a contaminant source in any one
direction would be minute.”541

217.

When questioned about this during the hearing, Dr. Maliva added that, although dilution
of the wastewater would be less if a production well was located next to an injection well,
there would still be considerable dilution given the geometry of the situation.542 A
production well close to an injection well would still take water from a 360-degree
radius, and the amount of water from any one area (e.g., an injection well) would be only
a “small fraction” of the total.543

218.

Similar to volatilization and pre-injection dilution, the Joint Intervenors did not consider
post-injection dilution in their analysis. Nor did they challenge the testimony of FPL or
the NRC Staff regarding the extent to which post-injection dilution would occur.

219.

The Joint Intervenors also failed to consider the impact on the concentrations that would
result from blending with other freshwater sources (e.g., Biscayne Aquifer), or from
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reverse-osmosis during desalination. As Dr. Maliva testified during the hearing, given
the brackish nature of the water in the area of Turkey Point, in the extremely unlikely
event that someone were to put a potable well near the site, water would have to pass
through a desalination plant before it could be used as potable.544 This process would
greatly reduce or even remove the contaminants of concern.545 According to Dr. Maliva
at the hearing, the combination of desalination and dilution leads him to conclude that the
environmental risk in this case is “infinitesimal.”546
220.

While the impact of reverse osmosis on the chemicals at issue has not been specifically
quantified, Dr. Teaf points out “virtually no dilution”547 through the reverse osmosis
process is required for tetrachloroethylene to meet even state drinking water standards.
Dr. Teaf also noted that “manifolding with water from the Biscayne aquifer can occur,”
in addition to reverse osmosis.548

221.

Finally, regarding the possibility of increased concentrations, the City of Miami has
alleged that “the close proximity of the wells will increase the concentrations of the four
chemicals at issue in these proceedings.”549 That position is baseless. As Dr. Teaf
testified during the hearing, “[y]ou have a certain amount of water at a certain
concentration, it doesn’t matter whether you inject it in one big well or 12 or 13 smaller
wells. The mass is the mass.”550 Dr. Miracle and Mr. Quarles agreed.551
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222.

For these reasons, the Table 3-5 concentrations (which are already below their respective
federal MCLs) are extremely conservative. This provides further support for the FEIS’s
conclusion that the potential environmental impacts from the chemicals at issue in this
case are no greater than small.

V.

CONCLUSIONS OF LAW
A.

223.

NEPA’s Hard Look Requirement And The Rule Of Reason

Section 102 of NEPA, as amended, directs that an EIS be prepared for all Federal Actions
that significantly affect the quality of the human environment.552 The NRC has
implemented Section 102 of NEPA in Title 10 of the C.F.R. Part 51. In 10 C.F.R.
§ 51.20, the NRC has determined that issuance of a COL under 10 C.F.R. Part 52 is an
action that requires preparation of an EIS. In compliance with these requirements, the
NRC Staff prepared the FEIS that is at issue in this proceeding.

224.

The Commission has found that NEPA serves a dual purpose: 1) to ensure that Federal
officials fully take into account the environmental consequences of a Federal action
before reaching major decisions; and 2) to inform the public, Congress, and other
agencies of those consequences.553 According to the U.S. Supreme Court, an EIS:
ensures that the agency, in reaching its decision, will have available, and
will carefully consider, detailed information concerning significant
environmental impacts; it also guarantees that the relevant information
will be made available to the larger audience that may also play a role in
both the decisionmaking process and the implementation of that
decision.554
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Tr. 843:5-9 (Miracle, Quarles).
42 U.S.C. § 4332(C)(i).
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Private Fuel Storage, L.L.C. (Independent Spent Fuel Storage Installation), CLI-02-25, 56 NRC 340, 348 (2002).
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225.

NEPA itself does not mandate particular results, but prescribes the necessary process.555
If the adverse environmental effects of the proposed action are adequately identified and
evaluated, the agency is not constrained by NEPA from deciding that other values
outweigh the environmental costs.556 “Other statutes may impose substantive
environmental obligations on federal agencies, but NEPA merely prohibits uninformed . .
. agency action.”557 Indeed, although “one important ingredient of an EIS is the
discussion of steps that can be taken to mitigate adverse environmental consequences” to
“ensure that environmental consequences have been fairly evaluated,” there is no
“substantive requirement that a complete mitigation plan be actually formulated and
adopted . . . .”558

226.

In addition, it is well-established that NEPA requires that an EIS discuss only a project’s
“reasonably foreseeable impacts.”559 “NEPA also does not call for certainty or precision,
but an estimate of anticipated (not unduly speculative) impacts.”560 This concept has
been described by the courts as a “rule of reason.”561
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Id. at 350 (first citing Strycker’s Bay Neighborhood Council, Inc. v. Karlen, 444 U.S. 223, 227–28 (1980) (per
curium); and then citing Vermont Yankee Nuclear Power Corp. v. Natural Res. Def. Council, Inc., 435 U.S. 519,
558 (1978)).
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Robertson, 490 U.S. at 350.
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Id. at 351 (footnote omitted).
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Id. at 351–52 (footnote omitted).
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Private Fuel Storage, CLI-02-25, 56 NRC at 348 (footnote omitted); Wyoming Outdoor Council v. U.S. Forest
Serv., 165 F.3d 43, 49 (D.C. Cir. 1999).
560
Louisiana Energy Servs. (National Enrichment Facility), CLI-05-20, 62 NRC 523, 536 (2005) (emphasis in
original).
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Private Fuel Storage, CLI-02-25, 56 NRC at 347; Davis v. Latschar, 83 F. Supp. 2d 1, 8 (D.D.C. 1998), aff’d,
202 F.3d 359 (D.C. Cir. 2002); San Luis Obispo Mothers for Peace v. NRC, 751 F.2d 1287, 1300–01 (D.C. Cir.
1984), vacated on other grounds, 760 F.2d 1320 (D.C. Cir. 1985), cert. denied, 479 U.S. 923 (1986).
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227.

Thus, while NEPA requires Federal agencies to take a “hard look” at the environmental
impacts of a proposed action,562 that requirement is subject to a rule of reason such that
the consideration of environmental impacts “need not address every impact that could
possibly result, but rather only those that are reasonably foreseeable or have some
likelihood of occurring.”563 The likelihood that the event in question will occur is the
important issue for NEPA purposes.564 If a contention claims that an EIS is inadequate in
some respect, “the ‘rule of reason’ by which NEPA is to be interpreted provides that
agencies need not consider ‘remote and speculative risks’ or ‘events whose probabilities
they believe to be inconsequentially small.’”565

228.

Based on the facts set forth above, the NRC has more than satisfied its obligation under
NEPA’s rule of reason with respect to the issue raised by Contention 2.1. FPL and the
Staff developed extensive hydrogeologic data and analysis, consistent with, and in some
cases exceeding, industry standards. That data and analysis, which included groundwater
modeling and analysis of the direction of the groundwater flow, demonstrates that the
wastewater will be confined in or near the Boulder Zone by approximately 1,465 feet of
rock and will not migrate anywhere close to a potable water supply. FPL’s injection
wells will be constructed with modern techniques that have precluded any significant
leaks in Florida. Further, the FDEP will regulate FPL’s wastewater injection system and
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See Louisiana Energy Services, L.P. (Claiborne Enrichment Center), CLI-98-3, 47 NRC 77, 87–88 (1998).
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(1989) (citation omitted).
563

90

FPL will monitor the injection process. Therefore, it is clearly not reasonably foreseeable
that wastewater will migrate to the USDW and a potable water supply.
229.

But even if the wastewater did somehow end up in drinking water, it is not reasonably
foreseeable that the constituents, in the extremely conservative concentrations set forth in
FEIS Table 3-5,would cause a greater than small environmental impact. The
concentrations of these constituents are far below levels at which they are allowed to be
present in federal drinking water systems, and far below levels at which even nominal
human health impacts have been found in scientific studies. And due to volatilization
and dilution, the chemical concentrations at issue are likely to be even less than the
concentrations in Table 3-5 were they to migrate into drinking water supplies.

230.

Put simply, the environmental risk here is “infinitesimal.”566
B.

231.

The FEIS Is Not A Research Project.

Joint Intervenors also have suggested that FPL needs to perform additional research to
satisfy the NEPA requirement that the environmental impacts at issue in this case will be
small. But the Staff has more than satisfied NRC and NEPA requirements through the
data and analysis it has already obtained.

232.

An EIS is not intended to be “a ‘research document,’ reflecting the frontiers of scientific
methodology, studies, and data.”567 Although “there ‘will always be more data that could
be gathered,’ agencies ‘must have some discretion to draw the line and move forward
with decisionmaking.’”568 NEPA does not require the use of the “best scientific
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Tr. 801:1-9 (Maliva); FPL-061 (Maliva) at ¶ 37.
Entergy Nuclear Generation Co. (Pilgrim Nuclear Power Station), CLI-10-11, 71 NRC 287, 315 (2010) (footnote
omitted); see also Entergy Nuclear Generation Co. (Pilgrim Nuclear Power Station), CLI-10-22, 72 NRC 202,
208 (2010).
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Entergy Nuclear Generation Co. CLI-10-11, 71 NRC at 315 (footnote omitted).
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methodology”569 nor does it demand virtually infinite study and resources.570 It also does
not require a “worst case” analysis.571 Rather, “NEPA ‘should be construed in the light
of reason.’”572
233.

As set forth above, throughout this proceeding the Joint Intervenors have argued that the
NRC should undertake unprecedented and unnecessary additional studies. For example,
Joint Intervenors argue that using one exploratory well is not sufficient to confirm that
the environmental impact will be small. They also argue that seismic reflection analysis
should be performed to better understand the geology at Turkey Point. But even putting
aside the facts that 1) these additional measures would not provide the claimed
assurances that have been asserted, and 2) the constituents are safe even if they enter
drinking water sources, such additional measures are also clearly not required by the law.
Under NEPA, an FEIS is not to be used to undertake such unprecedented research
projects.

234.

For these reasons, the NRC has satisfied its obligations under NEPA. After taking a hard
look at the appropriate data and information, the FEIS correctly concluded that the
reasonably foreseeable environmental impacts raised by Contention 2.1, if any, would be
small.
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Joint Intervenors claim that they want the “best available information” (Joint Intervenors’ Initial Written
Statement of Position on Contention 2.1 at 15) when in fact they want the NRC Staff to use a new method,
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VI.

PROPOSED ORDER
This initial decision resolves Contention 2.1 in favor of FPL. This decision shall

constitute the final decision of the Commission 40 days from the date of its issuance, unless,
within 15 days of its service, a petition for review is filed in accordance with 10 C.F.R.
§§ 2.1212 and 2.341(b) or the Commission decides to review this initial decision under 10 C.F.R.
§ 2.1210(a)(2) or (3).
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